
!"#
#

!""#$%&$#'()#*+,%-#.+#/)#%-'$('01$("234%!5-5%6(,'#$/%7+89%&*(,'(8%:8(0/%%
#
$%&'())*#)+#,-./0-1*#-23#(.2456#7+#,78&989*#%2:;4.5:6<#=>#7?-@-1-#-23#&4264.#>=.#A43:1426-.<#B-5:2#A6C3:45*#
$+D+#B=E#FGHIIF*#)C5J-?==5-*#7K##IL!FGMHIIF#
#
# N=C.# 34O=5:6:=2-?# 54PC42J45# 0-;4# @442# .4J=Q2:R43# -23# 1-OO43# :2# 604# %OO4.# &.46-J4=C5# 56.-6-# =># 604#
2=.604-564.2# SC?># &=-56-?# $?-:2# =># 7?-@-1-*# ,:55:55:OO:# -23# )42245544+# )0454# 34O=5:6:=2-?# 54PC42J45# -.4# 604#
%T7S&M"+H*#%T7S&MI+H*#%T7S&M!+H#-23#%T7S&ML+H#54PC42J45+#B:=56.-6:Q.-O0:J#J-?:@.-6:=2#=>#60454#54PC42J45#:5#
@-543# O.:1-.:?<# =2# O?-2/6=2:J# >=.-1:2:>4.-*# =56.-J=345# -23# J-?J-.4=C5# 2-22=O?-2/6=2# U,-2J:2:# !"# $%&*# VWWXY+# )04#
1-E:1C1# >?==3:2Q# 5C.>-J45# -55=J:-643#Z:60# 60454# 34O=5:6:=2-?# 54PC42J45# J=..4?-64#Z4??#Z:60# 6.-25Q.455:;4# O4-/5#
=@54.;43#:2#(C.=O4+#
# )04# @-54# =># 604# %T7S&M"+H# 54PC42J4# :5# 34>:243# @<# 604# ,:3M&.46-J4=C5# %2J=2>=.1:6<# U,&%Y*# Z0:J0# :5#
.4J=Q2:R43#60.=CQ0=C6#604#2=.604.2#SC?>#=>#,4E:J=+#)04#3C.-6:=2#=>#604#0:-6C5#-6#604#,&%#:5#;-.:-@?4#:2#604#2=.604.2#
SC?>#=>#,4E:J=+#92#5=14#-.4-5*#5CJ0#-5#604#,-:2#$-55#-.4-#=>#604#DC64.#&=26:2426-?#A04?>#UD&AY*#604#0:-6C5#-6#604#
,&%#.-2Q45#>.=1#&42=1-2:-2#6=#,--56.:J06:-2# :2#-Q4+# 92# 604#D&A*#604#%T7S&M"+H*#%T7S&MI+H*#%T7S&M!+H#-23#
O=55:@?<#O-.6#=>#604#%T7S&ML+H#54PC42J45#-.4#1:55:2Q+#92#,:55:55:OO:#-23#7?-@-1-*#604#0:-6C5#-6#604#,&%#:5#2=6#Z4??#
34>:243#@:=56.-6:Q.-O0:J-??<*#@C6#-OO4-.5#6=#.4O.45426#=2?<#-#O=.6:=2#=>#604#&42=1-2:-2+#92#60:5#-.4-*#604#,&%#=JJC.5#
@46Z442#604#[-26R?4.#N=.1-6:=2#-23#604#@-54#=>#604#K=Z4.#)C5J-?==5-#N=.1-6:=2+#)04#-Q4#=>#604#6=O#=>#604#[-26R?4.#
N=.1-6:=2#:5#2=6#O.4J:54?<#/2=Z2#@4J-C54#:6#:5#J=1O.:543#=>#2=21-.:24#543:14265#34;=:3#=>#J-?J-.4=C5#1:J.=>=55:?5#
-23#=JJC.5#=2?<#:2#604#5C@5C.>-J4+#\4Q:=2-?#J=..4?-6:=25#:23:J-64#60-6#604#[-26R?4.#J-2#@4#J=..4?-643#Z:60#604#]-50:6-#
S.=CO# =># )4E-5*# -23# :5# 60C5# -55:Q243# -2# (-.?<# &42=1-2:-2# 7Q4+# )04# K=Z4.# )C5J-?==5-# N=.1-6:=2# :5# -#
