
!""

Grallator#$%&'$()**)&+$,)-./01$'2%*)&'34/%56'$78,2(02&2(#$4%08$(,148%0
(%484$8/%8$*%1$,65,646&8$9),%86$4%084$4-(/$%4$8,)&%$),$56,/%54$%$4)0-906
4-0:%86$4%08;$<&01$)&6$0%,.6$:0-86$(%48$=%4$)946,>6'$in situ$%8$8/6$2&282%0
?@A?$'24()>6,1$4286B$-5)&$8-,&2&.$)>6,$):$%$0%,.6$90)(C$):$8/6$*%2&
8,%(C396%,2&.$4%&'48)&6+$28$=%4$&)86'$8/%8$%$*)0'$):$%$0%,.6$:0-86$(%48$=%4
5,646,>6'$2&$8/6$-&'6,012&.$*-'48)&6+$2&'2(%82&.$%$5%06)(-,,6&8$'2,6(3
82)&$8)$8/6$6%48$0)(%001$7D2.;$EE#;

F$4(6&%,2)$:),$8/6$'6>60)5*6&8$):$8/6$GHI$2&$8/6$%,6%$):$8/6
*-46-*$9-20'2&.$)&$8/6$4)-8/6%48$42'6$):$J2>6,42'6$A,2>6$=)-0'$96B$E#
%$*-'$:0%8$=%4$6K5)46'$&6%,$8/6$42'6$):$I%C6$A2K26$8/%8+$=/206$',12&.+
:),*6'$6K86&42>6$*-'(,%(C4$%&'$46,>6'$%4$%$4-948,%86$2&8)$=/2(/$'2&)3
4%-,$8,%(C4$=6,6$2*5,6446'+$!#$=%86,$:0))'6'$%(,)44$8/24$%,6%$:,)*$8/6
=648+$6,)'2&.$8/24$4-,:%(6$%&'$6K5)42&.$4%08$(,148%04$2&$8/6$:2,*$*-'+$L#
%''282)&%0$ '2&)4%-,4$ 8/6&$ 2*5,6446'$ 8,%(C4$ 2&8)$ 8/6$ 4):86,$*-'48)&6
6K5)46'$2&$8/6$4()-,6'$%,6%4+$%&'$M#$4%&'4$()>6,6'$8/6$6&82,6$*-':0%8
4-,:%(6;$H/-4+$ %8$ 06%48$ 8=)$6524)'64$):$'2&)4%-,$ 8,%(C$ :),*%82)&$%&'
5,646,>%82)&$%,6$,6(),'6'$)&$8/6$GHI$%8$ 8/6$9%46$):$ 8/6$*%2&$8,%(C3
96%,2&.$4%&'48)&6$7D2.;$EN#;

F(,)44$J2>6,42'6$A,2>6+$ 8)$ 8/6$ &),8/=648+$ 8/6$GHI$5,646,>64
*),6$6>2'6&(6$):$4()-,2&.$%&'$:6=6,$*-'(,%(C4+$2&'2(%82&.$8/6$'2,6(82)&
8)=%,'$'6656,$=%86,$ 8)$ 8/6$=648;$ O&>6,869,%86$ 9-,,)=4$ %&'$ (,%=02&.
8,%(64$%,6$()**)&$/6,6+$%4$%,6$'2&)4%-,$4=2*$8,%(C4$7G20&6,$68$%0;+$8/24
>)0-*6$9P$D2.;$E!#;$H))03*%,C4$%&'$(,64(6&8$*%,C4$5,)'-(6'$91$50%&8
:,%.*6&84$56&68,%82&.$8/24$4-,:%(6$%,6$%04)$()**)&$%&'$2&'2(%86$%$&),8/3
=%,'$5%06)(-,,6&8$2&$8/24$%,6%$7G20&6,$68$%0;+$8/24$>)0-*6$(#;

A6656,$=%86,$%04)$%556%,4$8)$96$')(-*6&86'$8)$8/6$6%48$):$8/6
?@A?$%8$Q6&46&$J2'.6$7D2.;$!#+$=/6,6$8/6$*%2&$8,%(C396%,2&.$4%&'48)&6
(%556'$%$4*%00$%,6%$)&$8/6$&),8/$6&'$):$8/6$,2'.6;$H/6$GHI$%8$8/24$4286
5,646,>64$%$4()-,6'$4-,:%(6$=28/$8))03*%,C4+$ 0%,.6$:0-86$(%484$%&'$&)
8,%(C4;$H/24$'248,29-82)&$):$ 46'2*6&8%,1$ :6%8-,6$ 4-..6484$ 8/%8$ 8/6$6K3
5)46'$*-':0%84$6K5)46'$2&$8/6$%,6%$):$8/6$*-46-*$9-20'2&.$*%1$/%>6

966&$24)0%86'$:,)*$8/6$%(8-%0$4/),602&6$):$I%C6$A2K26+$=/2(/$24$8/)-./8$8)
96$8)$8/6$&),8/6%48;

F8$8/6$?@A?$*-46-*+$)&$8/6$4)-8/6%48$42'6$):$J2>6,42'6$A,2>6+$%

DO@RJS$E!;$ ?6'2*6&8%,1$ :6%8-,64$ 5,646,>6'$ %8$ 8/6$ 9%46$ ):$ 8/6$*%2&$ 8,%(C3
96%,2&.$4%&'48)&6$&),8/=648$):$J2>6,42'6$A,2>6$%8$8/6$?@A?; A+$?=2*$8,%(C4
:,)*$ 8/6$*%2&$ 8,%(C396%,2&.$ 0%16,$ 7GHI#$ %8$ 8/6$ 9%46$ ):$ 8/6$*%2&$ 8,%(C3
96%,2&.$ 4%&'48)&6$=648$ ):$J2>6,42'6$A,2>6$ 7?@A?;ETU#;$B+$ D0-86$ (%484$ :,)*
8/6$GHI$ %8$ 9%46$ ):$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6$=648$ ):$J2>6,42'6$A,2>6;
C+$SK%*506$ ):$ (,64(6&8$ 48,-(8-,6$ :),*6'$91$50%&8$=%>2&.$ 2&$ (-,,6&8$ 74(,%8(/
(2,(06#$ 7456(2*6&$ &-*96,$ 56&'2&.#;$F,,)=4$ 2&'2(%86$ (-,,6&8$ '2,6(82)&4;