O.43=1:2-26?<# 5-2356=24# C2:6# -?5=# 34;=:3# =># J-?J-.4=C5#1:J.=>=55:?5*# @C6# ?:60=56.-6:Q.-O0:J-??<# 4PC:;-?426# 56.-6-# 3=#
=JJC.#-6# 604#5C.>-J4+#)04#-Q4#=># 604#K=Z4.#)C5J-?==5-# :5#2=6#/2=Z2#O.4J:54?<#@4J-C54# 604#O-?<2=1=.O0# 6-E-#-.4#
?=2Q#.-2Q:2Q+#A6C3:45#@<#&0.:56=O04.#UVWF"Y#:23:J-64#60-6#604#K=Z4.#)C5J-?==5-#4PC:;-?426#56.-6-#-.4#=>#&42=1-2:-2#
7Q4+#K=Z4.#)C5J-?==5-#4PC:;-?426#56.-6-#:2#=C6J.=O#-.4#604#=?3456#O=56M$-?4=R=:J#56.-6-#6=#=JJC.#-6#604#5C.>-J4#:2#604#
,:55:55:OO:M7?-@-1-#-.4-+# )04# ^1-55:;4_# 5-23# .4O.454265# 604# ?=Z56-23# 5<56415# 6.-J6# 34O=5:65# =># 604#%T7S&M"+H#
54PC42J4*# Z04.4-5# 604# COO4.# O=.6:=2# =># 604# K=Z4.# )C5J-?==5-# N=.1-6:=2# :5# :264.O.4643# 6=# .4O.45426# 604#
6.-25Q.455:;4#5<56415#6.-J6#=>#60:5#54PC42J4+#
# )04#,-.:24#A0-?4*#=.#,:33?4#)C5J-?==5-#N=.1-6:=2*#:5#-#.4Q:=2-??<#4E6425:;4#50-?4#C2:6#60-6#>=.15#-#3:56:2J6:;4#
1-./4.# @43# C54>C?# >=.# 5C@5C.>-J4# 1-OO:2Q+# 7?60=CQ0# 604# ,-.:24# A0-?4# O.=O4.# =2?<# =JJC.5# :2# 604# 5C@5C.>-J4*#
?:60=56.-6:Q.-O0:J-??<# 4PC:;-?426# >:24MQ.-:243*# 1-.Q:2-?# 1-.:24# 543:14265# 3=# =JJC.# -6# 604# 5C.>-J4+# $?-2/6=2:J#
>=.-1:2:>4.-?#@:=56.-6:Q.-O0<#@<#,-2J:2:#!"#$%&#UVWFHY#:23:J-645#60-6#604#@-54#=>#604#,-.:24#A0-?4#J-2#@4#-55:Q243#6=#
604#'("$%)*(+$#,-./0$1)23+!!1/(+1!1.).#)-E=2#\-2Q4#T=24#=>#,:33?4#6=#K-64#&42=1-2:-2# :2#-Q4+#\4J426#56C3:45#
:23:J-64#60-6#604#@C?/#=>#604#,-.:24#A0-?4#J-2#@4#-55:Q243#6=#604#4!%5!"(3%(6("+-1,$1$#/!%5!"),$#)-E=2#\-2Q4#T=24#
=># )C.=2:-2# 7Q4# U\=542*# :2# O.455Y+# )04# 1-E:1C1# >?==3:2Q# 5C.>-J4# Z:60:2# 604# ,-.:24# A0-?4# .4O.454265# 604#
6.-25Q.455:;4#O4-/#=>#604#%T7S&M"+H#34O=5:6:=2-?#54PC42J4+##
# )04# 1-.:24# -23# 1-.Q:2-?# 1-.:24# 5-2356=245# -23# 50-?45# =># 604# %OO4.# )C5J-?==5-# .4O.45426# 604# 0:Q056-23#
5<56415#6.-J6#=>#604#%T7S&M"+H#34O=5:6:=2-?#54PC42J4+#92#=C6J.=O*#60454#0:Q056-23#34O=5:65#-.4#.4O.4542643#@<#604#
J04.6<#Q.-;4?5#=>#604#S=.3=#N=.1-6:=2+#)04#-Q4#=>#604#%OO4.#)C5J-?==5-#N=.1-6:=2#:5#2=6#/2=Z2#O.4J:54?<*#3C4#6=#
604#?-J/#=>#J-?J-.4=C5#1:J.=M#-23#2-22=>=55:?5+#\4Q:=2-?#J=..4?-6:=25#-23#J=256.-:26#@<#5CO.-M#-23#5C@`-J426#56.-6-#
:23:J-64#60-6#604#%OO4.#)C5J-?==5-#N=.1-6:=2#:5#O.=@-@?<#)C.=2:-2#:2#-Q4+#)04#C2J=2>=.1:6<#-6#604#6=O#=>#604#%OO4.#
)C5J-?==5-#N=.1-6:=2# :5# 3:>>:JC?6# 6=# .4J=Q2:R4# =2# 604#@-5:5# =># 5C@5C.>-J4# :2>=.1-6:=2*# @C6# J-2# @4# =@54.;43# -6# 604#
5C.>-J4#-6#604#@=C23-.<#@46Z442#604#)C5J-?==5-#S.=CO#-23#604#(C6-Z#N=.1-6:=2+#)0:5#C2J=2>=.1:6<#.4O.454265#604#
6=O#=>#604#%T7S&M"+H#34O=5:6:=2-?#54PC42J4+#
# )04#%T7S&MI+H#34O=5:6:=2-?#54PC42J4#:5#604#=?3456#O=56M$-?4=R=:J#54PC42J4#60-6#:5#J=1O?464?<#4EO=543#-6#604#
5C.>-J4# :2# 604# 7?-@-1-M,:55:55:OO:# -.4-+# )04# (C6-Z# N=.1-6:=2# :5# 604# =?3456# 56.-6:Q.-O0:J# C2:6# :2# 604# %T7S&MI+H#
54PC42J4+#)04#(C6-Z#J0-2Q45#J0-.-J64.#-?=2Q#56.:/4+#(-56#=>#,=26Q=14.<*#J426.-?#7?-@-1-*#604#(C6-Z#J=25:565#=>#-#
56-J/43# 54.:45# =># @:=56.=145# 3=1:2-643# @<# 604# =<564.# 7%!0)13(."+!$# ,+!"$,!$# 54O-.-643# @<# 5-23# C2:65+# )0454#
@:=56.=145#Z4.4#34O=5:643# :2#-# ?-Q==2#>=.143#@<#@-..:4.# :5?-235+#)04#@-..:4.#:5?-235#Z4.4#5C@54PC426?<#.4Z=./43*#
-23#-.4#.4O.4542643#@<#-#.-;:241426#5C.>-J4#-6#604#@-54#=>#604#B?C>>6=Z2#N=.1-6:=2+#)04#=<564.#@:=56.=145#-.4#=>#
A-26=2:-2# 7Q4*# -5# :23:J-643# @<# J-?J-.4=C5# 2-22=>=55:?5# U&0-.?45# &+# A1:60*# Z.:6642# J=11C2:J-6:=2a# 544# $CJ/466*#
VWWLY*# -23# -.4# @:=56.-6:Q.-O0:J-??<# J=..4?-@?4# Z:60# 604# )=1@:Q@44# A-23# -23# ?=Z4.# ,==.4;:??4# &0-?/+# ]456# =>#
,=26Q=14.<*#604#(C6-Z#:5#5C@3:;:343#:26=#-#?=Z4.*#C22-143#141@4.#-23#-2#COO4.#)=1@:Q@44#A-23#,41@4.+#)04#
?=Z4.#141@4.#=>#604#(C6-Z#:2#J426.-?#7?-@-1-#J=25:565#=>#-#?=Z4.#6:3-?#J0-224?M@-..:4.#>-J:45#=;4.?-:2#@<#-#50=.4>-J4#
6=# =>>50=.4# >-J:45# U)4Z*# VWFFY# 60-6# O=55:@?<# .4O.45426# ?=Z56-23# 5-23# 34O=5:65+# )04# )=1@:Q@44# A-23# ,41@4.#
J=25:565# =># 1-55:;4*# Q?-CJ=2:6:J# 5-235# 60-6# =>642# J=26-:2# -@C23-26# J-?J-.4=C5# >=55:?5+# &-?J-.4=C5# 1:J.=>=55:?#
@:=56.-6:Q.-O0<#=>#604#)=1@:Q@44#A-23#,41@4.#341=256.-645#60-6#604#6=O#=>#604#C2:6#:5#3:-J0.=2=C5+#)04#6=O#=>#604#
)=1@:Q@44#A-23#:2#J426.-?#7?-@-1-#=JJC.5#:2#604#?=Z4.#O=.6:=2#=>#604#O?-2/6=2:J#>=.-1:2:>4.-?#8),$+)1!%%$#$.90!"+),$##
#