DO@RJS$EE;$I%,.6$ :0-86$ (%48$ 5,646,>6'$ in situ$ 2&$*-'48)&6$ 960)=$ 8/6$*%2&
8,%(C396%,2&.$ 4%&'48)&6$ %8$ 8/6$ ?@A?$ 6%48$ ):$J2>6,42'6$A,2>6$ 2&'2(%82&.$ %
(-,,6&8$ '2,6(82)&$ E!VW$ 8)$ 8/6$ 4)-8/6%48;$ X)86$ 8/6$,ubrontes$ 8,%(C+$=/2(/
=%4$ )90286,%86'$ 91$=6%8/6,2&.$ ):$ 8/24$ -&()&4)02'%86'$ 4-,:%(6$=28/2&$ %$ :6=
=66C4$ %:86,$ 6K5)4-,6;



LNN
5%,82&.$,6:6,,6'$8)$%4$8/6$Y45028$0%16,Z$91$G20&6,$68$%0;$78/24$>)0-*6$9#$24
'6>60)56'$ %9)-8$ EN$ (*$%9)>6$ 8/6$GHI;$H/6$ Y45028$ 0%16,Z$ 5,646,>64
%9-&'%&8$4*%00$'2&)4%-,$ 8,%(C4+$ 2&>6,869,%86$ 8,%(64+$%&'$ ,%2&',)5$ 2*3
5,6442)&4$7D2.;$ELF+$[#;$D2&6$5-(C6,2&.$):$8/6$4-,:%(6$%04)$4-..6484$8/6
5,646&(6$):$*2(,)92%0$*%84$%&'$:20*4$92&'2&.$8/6$4-,:%(6;

O&86,&%001+$8/6$*%2&$8,%(C396%,2&.$4%&'48)&6$5,646,>64$(02*92&.
,25506$(,)44396''2&.+$ 2&'2(%82&.$'65)4282)&$-&'6,$ :0)=2&.$=%86,$ 7D2.;
EL\#;$]/6,6$5%,82&.4$)((-,+$-&'-0%8),1$,255064$%,6$5,646,>6'$7D2.;$ELA#;
F08/)-./$,6().&2^6'$%(,)44$8/6$6&82,6$%,6%+$8/6$*%2&$8,%(C396%,2&.$4%&'3
48)&6$24$(-8$()*5068601$%=%1$2&$4*%00$%,6%4$91$0%86,$6,)42)&+$%4$'24(-446'
960)=;$H/6$*%2&$8,%(C396%,2&.$4%&'48)&6$8152(%001$>%,264$:,)*$EN$(*$8)
&6%,01$)&6$*686,$8/2(C;

O&$8/6$?@A?$*-46-*+$%$46,264$):$0)&.$,2'.64+$45%(6'$46>6,%0$*686,4
%5%,8$%&'$=28/$%4$*-(/$%4$)&63/%0:$*686,$):$,6026:+$%,6$,6().&2^6'$%8$8/6
8)5$):$8/6$*%2&$8,%(C396%,2&.$4%&'48)&6$7D2.;$EM#;$H/646$,2'.64$8,6&'
XUN_];$H/6$,60%82)&4/25$):$8/6$,2'.64$%&'$8,)-./4$8)$5%,82&.$4-,:%(64
=28/2&$8/6$4%&'48)&6$2&'2(%86$8/%8$8/646$%,6$6,)42>6$*6.%,255064$:),*6'
91$(-,,6&84$:,)*$8/6$4)-8/=648$(,)442&.$%&$2&282%0$4%&'$96'$%9)-8$)&6
*686,$8/2(C$7J62&6(C$%&'$?2&./+$E"UV#;$H/6$6&82,6$4%&'48)&6$-&28$/%'
966&$,6*)>6'$2&$)&6$):$8/6$8,)-./4$968=66&$8/6$6,)42>6$*6.%,255064;
H/2&+$,255063*%,C6'$4%&'48)&6$96'4$E3V$(*$8/2(C$%,6$5,646&8+$*)4801$8)
8/6$&),8/6%48$):$8/646$*6.%,25506$(,6484+$9-8$%04)$',%52&.$%(,)44$8/6*;
H/646$8/2&$4%&'48)&6$96'4$=6,6$:),*6'$:,)*$8/6$4%&'$6,)'6'$:,)*$8/6
8,)-./4$968=66&$8/6$*6.%,255064;$H/646$8/2&$4%&'48)&6$96'4$%,6$')*23
&%86'$91$%41**68,2(%0$,255064$'6*)&48,%82&.$%$4)-8/6%48$(-,,6&8$'2,6(3
82)&+$=28/$:6=6,$4-,:%(64$5,646,>2&.$628/6,$%41**68,2(%0$,255064$2&'2(%83
2&.$%$&),8/=648$(-,,6&8$'2,6(82)&$),$41**68,2(%0$=%>6$,255064$7D2.;$EM#;
H/6$&),8/=64834)-8/6%48$(-,,6&8$'2,6(82)&4$2&'2(%86'$91$8/6$,255063*%,C4
&6%,01$5%,%0060$8/6$(,6484$):$8/6$6,)42>6$*6.%,255064;$F''282)&%001+$8/646
8/2&$ ,255063*%,C6'$ 4%&'48)&64$ 5,646,>6$ %9-&'%&8$ '2&)4%-,$ %&'
(,)()'10)*),5/$8,%(C4$8).68/6,$=28/$,60%82>601$,%,6$50%&8$2*5,6442)&4
7D2.;$EV#;$J200$*%,C4$%,6$%04)$5,646&8+$2&'2(%82&.$=%86,$',%2&2&.$)::$8/24
4-,:%(6$8)$8/6$&),8/=648$7D2.;$EMA#$=28/$*2(,)'608%4$)((%42)&%001$6K3
86&'2&.$2&8)$8/6$8,)-./4$:,)*$8/6$42'64$):$8/6$*6.%,255064;