APG Search and Discovery Article #90050©2001 AAPG Hedberg Research Conference, Dallas, Texas, August 26-29, 2001  (2005)



!"#
#

$%&'())#*+,-./01#

!
)23,-#42-56#7,-6#,8#9:0;<2-.,-:2-#=56>#?@6A62B#.@6#.,C#,8#.@6#),9D:5D66#<2-0#:-#62B.6A-#E:BB:BB:CC:#,++FAB#2.#
.@6#.,C#,8#.@6#"#!$%&'()*+,$!G,-6H#)@6B6#,DB6AI2.:,-B#:-0:+2.6#.@2.#.@6#.,C#,8#.@6#),9D:5D66#<2-0#:B#2CCA,3:92.6JK#
L#9:JJ:,-# K62AB# ,J06A# :-# +6-.A2J# =J2D292# .@2-# :-# 62B.6A-#E:BB:BB:CC:H# )@:B# 0:886A6-+6# :-# 256# :B# CA,D2DJK# A6J2.60# .,#
0:886A6-+6B# :-# B60:96-.# BFCCJK# 2J,-5# B.A:M6H# N-# 62B.6A-# E:BB:BB:CC:># B:J:+:+J2B.:+# B60:96-.# 8A,9# .@6# 2-+6B.A2J#
),9D:5D66#4:I6A#+2FB60#.@6#),9D:5D66#<2-0#E69D6A#.,#D6#A6J2.:I6JK#.@:+M>#2-0#,I6AA,06#.@6#6FB.2.:+#A:B6#A6+,A060#
:-#+6-.A2J#=J2D292H##
# N-:.:2JJK># 92A:-6# .,-5F6B# .@2.# 63.6-0# :-.,# .@6# -62AB@,A6# F-:.B# :-# D,.@# -,A.@6A-# E:BB:BB:CC:# *92AJK# .,-5F6# ,8#
E,,A6I:JJ6#&@2JM>#?@:+@#,++FAB#D6.?66-#.@6#B2-0B#,8#.@6#),9D:5D66#<2-0#E69D6A#,8#.@6#(F.2?#O,A92.:,-#2-0#.@6#
B2-0B# ,8# .@6#)FC6J,#),-5F6#,8# .@6#&,8866#<2-01# 2-0# :-# 62B.6A-#=J2D292# *92AJK# .,-5F6# ,8# .@6#E,,A6I:JJ6#&@2JM>#
?@:+@# ,++FAB# D6.?66-# B2-0K# 92AJ# .,-5F6B# ,8# .@6# PJF88.,?-# O,A92.:,-1# ?6A6# @KC,.@6B:G60# .,# A6CA6B6-.# .@6#
.A2-B5A6BB:I6#C62M#,8#.@6#%7=Q&;"HR#06C,B:.:,-2J#B6SF6-+6H#E:+A,8,BB:J#D:,B.A2.:5A2C@K>#@,?6I6A>#:-0:+2.6B#.@2.#.@6#
.?,# .,-5F6B# 0:886A# B:5-:8:+2-.JK# :-# 256H# )@6# E,,A6I:JJ6# .,-5F6# :-# -,A.@6A-# E:BB:BB:CC:# ,++FAB# :-# .@6# ,B.A2+,06#
-%,()./(0(*+%! 1/2''(*+# N-.6AI2J# 7,-6># ?@:+@# +,AA6BC,-0B# .,# .@6# J,?6A# C,A.:,-# ,8# .@6# CJ2-M.,-:+# 8,A29:-:86A2J#
3/.0.)*24,$4$! 5(4)*+,.%$# N-.6AI2J# 7,-6# ,8# 62AJK# &29C2-:2-# 256H# P:,B.A2.:5A2C@:+# +,AA6J2.:,-B# :-0:+2.6# .@2.# .@:B#
92A:-6# .,-5F6# :B# +J,B6# .,# .@6# 256# ,8# .@6#923:9F9# 8J,,0:-5# BFA82+6#,8# .@6#%7=Q&;"HR#06C,B:.:,-2J# B6SF6-+6># 2B#
2CCA,3:92.60#DK#2# B@:8.# 8A,9# :-+A62B:-5# .,#06+A62B:-5#CJ2-M.,-:+TD6-.@:+# 8,A29:-:86A2J# A2.:,B# :-#62B.6A-#E:BB:BB:CC:#
2-0# +6-.A2J# =J2D292H# N-# 62B.6A-# =J2D292># .@6# 92AJK# .,-5F6# ,8# .@6# E,,A6I:JJ6# :B# 2.# .@6# .,C# ,8# .@6# CJ2-M.,-:+#
8,A29:-:86A2J# "+,$*+4(//$! $%&'()*+,$! )23,-# 42-56# 7,-6# ,8# J2.6B.# <2-.,-:2-# 256H# =00:.:,-2J# :-8,A92.:,-># :-+JF0:-5#