H/6$8)5$4-,:%(6$):$8/6$*%2&$8,%(C396%,2&.$4%&'48)&6$7H?#$24$2&86,3
5,686'$%4$%$5%,82%001$6K5)46'$96%(/+$4/)%0+$),$4528$%0)&.$8/6$()%48$):$%
0%,.6$0%C6$7I%C6$A2K26#$8/%8$=%4$962&.$*)'2:26'$91$=%>64$2*52&.2&.$)&$28;
H/6$*%`),281$):$ 8/6$ 8,%(C=%14$*%556'$)&$ 8/6$H?$%,6$'2,6(86'$628/6,
&),8/$),$4)-8/$7G20&6,$68$%0;+$8/24$>)0-*6$9#P$96(%-46$'2&)4%-,$8,%(C=%14
:,)*$)8/6,$42864$5,6')*2&%&801$5%,%0060$%&(26&8$*%,2&6$%&'$0%(-48,2&6
4/),602&64$76;.;+$I)(C061+$E""E#+$8/6$4/),602&6$24$2&86,5,686'$8)$%04)$/%>6
966&$'2,6(86'$0%,.601$&),8/34)-8/;$H/6,6:),6+$ 8/6$6,)42>6$*6.%,255064
5,646,>6'$)&$8/6$6%48$42'6$):$J2>6,42'6$A,2>6$=6,6$:),*6'$%8$%$/2./$%&.06
8)$8/6$4/),602&6$%&'$*%1$,6:06(8$8/6$')*2&%&8$%&.06$%8$=/2(/$0%,.6$=%>64
2*52&.6'$)&$8/6$4/),602&6+$8,%&45),82&.$4%&'$%0)&.$8/6$4/),6;$H/6$4*%006,3
4(%06+$,25506'$4%&'48)&6$96'4$5,646,>6'$2&$8/6$8,)-./4$%&'$',%56'$)>6,
8/6$*6.%,255064+$ 8).68/6,$=28/$ )8/6,$ 46'2*6&8%,1$ 48,-(8-,64+$ 2&'2(%86
8/%8$8/6$*6.%,255064$:)(-46'$=%86,$:,)*$4*%006,34(%06$=%>64$)&8)$8/6
96%(/$968=66&$8/6$*6.%,255064$8)$8/6$4)-8/6%48;$?-946a-6&8$',%2&%.6
9%(C$$)::$8/6$96%(/$=%4$8)$8/6$&),8/=648+$%04)$968=66&$8/6$*6.%,255064;
H/6$5,6')*2&%&(6$):$%41**68,2($,255064$2&'2(%82&.$(-,,6&8$'2,6(82)&4$8)
8/6$4)-8/6%48$ 4-..6484$ 8/%8$ 8/6$')*2&%&8$6::6(8$):$ 46'2*6&8$ 8,%&45),8
=28/$Y:%2,$=6%8/6,Z$=%>64$=%4$)&4/),6;$F$42*506$*)'60$:),$8/6$'65)423
82)&$):$8/6$*%2&$8,%(C396%,2&.$4%&'48)&6$24$4/)=&$2&$D2.-,6$EMS;

<&6$*686,$):$,6''24/35-,506$4/%06$)>6,0264$8/6$*%2&$8,%(C396%,2&.
4%&'48)&6$7D2.4;$"F+$ETF#;$X6%,$284$9%46$%&'$*2''06+$8=)$8/2&$>)0(%&2(
%4/64$=6,6$ ,6().&2^6'$9-8$ 5,)>6'$ 8)$ &)8$ 96$ 4-28%906$ :),$ ,%'2)*68,2(
'%82&.$7[;$b)=%0024+$56,4)&%0$()**-&;+$!NNM#;$H/24$4/%06$%04)$5,646,>64
5%,82&.4$8/%8$%,6$()>6,6'$=28/$)48,%()'64$7?(/-'%(C+$8/24$>)0-*6#;$H/6
4/%06$24+$2&$8-,&+$)>6,0%2&$91$UN$(*$):$,6''24/39,)=&$*-'48)&6$5,646,>3
2&.$'2446*2&%86'$)48,%()'64$%&'$()&(/)48,%(%&$4/6004$%&'$24)0%86'$:24/
9)&64$%&'$4(%064$7D2.;$L#;$H/646$:2&63.,%2&6'$46'2*6&84$,65,646&8$)::3
4/),6$0%(-48,2&6$6&>2,)&*6&84+$%&'$%,6$56&68,%86'$:,)*$8/6$8)5$91$4%&'3
48)&63:2006'$*-'(,%(C4$-5$8)$MN$(*$'665;

]/6,6$*6%4-,6'$)&$8/6$&),8/=648$42'6$):$J2>6,42'6$A,2>6+$%$TV

DO@RJS$EL;$ ?6'2*6&8%,1$ :6%8-,64$ 5,646,>6'$=28/2&$ 8/6$*%2&$ 8,%(C396%,2&.
4%&'48)&6$ %8$ 8/6$ ?@A?; A+$[0)(C$ 4/)=2&.$ 8/6$ 5)4282)&$ ):$ 8/6$ Y45028$ 0%16,Z
5%,82&.+$=28/$ &%8-,%0$Grallator$ (%484$ %&'$ %41**68,2($ ,25506$*%,C4$ %9)-8$ EN
(*$%9)>6$*-'(,%(C4$ 5,646,>6'$ )&$ 8/6$*%2&$ 8,%(C$ 0%16,$ %8$ 8/6$ 9%46$ ):$*%2&
8,%(C396%,2&.$ 4%&'48)&6$ 7456(2*6&$ &-*96,$ 56&'2&.#;$B+$ \0)463-5$ ):$ 8/6
Y45028$ 0%16,Z$ 5%,82&.$ 4-,:%(6$=28/$ &%8-,%0$ (%484$ ):$ ,%2&$ ',)5$ 2*5,6442)&4
7?@A?;!LV#; C+$\,)44346(82)&$ ):$ %$ 5),82)&$ ):$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6+
'2450%12&.$(02*92&.$ ,25506$(,)44396''2&.$ 7?@A?;cM!#;$D+$ O&86,:6,6&(6$ ,255064
5,646,>6'$ )&$ %$*%`),$ 5%,82&.$ 4-,:%(6$ &6%,$ 8/6$*2''06$ ):$ 8/6$*%2&$ 8,%(C3
96%,2&.$ 4%&'48)&6$ %8$ 8/6$ ?@A?$)&$ 8/6$ 6%48$ 42'6$ ):$J2>6,42'6$A,2>6;$F,,)=
5)2&84$ &),8/;



LNE

(*$8/2(C+$,6''24/3),%&.6$4%&'48)&6$()*506K$)>6,0264$8/646$:2&63.,%2&6'
48,%8%P$/)=6>6,+$8/24$4%&'48)&6$52&(/64$)-8$8)$8/6$4)-8/$7D2.4;$"+$ET#;
H/6$-&28$()&42484$):$:)-,$4%&'48)&6$96'4+$6%(/$EN3!V$(*$8/2(C$%&'$465%3
,%86'$91$*-'48)&6$5%,82&.4;$H/646$4%&'48)&6$96'4$5,646,>6$*-'(,%(C4
%&'$,))8$(%484$=28/$*)'6,%8601$=60035,646,>6'$,658206$8,%(C4$7,ubrontes
%&' Grallator =28/$,%,6 Anomoe1us %&'$4*%00$a-%',-56'$8,%(C4#$)&$8/62,
-556,$ 4-,:%(64$ 7D2.;$ ET#;$H/24$ %,6%$ 24$ C&)=&$ %4$ 8/6$?86=%,83]%0C6,
H,%(C4286$7?]?#$7G20&6,$68$%0;+$8/24$>)0-*6$9#;

DO@RJS$EM;$ ?6'2*6&8%,1$ :6%8-,64$ 5,646,>6'$ %8$ 8/6$ 8)5$ ):$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6$ %8$ 8/6$ ?@A?$ 2&$*-46-*$ 9-20'2&.$ 7%00$ ?@A?;Ec#; A+$ ?@A?
>)0-&866,$G)&86$ Q)/&4)&$ 48%&'2&.$ )&$ 6,)42>6$*6.%,255064$ %8$ 8/6$ 8)5$ ):$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6;$B,$ ?1**68,2($ %&'$ %41**68,2($ ,255064$ )&$ 8/6
8)5$ 4-,:%(6$ ):$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6;$A65,6442)&4$ ,65,646&8$ 5)),01$ 5,646,>6'$Grallator 8,%(C4;$ ?1**68,2(%0$ ,25506$ (,6484$ ),26&86'$XLN_SP$ `)2&84
'2,6(86'$XVUWS;$C+$ I%,.6+$ &),8/=6483'2,6(86'+$ %41**68,2(%0$ ,255064$ 4-56,5)46'$ 91$ 4*%00+$ &),8/6%483'2,6(86'+$ %41**68,2(%0$ ,255064$ )&$ 8/6$ &),8/$*%,.2&$ ):
8/6$ 8,)-./$ 968=66&$ 8/6$ 6,)42>6$*6.%,255064;$ Q)2&84$ '2,6(86'$XVUWS;$D+$ [,%&(/2&.$ ,200$*%,C4$ :),*6'$ 91$=%86,$ ',%2&2&.$X]+$ ')=&$ 8/6$ %K64$ ):$ 8,)-./4
968=66&$ 8/6$ 6,)42>6$*6.%,255064;$E+$G)'60$ :),$ 8/6$ :),*%82)&$ ):$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6+$ 9%46'$ )&$J62&6(C$ %&'$ ?2&./+$ 7E"UV+$ :2.;$ c#+$=28/$ 8/6
'248,29-82)&$ ):$ '2&)4%-,$ 8,%(C4$ 2&'2(%86';

<&6$):$8/646$4-,:%(64$5,646,>64$0%,.6$'65,6442)&4$!V3TN$(*$%(,)44
%&'$EN3LN$(*$'665$7D2.4;$ET[+$A#;$H/646$'65,6442)&4$=6,6+$%8$)&6$5)2&8+
8/)-./8$8)$56,/%54$,65,646&8$4%-,)5)'$8,%(C4+$%08/)-./$8/6$4286$24$*-(/
)0'6,$8/%&$%&1$48,%8%$2&$X),8/$F*6,2(%$5,646,>2&.$%&1$8,%(C4$),$9)'1
:)44204$):$0%,.6$4%-,)5)'4;$O8$/%4$966&$5,)5)46'$8/%8$56,/%54$8/646$Y5)8
/)064Z$,65,646&8$'65,6442)&4$*%'6$91$:24/$&6482&.$2&$8/6$4/%00)=4+$.2>6&
8/62,$(0)46$%44)(2%82)&$=28/$:24/$4=2*$8,%(64$72ndichna#$)&$8/6$4%*6
96''2&.$4-,:%(6;$O&$%8$06%48$)&6$):$8/646$Y5)8$/)064+Z$,25506$*%,C4$2&'23



LN!