BFDBFA82+6# ?:A6J:-6# J,5# B:5-2.FA6B# 2-0# BFA82+6# A6+,--2:BB2-+6># :-0:+2.6B# .@6# CA6B6-+6# ,8# 2# B6SF6-+6# ,A#
C2A2B6SF6-+6# :-# 62B.6A-# =J2D292# .@2.# :B# -,.# 92-:86B.60# :-# ?6B.6A-# =J2D292# ,A# -,A.@6A-# E:BB:BB:CC:H# )@:B#
C2A2B6SF6-+6#:B#A686AA60#.,#@6A6:-#2B#.@6#%7=Q&;"HR;2#B6SF6-+6H##
# )@6#D,F-02AK#D6.?66-#.@6#%7=Q&;"HR#2-0#%7=Q&;!HR#06C,B:.:,-2J#B6SF6-+6B#@2B#D66-#A686AA60#.,#2B#2#)KC6#
NN# B6SF6-+6# D,F-02AK# DK# E2-+:-:# ()! $/H# *LUUV1H# W,# B:5-:8:+2-.# @:2.FB# :B# ,DB6AI60# :-# .@6# ,88B@,A6# 2A62# ,8# 62B.6A-#
E:BB:BB:CC:# 2-0# ?6B.6A-# 2-0# +6-.A2J# =J2D292H# N-# .@6# ,88B@,A6# 2A62># .@6# D,F-02AK# :B# A6+,5-:G60# DK# 2# D60# A:+@# :-#
D2+FJ:.6B># D6J69-,:0B># C:6+6B# ,8# ?,,0># 2-0># :-# +6-.A2J# =J2D292># 8:-6# B2-0H# X:5@B.2-0# BKB.69B# .A2+.B># +,-B:B.:-5#
CA:92A:JK#,8#92A5:-2J#92A:-6#.,#-,-92A:-6#B2-0B>#2A6#?6JJ#06I6J,C60#:-#.@6#-62AB@,A6#2A62B#,8#62B.6A-#=J2D292#2-0#
-,A.@6A-#E:BB:BB:CC:H# N-#62B.6A-#=J2D292># .@6B6#B2-0B#,++FA# :-# .@6#D2B2J#C,A.:,-#,8# .@6#&FBB6.2#<2-0>#?@6A62B# :-#
-,A.@6A-#E:BB:BB:CC:># .@6#@:5@B.2-0#B2-0B#2A6# :-# .@6#)FC6J,#),-5F6#,8# .@6#&,8866#<2-0H#$2J6,6+,J,5:+# :-8,A92.:,-#
8A,9#,B.A2+,06B#:-0:+2.6B#06+A62B:-5#92A:-6#:-8JF6-+6#:-#2#I6A.:+2J#B6+.:,-#2.#.@6#.KC6#J,+2J:.K#,8#.@6#)FC6J,#),-5F6H#
# )@6#%7=Q&;!HR#06C,B:.:,-2J#B6SF6-+6#+,-B:B.B#,8#.@:-#.A2-B5A6BB:I6#BKB.69B#.A2+.#06C,B:.B#:-#.@6#J,?6A#,A#D2B2J#
C,A.:,-B#,8#.@6#Y69,C,J:B#&@2JM>#2#923:9F9#8J,,0:-5#BFA82+6#:-#.@6#9:00J6#Y69,C,J:B#&@2JM>#?@:+@#63.6-0B#:-.,#.@6#
&FBB6.2# <2-0# :-# 62B.6A-# =J2D292# .,# .@6# D2+M?2.6AB# ,8# .@6# &@2..2@,,+@66# 4:I6A># 62AJK# @:5@B.2-0# BKB.69B# .A2+.#
06C,B:.B#,8#.@6#PJF88C,A.#E2AJ>#2-0#J2.6#@:5@B.2-0#BKB.69B#.A2+.#06C,B:.B#,8#.@6#4:CJ6K#O,A92.:,-H#N-#.@6#,88B@,A6#2A62>#
.@6#.A2-B5A6BB:I6#06C,B:.B#,8#.@:B#B6SF6-+6#2A6#-62AJK#:06-.:+2J#.,#.@6#@:5@B.2-0#06C,B:.B#,8#.@6#CA6I:,FB#B6SF6-+6>#
2B# .@6# D,F-02AK# D6.?66-# .@6B6# .?,# B6SF6-+6B# :B# -62AJK# +,-8,A92DJ6H# X,?6I6A># :-# .@6# -62AB@,A6# 2A62B># .@6#
D,F-02AK# D6.?66-# .@6# %7=Q&;"HR# 2-0# %7=Q&;!HR# 06C,B:.:,-2J# B6SF6-+6B# :B# A6+,5-:G60# 2.# 2# B@2AC# +,-.2+.#
D6.?66-# .@6# B2-0B# ,8# .@6# CA6I:,FB# @:5@B.2-0# 06C,B:.B# 2-0# ,KB.6A;D62A:-5# B2-0B# ,8# .@6# D2B2J# Y69,C,J:B# &@2JMH#