(%86$ %$ 4-9%a-6)-4$ 6&>2,)&*6&8;$H/646$ 4%&'48)&64$ %,6$ 2&86,5,686'$ %4
,65,646&82&.$4%&'$'65)4286'$&6%,$8/6$0%C6$*%,.2&;

H/646$8,%(C396%,2&.$4%&'48)&64$%,6+$2&$8-,&+$)>6,0%2&$91$E;!V$*$):
,6''24/39,)=&$*-'48)&6$=28/$4(%886,6'+$8/2&$0%16,4$):$:2&63.,%2&6'$4%&'3
48)&6$7D2.;$L#;$H/646$96'4$%,6$028/)0).2(%001$42*20%,$8)$8/)46$%8$8/6$()&8%(8
968=66&$8/6$A2&)4%-,$\%&1)&$%&'$]/28*),6$d)2&8$*6*96,4;

H/24$2&86,*2K2&.$):$46'2*6&8%,1$:6%8-,64$8/%8$2&'2(%86$9)8/$4-93
%6,2%0$%&'$4-9%a-6)-4$6&>2,)&*6&84$')(-*6&84$42.&2:2(%&8$0%C6$06>60$,246
%&'$:%00$'-,2&.$8/24$2&86,>%0$):$]/28*),6$d)2&8$G6*96,$'65)4282)&;

Middle Sandstone Dominated Interval
H/6$&6K8$U;TM$*$):$46(82)&$24$(/%,%(86,2^6'$91$2&86,96''6'+$,6'3

'24/39,)=&$4%&'48)&6$%&'$*-'48)&6$7D2.;$EU#;$H/6$4%&'48)&64$%,6$*-(/
02C6$8/)46$2&$8/6$-556,$5%,8$):$8/6$A2&)4%-,$\%&1)&$G6*96,$2&$8/%8$8/61
5,646,>6$*-'(,%(C4$%&'$'2&)4%-,$8,%(C4$%&'$%,6$2&86,&%001$,25506$(,)443
96''6';$e)=6>6,+$8/646$4%&'48)&64$86&'$8)$96$0644$=600$(6*6&86'+$%&'
8/6$8,%(C4$%,6$&)8$a-286$4)$=600$5,646,>6'$76;.;+$8/6$IA?$H,%(C4286P$]203
02%*4$68$%0;+$8/24$>)0-*6#$7D2.;$EUA#;$O&>6,869,%86$9-,,)=4$%,6$5%,82(-3
0%,01$%9-&'%&8$2&$8/24$2&86,>%0$7I-(%4$68$%0;+$8/24$>)0-*6$9#+$%0)&.$=28/
()**)&$9)&64+$:24/$4(%064$%&'$()5,)02864$7]2002%*4$68$%0;+$8/24$>)0-*6#;

F4$=28/$*)48$):$8/6$,25506396''6'$4%&'48)&64$5,646,>2&.$8,%(C4
2&$ 8/6$ -556,$A2&)4%-,$\%&1)&$G6*96,+$ 8/646$ 4%&'48)&64$ %,6$ 2&86,3
5,686'$%4$,65,646&82&.$0%C6$*%,.2&$4%&'$'65)4284$6*50%(6'$91$0)&.4/),6
(-,,6&84;$H/6$4%&'$6&86,6'$ 8/6$*%,.2&$):$ 8/6$ 0%C6$41486*$)-842'6$ 8/6
48-'1$%,6%$>2%$:0->2%0$(/%&&604$5,64-*%901$42*20%,$8)$8/)46$5,646,>6'$2&
8/6$ 0)=6,$ 5%,8$ ):$ 8/6$ (02::3:),*2&.$ 5),82)&$ ):$ 8/6$A2&)4%-,$\%&1)&
G6*96,;$]%>64$2*52&.2&.$)&$8/646$46'2*6&84$=)-0'$/%>6$8,%&45),86'
8/6*$0%86,%001$%0)&.$8/6$4/),6$8)$4)*6$5)2&8$=/6,6$8/61$=6,6$%8$6a-20293
,2-*$=28/$)>6,%00$6&6,.1$()&'282)&4$%0)&.$8/6$0%C64/),6;

<8/6,$)-8(,)54$):$8/24$2&86,>%0$):$8/6$]/28*),6$d)2&8$G6*96,
6K%*2&6'$2&$8/6$?8;$@6),.6$%,6%$5,646,>6$&)8%901$0644$4%&'48)&6$8/%&$8)
8/6$=648$):$J2>6,42'6$A,2>6$%8$8/6$?@A?;$H/6$02*286'$%6,2%0$6K86&8$):
8/646$ 4%&'48)&64$ %8$ 8/6$ ?@A?$ 4-..6484$ 8/%8$ 8/61$*%1$ ,65,646&8$ %&
24)0%86'$4528$),$4/)%0$8/%8$=%4$)&01$'6>60)56'$2&$8/6$2**6'2%86$>2(2&281
):$8/6$?@A?;

Upper Shale Dominated Interval
H/6$-556,*)48$T;VV$*$):$8/6$]/28*),6$d)2&8$G6*96,$()&4248$):

8/2&396''6'$4/%06+$420848)&6+$%&'$:2&63.,%2&6'$4%&'48)&6$=28/$*2&),+$8/2&

96'4$):$02*648)&6;$H/24$46a-6&(6$()&42484$*)4801$):$()%,46&2&.$-5=%,'
(1(064$f!N3VN$(*$8/2(CP$6%(/$(1(06$24$(/%,%(86,2^6'$91$4/%06$%8$284$9%46
()&8%2&2&.$:)4420$:24/+$()&(/)48,%(%&4+$%&'$)48,%()'64+$%&'$(%556'$91
4%&'48)&6$5,646,>2&.$%0.%0$ 0%*2&%6+$48,)*%8)02864+$*-'(,%(C4+$*)4801
24)0%86'$9)&64$%&'$8668/+$%&'$0)(%001$%9-&'%&8$'2&)4%-,$8,%(C4$*%'6$-5
6K(0-42>601$91$Grallator$7D2.4;$Ec+$E"#;$H/24$96''2&.$5%886,&$*%1$,65,63
46&8$(02*%82($(1(064$%4$%,6$:,6a-6&801$,6:06(86'$2&$:2&6,3.,%2&6'$0%(-48,2&6
:%(264;$<8/6,+$0644$()**)&$:6%8-,64+$4-(/$%4$4%&'48)&6$'2C64$%&'$4):8
46'2*6&8$'6:),*%82)&$:6%8-,64+$%04)$)((-,$7D2.;$Ec#;