)@6B6#,KB.6A;D62A:-5#B2-0B#C2BB#SF:+MJK#FCB6+.:,-#:-.,#.@6#+@2JM#,8#.@6#Y69,C,J:BH##
# )@6#.A2-B5A6BB:I6#C62M#:-#.@6#%7=Q&;!HR#06C,B:.:,-2J#B6SF6-+6#:B#,DB6AI60#2B#2#92A:-6#.,-5F6#.@2.#63.6-0B#
9F+@# 82A.@6A# J2-0?2A0# .@2-# 2-K# ,8# .@6# ,.@6A# %CC6A# &A6.2+6,FB# .,-5F6B># 2-0# A62+@6B# 2B# 82A# -,A.@# 2B# +6-.A2J#
)6--6BB66#2-0#62B.?2A0#2B#82A#2B#2B#.@6#=J2D292;Q6,A5:2#J:-6H#)@:B#92A:-6#.,-5F6>#M-,?-#2B#.@6#&,,-6?2@#D60>#
,++FAB# BJ:5@.JK# D6J,?# .@6# CJ2-M.,-:+# 8,A29:-:86A2J# 3/.0.)*24,$4+)$! ,$/,$*$)$# )23,-# 42-56# 7,-6# 2-0# ?:.@:-# .@6#
+2J+2A6,FB#-2--,CJ2-M.,-#&&#ZL#N-.6AI2J#7,-6>#D,.@#,8# J2.6#&29C2-:2-#256H#$J2-M.,-:+# 8,A29:-:86A2J#02.2# :-0:+2.6#
.@2.# .@6#62AJK#@:5@B.2-0#06C,B:.B#,8# .@:B#B6SF6-+6#2A6#0:2+@A,-,FBH#O,A#6329CJ6># .@6#PJF88C,A.#E2AJ#E69D6A#,8# .@6#
Y69,C,J:B# &@2JM># ?@:+@# A6CA6B6-.B# .@6# 62AJK# @:5@B.2-0# 06C,B:.B># 2A6# ?:.@:-# .@6# 3#! ,$/,$*$)$# G,-6# :-# -,A.@6A-#
E:BB:BB:CC:># DF.# ,++FA# 2CCA,3:92.6JK# VR# 866.# 2D,I6# .@6# PJF88C,A.# :-# 62B.6A-# E:BB:BB:CC:H# )@:B# ,DB6AI2.:,-#
069,-B.A2.6B#.@6#BJF55:B@#+@2-56#:-#B62#J6I6J#.@2.#,++FAA60#0FA:-5#.@6#J2.6#&29C2-:2-H#)@6#J2.6#@:5@B.2-0#06C,B:.B#
,8# .@6#4:CJ6K#O,A92.:,-#B@,?#06+A62B:-5#92A:-6# :-8JF6-+6#FCB6+.:,->#2-0#2A6#+2CC60#DK#2-#6A,B:,-2J#BFA82+6# .@2.#
92AMB#.@6#FCC6A#D,F-02AK#,8#.@:B#06C,B:.:,-2J#B6SF6-+6H#
# )@6#%7=Q&;[HR#06C,B:.:,-2J#B6SF6-+6#:B#.@6#+@,-,B.A2.:5A2C@:+2JJK#B@,A.6B.#06C,B:.:,-2J#B6SF6-+6#:-#.@6#%CC6A#
&A6.2+6,FB#,8#.@6#QFJ8#&,2B.2J#$J2:-H#P:,B.A2.:5A2C@:+#02.2#8A,9#+2J+2A6,FB#-2--,8,BB:JB#:-0:+2.6#.@2.#,-6#6-.:A6#G,-6#
2-0#C2A.B#,8#.?,#,.@6A#G,-6B#2A6#9:BB:-5#D6.?66-#.@6#K,F-56B.#92A:-6#06C,B:.B#,8#.@6#%7=Q&;!HR#B6SF6-+6#*J2.6A#
C2A.# ,8#&&#Z"1#2-0# .@6#,J06B.#92A:-6#06C,B:.B# ,8# .@6#%7=Q&;[HR# B6SF6-+6# *62AJK# C2A.#,8# .@6#&&#Z[1#B6SF6-+6BH#
P6.?66-#.@6B6#92A:-6#B.A2.2#2A6#.@6#92A5:-2J#92A:-6#.,#-,-92A:-6#J,?B.2-0#B2-0B#,8#.@6#FCC6A#4:CJ6K#O,A92.:,-H#
\F.+A,C# ,DB6AI2.:,-B# 2-0# BFDBFA82+6# 92CC:-5# @2I6# A6I62J60# :-+:B6;I2JJ6K;8:JJ# 06C,B:.B# :-# ?@:+@# .@6B6# J,?B.2-0#
B2-0B#,++FAH#=#.A2-B5A6BB:I6#BFA82+6#,++FAB#2.#.@6#.,C#,8#.@6B6#B2-0B#:-#.@6#FCC6A9,B.#4:CJ6K#O,A92.:,->#?@:+@#:B#
:9960:2.6JK#,I6AJ2:-#DK#,KB.6A;D62A:-5#B2-0B#I6AK#B:9:J2A#.,#.@,B6#:-#.@6#%7=Q&;!HR#B6SF6-+6H#)@:B#,KB.6A;D62A:-5##
#