X%8-,%0$6K5)4-,64$):$8/6$-556,$4/%06$2&86,>%0$&),8/6%48$):$J2>6,3
42'6$A,2>6$=6,6$,60%82>601$5)),$5,2),$8)$5,65%,%82)&$):$8/6$4286$:),$()&3
48,-(82)&$):$D)4420$J2'.6$O&86,*6'2%86$?(/))0;$H/24$5,)(644$06'$8)$8/6
'6>60)5*6&8$):$0)=$,6026:+$(06%&$6K5)4-,64$):$8/646$46'2*6&84$)&$=/2(/
=6$)946,>6'$4-9806$46'2*6&8%,1$:6%8-,64$4-(/$%4$*-'(,%(C4$%&'$5)),01
5,646,>6'$'2&)4%-,$8,%(C4$7D2.;$Ec#;$F''282)&%001+$%$.,6%8$*%&1$>6,863
9,%86$ :)44204$=6,6$ :)-&'$ 7b2,C0%&'$ 68$ %0;+$ !NNVP$G20&6,$ 68$ %0;+$ !NNVP
G20&6,$%&'$I)(C061+$!NNTP$G20&6,$%&'$b2,C0%&'+$8/24$>)0-*6#;$<:$5%,3
82(-0%,$ 2&86,648$=%4$ %$ 4%&'48)&6$96'$&6%,$ 8/6$ 8)5$):$ 8/6$ 2&86,>%0$ 8/%8
5,646,>6'$0%,.6$9)&64+$2&(0-'2&.$*%&1$4C-00$606*6&84$:,)*$0%,.6$()60%3
(%&8/4$7G20&6,$%&'$b2,C0%&'+$8/24$>)0-*6#$%&'$24)0%86'$9)&64$%&'$8668/
):$8/6,)5)'$'2&)4%-,4$7D2.;$L#;$]/206$8/6$4286$5,646,>2&.$8/6$'2&)4%-,
:)44204$/%4$966&$468$%42'6$91$8/6$]%4/2&.8)&$\)-&81$?(/))0$A248,2(8$:),
:-,8/6,$,646%,(/+$D)4420$J2'.6$O&86,*6'2%86$?(/))0$)>6,0264$*)48$):$8/646
2&86,6482&.$48,%8%;$F886*584$%,6$-&'6,=%1$8)$%(a-2,6$%''282)&%0$%(,6%.6
8)$5,646,>6$%$0%,.6$%,6%$):$-&'6>60)56'$5,)56,8264$8)$8/6$6%48$%&'$4)-8/
):$D)4420$J2'.6$O&86,*6'2%86$?(/))0$%&'$%'`%(6&8$8)$8/6$?@A?;

G%&1$):$8/6$:)4420$>6,869,%864$5,646,>6'$2&$8/24$2&86,>%0$%,6$()%86'
91$,6''24/$42'6,286$()&(,682)&4;$H/61$,%&.6$:,)*$4*%00+$:0%8$'24C4$%9)-8
)&6$(6&82*686,$%(,)44+$:),*6'$%,)-&'$24)0%86'$.%&)2'$:24/$4(%064+$8)$0%,.6
*%4464$86&4$):$(6&82*686,4$%(,)44+$4-,,)-&'2&.$()&(6&8,%82)&4$):$24)3
0%86'$4(%064$%&'$9)&6$7D2.;$!N#$%&'+$2&$4)*6$(%464+$0%,.6+$%,82(-0%86'$:24/;
?)*6$):$8/646$%((-*-0%82)&4$%,6$-&-4-%0$2&$962&.$(2,(-0%,$2&$(,)44346(3
82)&$%&'$*),6$8/%&$%$*686,$0)&.P$8/61$:,6a-6&801$()&8%2&$()&(6&8,%82)&4
):$:24/$:)44204$%&'$%,6$8/-4$,6:6,,6'$8)$%4$Y:24/$482(C4Z$7\/2&$68$%0;+$!NNLP
G20&6,$68$%0;+$!NNV#;$H/6$Y:24/$482(C4Z$%,6$4-56,:2(2%001$42*20%,$ 8)$ 8/6
(/6,83,650%(6'$8-:%$5,646,>6'$%8$8/6$9%46$):$8/6$]/28*),6$d)2&8$G6*96,
%&'$%,6$(-,,6&801$-&'6,$48-'1$91$b%,6&$\/2&$7R&2>6,4281$):$\)0),%')#;

\)&82&-6'$()&48,-(82)&$ 2&$ 8/6$?8;$@6),.6$%,6%$ 86*5),%,201$ 6K3
5)464$&6=$)-8(,)54$):$8/6$-556,$4/%06$2&86,>%0$):$8/6$]/28*),6$d)2&8
G6*96,;$<&6$5%,82(-0%,01$ 2&86,6482&.$ 6K5)4-,6$ 24$ 960)=$]648$[0%(C
J2'.6$ 7960)=$ 8/6$ %2,5),8#+$ %0)&.$[0-::$?8,668$ &6%,$ UNN$?)-8/+$ %&'$ 24
C&)=&$%4$8/6$YA2K26$I-96$?286;Z$F8$8/24$4286+$%$>6,82(%0$6K5)4-,6$):$8/6
-556,$]/28*),6$d)2&8$G6*96,$8)$0)=6,$?5,2&.'%06$?%&'48)&6$G6*96,
):$8/6$b%16&8%$D),*%82)&$24$>242906$7D2.;$E"#;$H/2&$4%&'48)&6$96'4$%,6
6K5)46'$%8$8/6$8)5$):$8/6$]/28*),6$d)2&8$G6*96,$960)=$8/6$4()-,6'
4-,:%(6$%8$8/6$9%46$):$8/6$()%,46,3.,%2&6'$4%&'48)&64$):$8/6$?5,2&.'%06
?%&'48)&6;

F8$8/6$?@A?+$8/6$?5,2&.'%06$?%&'48)&6$-&()&:),*%901$)>6,0264
:2&63.,%2&6'$0%(-48,2&6$46'2*6&84$):$8/6$]/28*),6$d)2&8$G6*96,;$S0463
=/6,6+$4-(/$%4$%8$8/6$A2K26$I-96$?286$7D2.;$E"#$%&'$%8$g2)&$X%82)&%0$d%,C+
:2&63.,%2&6'$4%&'48)&6$96'4$%,6$5,646&8$960)=$8/24$-&()&:),*281$%&'
*%1$,65,646&8$4%&'$%((-*-0%82&.$%0)&.$8/6$*%,.2&$):$%$4/,2&C2&.$I%C6
A2K26;$$F08/)-./$()**)&01$*%556'$=28/$8/6$?5,2&.'%06$?%&'48)&6$G6*3
96,$):$8/6$b%16&8%$D),*%82)&+$8/646$4%&'48)&64$%,6$.6&682(%001$5%,8$):
8/6$]/28*),6$d)2&8$G6*96,$):$8/6$G)6&%>6$D),*%82)&;

Springdale Sandstone Member, Kayenta Formation

F8$8/6$?@A?+$8/6$)>6,012&.$?5,2&.'%06$?%&'48)&6$0264$)&$%&$6,)3
42)&%0$4-,:%(6$=28/$%$*686,$),$*),6$):$,6026:$%&'$,65,646&84$8/6$Q34-9$b
7Q3Nh#$-&()&:),*281$):$5,6>2)-4$%-8/),4$76;.;+$[0%C61+$E""MP$G%,^)0:+
E""MP$I-(%4$%&'$H%&&6,+$8/24$>)0-*6#;$I)(%001+$0%,.6$(0%484$7EN$(*$%&'
.,6%86,$2&$'2%*686,#$):$]/28*),6$d)2&8$0%(-48,2&6$46'2*6&84$%,6$5,646&8
2&$8/6$9%4%0$?5,2&.'%06$?%&'48)&6$%9)>6$8/24$-&()&:),*281;

F4$&6%,01$%4$(%&$96$'686,*2&6'+$8/6$?5,2&.'%06$?%&'48)&6$=%4
*6%4-,6'$/6,62&$(0)46$8)$8/6$4%*6$5%8/$%4$e2..2&4$%&'$]20024$7E""V#+$=/)

DO@RJS$EV;$R&2'6&82:26'$ 50%&8$ 2*5,6442)&$ 5,646,>6'$ 2&$ %$ 0%,.6$,ubrontes
8,%(C$ )&$ 8/6$ 8)5$ 4-,:%(6$ ):$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6;$H/24$ 456(2*6&$ 24
&)=$5,646,>6'$)&01$ %4$ %$ (%48$ %8$ 8/6$?@A?$ 7?@A?;"EL#;



LNL

DO@RJS$ET;$?6'2*6&84$ )>6,012&.$ 8/6$ 8)5$):$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6;$A+$SK5)4-,6$ )&$ 8/6$ 6%48$ 42'6$ ):$J2>6,42'6$A,2>6$ 2&$ !NNN$ 7:2&63.,%2&6'$ 46'2*6&84
/%>6$ 4-946a-6&801$ 966&$ ,6*)>6'$ :,)*$ %9)>6$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6$ %(,)44$ 8/6$ 6&82,6$ %,6%#;$i26=$ 8)$ 8/6$=648$ %(,)44$J2>6,42'6$A,2>6;$B+$A%,(1
?86=%,8$ 91$ %$ Y5)8$ /)06Z$ 75)442906$ :24/$ &6482&.$ 48,-(8-,6#$ %8$ 8/6$ ?86=%,83]%0C6,$H,%(C4286$ )&$ 8/6$ 6%48$ 42'6$ ):$J2>6,42'6$A,2>6;$C+$ \0)463-5$ ):$ 46'2*6&84
)>6,012&.$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6$ )&$ 8/6$=648$ 42'6$ ):$J2>6,42'6$A,2>6;$H/6$ 8)5$ 4-,:%(6$ ):$ 8/6$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6$ 24$ %55,)K2*%8601$ %8
9)88)*$):$ 5/)8).,%5/;$J)(C$ /%**6,$ :),$ 4(%06;$D+$R556,$ 4%&'48)&64$ %8$ 8/6$?86=%,83]%0C6,$H,%(C4286;$E+$ ?-,:%(6$ ):$ 8/6$ -556,*)48+$*-'3(,%(C6'$ 4%&'48)&6
%8$ 8/6$ ?86=%,83]%0C6,$H,%(C4286;$F+$ J/2^)028/$ 2&$ 4%&'48)&6$ :200$ 8%C6&$ :,)*$ 8/6$ Y5)8$ /)06Z$ 2&$B 7?@A?;"EV#;$F99,6>2%82)&4B$ SJA+$ 6%48$ 42'6$ ):$J2>6,42'6
A,2>6P$*4+$ -556,*)48$*-'3(,%(C6'$ 4%&'48)&6P$ 5/4+$ 4%&'48)&6$=28/$ 0%,.6$ Y5)83/)06Z$ 48,-(8-,64$ 8/%8$*%1$ 96$ :24/$ &6482&.$ 48,-(8-,64P$ ?]?+$ -556,$ 4%&'48)&64
5,646,>2&.$ 8/6$?86=%,83]%0C6,$H,%(C4286$ )&$ 8/6$=648$ 42'6$ ):$J2>6,42'6$A,2>6P$H?+$ 8)5$ 4-,:%(6$):$*%2&$ 8,%(C396%,2&.$ 4%&'48)&6P$]JA+$=648$ 42'6$ ):$J2>6,42'6
A,2>6;



LNM

DO@RJS$EU;$G2''06$ 4%&'48)&6$ 2&86,>%0$ ):$]/28*),6$ d)2&8$G6*96,$ ):$ 8/6$G)6&%>6$ D),*%82)&$=648$ ):$J2>6,42'6$A,2>6; A+$ D),*6,$ ()&48,-(82)&$ 4286$ ):
8/6$ 5,646&83'%1$D)4420$J2'.6$ O&86,*6'2%86$?(/))0$ 6K5)42&.$ 8/6$*2''06$ 4%&'48)&6$ 2&86,>%0;$B+$J64-082&.$ 6K5)4-,6$ ):$ 8/6$*2''06$ 4%&'48)&6$ 2&86,>%0$ :,)*$ 8/6
&),8/=648; C+$ ?%*6$ 6K5)4-,6$ :,)*$ 8/6$=648;$D+$ IA?$H,%(C4286$ &6%,$ 8/6$ 8)5$ ):$ 8/6$*2''06$ 4%&'48)&6$ 2&86,>%0;$F99,6>2%82)&4B$ 94+$ 9%46$ ):$*2''06$ 4%&'48)&6
2&86,>%0P$ 84+$ 8)5$ ):$*2''06$ 4%&'48)&6$ 2&86,>%0;