APG Search and Discovery Article #90050©2001 AAPG Hedberg Research Conference, Dallas, Texas, August 26-29, 2001  (2005)



!!"
"

#$%&'((")*+,-./0"

"
12,/"31"3445/32-567"+859623,":7"-;5"9562-385"<=95"*;26>"+?"-;5"#923935"@6=??"%;26>A"(;5"42B34=4"?6++/3,C"1=9?2*5" 3,"
$DEF%GHAI"15J=5,*5"31"95*+C,3K5/"21"2"-;3,":5/"+?"59+/5/"2,/":+95/"42*9+?+11361A"(;31"<;+1<;2-3*"42*9+?+1136":5/"
+**=91"2-"-;5":215"+?"-;5"!"#$%&'($%)$*&+",-.(#/&#01""L,-59826"D+,5"+?"43/GM221-93*;-32,"2C5")M2,*3,3"$/,"*2N"OPQP0A"
(;5";3C;1-2,/"171-541"-92*-"/5<+13-1"3,"-;5"$DEF%GHAI"/5<+13-3+,26"15J=5,*5"+**=9"3,"-;5"!2,-.(#/&#01",D+,5A"E,"
=,*+,?+943-7"2-" -;5"&G(":+=,/297"429>1" -;5" -+<"+?" -;31"/5<+13-3+,26"15J=5,*5A"(;5";32-=1"2-" -;5"&G(":+=,/297" 31"
82932:65R"1+45"2=-;+91";285"*62345/"8597" 63--65" -345" 31"43113,C"2-" -;5":+=,/297",529" -;5" -7<5" 6+*263-7"+?" -;5"#923935"
@6=??"%;26>N"S;59521" 3," +-;59" 29521N" 1=*;" 21"S51-G*5,-926"E62:242N" -;5"#923935"@6=??"S21" *+4<65-567" 59+/5/N" 2,/"
#265+C5,5" 1-92-2" /395*-67" +859635" -;5"T3<657" U+942-3+,A" E" 9562-385" /9+<" 3," 152" 65856" ,529" -;5" 5,/" +?"M221-93*;-32,"
/5<+13-3+," 31" 3,/3*2-5/" 3,"*5,-926"E62:242N"S;595" -;5"12,/7"4296"+?" -;5"#9+83/5,*5"V2,/"+8596351" -;5"#923935"@6=??"
%;26>A""
" (;5"$<<59"%95-2*5+=1"/5<+13-3+,26"15J=5,*51" 3," -;5"F=6?"%+21-26"#623," 95*+9/"C5,592667"16=CC31;"*;2,C51" 3,"
152"65856N"<29-3*=62967"/=93,C"-;5"V2,-+,32,"-+"M221-93*;-32,A"(;5"'29-;"171-54"31"C5,592667"*+,13/595/"-+";285":55,"
3,"2" WF955,;+=15X"*6342-5" 95C345"/=93,C" -;31" -345" 3,-59826A" L,"*+,-921-N" 95*5,-"583/5,*5")@299592"2,/"V283,N"OPPP0"
?9+4" +B7C5," 31+-+<5" 92-3+1" +?" <62,>-+,3*" 2,/" :5,-;3*" ?+9243,3?592" 3,/3*2-51" -;2-" 2" 1;29<" *++63,C" 3,-59826" +**=995/"
/=93,C"-;5"62-59"<29-"+?"-;5"32,'"+11$.&"L,-59826"D+,5A"(;5"92<3/"152"65856"/9+<"3,"-;5"M221-93*;-32,"31"<+113:67"9562-5/"
-+"3*5":=36/=<"+,"E,-29*-3*2")@299592"2,/"V283,N"OPPP0A"
" (S+"+?"-;5"/5<+13-3+,26"15J=5,*51"95*+C,3K5/"3,"-;5"F=6?"%+21-26"#623,"2<<529"-+"*+99562-5"S566"S3-;"15J=5,*51"
+:15985/"3,"-;5"E-62,-3*"%+21-26"#623,A"V=C2942,"$/,"*2")OPPH0"+:15985/"+,5"15J=5,*5N"-;5"M291;266-+S,"15J=5,*5N"
-+"+**=9"3,"*26*295+=1",2,,+?+1136"K+,51"%%YIZYO"-+"%%YY:A"(;31"15J=5,*5"*+9951<+,/1"-+"-;5"$DEF%G!AI"/5<+13G
-3+,26" 15J=5,*5" 3," -;5" F=6?" %+21-A" (;5" 7+=,C59" 15J=5,*5N" -;5" [28513,>" 15J=5,*5N" +**=91" 3," %%YHGY\N" S;3*;"
*+9951<+,/1" -;5" $DEF%GHAI" /5<+13-3+,26" 15J=5,*5" 3," -;5" F=6?" %+21-A" (;5" +6/59" 15J=5,*51" )V2,-+,32,G52967"
%24<2,32,0" /31<627" 4+95" 62-5926" 82932-3+," 3," -;5" 2C51" +?" -;5" *+4<+,5,-" 171-541" -92*-1" -;2," -;5" 7+=,C51-"
)$DEF%GHAI0" 15J=5,*5A" (;31" 82932-3+," 31" 2--93:=-5/" -+" -;5" 16=CC31;" *;2,C51" 3," 152" 65856" 2,/" *+,*+43-2,-"
42,3?51-2-3+,"+?"6+*26"<;5,+45,2A"
!"#"$"%&"'(
@299592N" 'AN" 2,/" VAMA" V283,N" OPPPN" '8+6=-3+," +?" 62-5" %24<2,32,GM221-93*;-32," 4293,5" *6342-51" 2,/" +*52,1N" &+"