*6%4-,6'$%$8)8%0$8/2(C&644$):$LV$*$%4$()*5%,6'$8)$!U;cV$*$*6%4-,6'$91
-4;$H/6$?5,2&.'%06$?%&'48)&6$24$*)4801$5%06$1600)=24/39,)=&$%&'$48%&'4
)-8$2&$()&8,%48$8)$8/6$')*2&%&801$,6'$8)$*%->63()0),6'$46'2*6&84$%9)>6
%&'$960)=$28$7D2.;$!E#;$O8$24$%$*6'2-*3$8)$()%,463.,%2&6'+$N;V3E;N$*$4(%06+
50%&%,$%&'$8,)-./$(,)44396''6'$:0->2%0$4%&'48)&6$=28/$*2&),+$'24()&3
82&-)-4$*-'48)&6$5%,82&.4;$\/6,8$5699064$%,6$0)(%001$()&(6&8,%86'$%8$8/6
9%464$):$4)*6$):$8/6$0%,.6,$(,)44396'$4684;$?*%00$%*)-&84$):$568,2:26'
=))'+$2&(0-'2&.$0%,.6$0).4+$%,6$%04)$5,646&8$2&$8/24$*6*96,;$]/6,6$8/6
?5,2&.'%06$?%&'48)&6$=%4$*6%4-,6'$960)=$G2''068)&$[0%(C$J2'.6+$%
()-506$):$8/2&$7!$(*#$'2C64$7>62&4#$):$5)442906$2.&6)-4$*%86,2%0$=6,6
)946,>6'$2&$`)2&84$7D2.;$!E[#;$H/6$?5,2&.'%06$?%&'48)&6$,65,646&84$%&
6K86&42>6$9,%2'6'$,2>6,$41486*$8/%8$'6>60)56'$%(,)44$4)-8/=6486,&$R8%/
%&'$&),8/3(6&8,%0$F,2^)&%;$[6(%-46$28$24$=600$(6*6&86'+$8/6$?5,2&.'%06
?%&'48)&6$G6*96,$46,>64$%4$%$48%906$4-948,%86$:),$*%&1$):$8/6$/)*64
8/%8$/%>6$966&$()&48,-(86'$6%48$):$8/6$?@A?;

H/6$0)=6,+$-&&%*6'$*6*96,$):$8/6$b%16&8%$D),*%82)&$()&:),*3
%901$)>6,0264$8/6$?5,2&.'%06$?%&'48)&6$7e2..2&4$%&'$]20024+$E""V#;$H/6
0)=6,$-&&%*6'$*6*96,$ 24$')*2&%&801$:2&6$.,%2&6'$&6%,$ 284$9%46$%&'
%556%,4$8)$,65,646&8$%$0%,.6$0%(-48,2&6$-&28;$@%&)2'$4(%064$%,6$5,646&8$2&
8/646$46'2*6&84$%8$g2)&$X%82)&%0$d%,C$7A6[026-K$68$%0;+$!NNM+$8/24$>)03
-*6#;$H/6$-556,*)48$?5,2&.'%06$960)=$8/24$()&8%(8$()&42484$):$4/668
4%&'48)&64$=28/$ ,25506$*%,C4$ 2&86,5,686'$ 8)$ ,65,646&8$ 8/6$ :0->2%0
?5,2&.'%06$ ,6=),C6'$ 2&8)$ 0%C6$*%,.2&$ '65)4284$ 7D2.;$ !E#;$A2&)4%-,
8,%(C42864$%,6$()**)&$%0)&.$ 8/24$()&8%(8$ 2&$ 8/6$?8;$@6),.6$%&'$g2)&
X%82)&%0$d%,C$%,6%$7G2006,$68$%0;+$E"c"P$?*28/$68$%0;+$!NN!P$A6[026-K$68$%0;+

!NNM+$8/24$>)0-*6P$e%*902&+$!NNTP$e%*902&$68$%0;+$8/24$>)0-*6P$I)(C061
68$%0;+$8/24$>)0-*6#;$H/6$%9-&'%&(6$):$'2&)4%-,$8,%(C4$%8$8/6$8)5$):$8/6
?5,2&.'%06$?%&'48)&6$G6*96,$ %55%,6&801$ 6K86&'4$ 4)-8/6%48$ 8)$H-9%
\281+$F,2^)&%$%&'$/%4$966&$,6:6,,6'$8)$%4$8/6$?5,2&.'%06$G6.%8,%(C4286
7I-(%4$68$%0;+$!NNV%#;

CONCLUSIONS

I)=6,$Q-,%442($48,%8%$2&$8/6$?8;$@6),.6$%,6%$/%>6$,6(62>6'$028806
%886&82)&+$9-8$8/6$)&.)2&.$%&'$,%52'$'6>60)5*6&8$):$8/6$,6.2)&$/%4$5,)3
>2'6'+$%&'$24$5,)>2'2&.+$&-*6,)-4$6K(6006&8+$%08/)-./$4/),8302>6'+$6K5)3
4-,64$8/%8$5,)>2'6$6K(6006&8$,646%,(/$)55),8-&28264;$H/6$&-*6,)-4$'2&)3
4%-,$8,%(C$42864$5,646,>6'$%8$8/6$?@A?$%,6$%00$5,646,>6'$2&$*%,.2&%0$%&'
4/%00)=$0%(-48,2&6$5%06)6&>2,)&*6&84+$%4$2&'2(%86'$91$8/6$2&82*%86$%44)3
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