@299592N"'AN"2,/"%A%A"]+;,1+,N"'8+6=-3+,"+?"-;5"%95-2*5+=1"^*52,G%6342-5"V71-54_"@+=6/59N"F5+6+C3*26"V+*35-7"
+?"E4593*2"V<5*326"#2<59"``YN"<A"Y!HGYQYA"

%;931-+<;59N"TAEAN"OPQYN"#267,+1-92-3C92<;7"+?"-;5":2126"%95-2*5+=1"=,3-1"+?"-;5"521-59,"F=6?"2,/"1+=-;59,"E-62,-3*"
*+21-26"<623,1N" &+"aAaA"E9/5,N"@AUA"@5*>N"2,/"'A"M+99+SN"5/1AN"#9+*55/3,C1"+?" -;5"V5*+,/"V74<+13=4"+," -;5"
F5+6+C7"+?"-;5"V+=-;521-59,"%+21-26"#623,_"F5+9C32"F5+6+C3*"V=9857"L,?+942-3+,"%39*=629"H`N"<A"OIGY`A"

M2,*3,3N"'AEAN"%A%A"V43-;N"2,/"]AbA"#27-+,N"OPQIN"F5+6+C3*"2C5"2,/"/5<+13-3+,26"5,839+,45,-"+?" -;5" c#36+-"V2,/c"
2,/" cM293,5" V;265c" (=1*26++12" F9+=<N" V+=-;" %296-+," U356/N" V+=-;" E62:242N" F5+6+C7" +?" -;5" b++/:3,5" 2,/"
(=1*26++12" ?+942-3+,1_" V+*35-7" +?" '*+,+43*" #265+,-+6+C31-1" 2,/" M3,5926+C31-1" U391-" E,,=26" T51529*;"
%+,?595,*5N"<A"Y!GYHA"

M2,*3,3N" 'AEAN" @AdA" (5SN" %A%A" V43-;N" OPQPN" %95-2*5+=1G(59-3297" *+,-2*-N" M3113113<<3" 2,/" E62:242_" ]+=9,26" +?"
U+9243,3?5926"T51529*;N"8A"OPN",+A"YN"<A"P`GOI!A"

#=*>5--N" (AMAN" OPPHN" #62,>-+,3*" ?+9243,3?5926" 2,/" +1-92*+/5" :3+1-92-3C92<;7" +?" -;5" 62-5" V2,-+,32," -;9+=C;" 52967"
M221-93*;-32,"1-92-2"3,"a26621"%+=,-7N"E62:242_"F5+6+C3*26"V=9857"+?"E62:242"@=665-3,"O\!N"HP"<A"

T+15,N"T21;56"[AN"3,"<9511N"F=6?"+?"M5B3*+"%95-2*5+=1"T5C3+,26"V-=/7N"F%VV'#MA"
V=C2942,N" #A]AN" &AMA" M36659N" aA" @=>97N" 2,/" MAaA" U53C5,1+,N" OPPHN" $<<59" %24<2,32,GM251-93*;-32," 1-9+,-3=4"

31+-+<3*N" :3+1-92-3C92<;3*N" 2,/" 15J=5,*5" 1-92-3C92<;3*" ?9245S+9>" +?" -;5" [5S" ]59157" %+21-26" #623,_" F5+6+C3*26"
V+*35-7"+?"E4593*2"@=665-3,N"8A"OIeN",+A"ON"<A"OPG`eA"

(5SN"@AdAN"OPQQN"M3,5926"T51+=9*51"+?"E=-2=C2"%+=,-7N"E62:242_"d5+6+C3*26"V=9857"+?"E62:242"V<5*326"42<"YOON"
Y`"<A"

"
"
"
"
"
"
"
"
"
"
"

APG Search and Discovery Article #90050©2001 AAPG Hedberg Research Conference, Dallas, Texas, August 26-29, 2001  (2005)




