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A B S T R A C T

W e l l   dat a   fro m   s o u th e a st   Big   Horn   b a s i n   was   used   to  

d e s i g n   a   g e o l o g i c   m o d e l   for   the   lower   C r e t a c e o u s   M u d d y  

interval.   L a t e r a l l y   c o n t i n u o u s   v a l l e y - f i l l   s a n d st on e  

o c c u r s   u n c o n f o r m a b l y   on   top   of   the   T h e r m o p o l i s   shale   over  

a   r e g r e ss i v e   sandstone.   An   u p p e r m os t   s an d s t o n e   was   d e -

p o s i t e d   as   o f f s h o r e   m a r i n e   bars   d u ri n g   late   M u d d y   t i m e .  

This   sa nds t o ne   forms   d i s c o n t i n u o u s   e l o n g at e   featu re s   that  

all   trend   n o r t h e a s t .   E a r l y   M u d d y   r eg r e s s i v e   s an d st o ne  

d e p o s i t s   and   m a r i n e   bar   s a n d st o ne s   tend   to   occur   to get her  

at   lo ca li ti es   that   w er e   t o p o g r a p h i c a l l y   high   in   M u d d y  

time,   wh il e   thi ck er   v a l l e y - f i l l   d e p o s i t s   reside   in   p a le o -  

t o p o g r a p h i c   lows   w h i c h   o c c u r r e d   du r in g   a   sea   level   dr o p  

d u r i n g   m i d - M u d d y   time. 1   In   the   study   area,   p r e d o m i n a n t  

n o r t h w e s t   and   n o r t h e a s t   d e p o s i t i o n a l   trends   in   the   lower  

C r e t a c e o u s   strat a   are   b el i e v e d   to   be   rela ted   to   re g io n al  

s t r u c t u r a l   control.

S y nt h et i c   se i sm i c   m o d e l s   indicate   that   the   ba s a l  

s a nd s to n e   ( regressive   and   v a l l e y - f i l l   sa n d s t o n e s   combined)  

t h i c k n e s s   c a n   be   m e a s u r e d   fro m   v e r t i c a l   p e a k - t o - t r o u g h  

d i f f e r e n c e s   from   hi gh   r e s o l u t i o n   (90   Hz)   w a v e l e t - p r o c e s s e d  

se i sm i c   d a t a .   M a r i n e   bar   s a n d s t o n e s   over   15   ft   thick   that  

are   at   least   15   ft   ab ove   the   v a l l e y - f i l l   sa n ds t o ne   wil l   be
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d e t e c t a b l e   on   this   d a t a .   Lower   r e s o l u t i o n   (35   Hz)  

w a v e l e t - p r o c e s s e d   d a t a   may   be   used   to   d e t e r m i n e   ma j or  

c h a n g e s   in   total   M u d d y   t h i c kn e s s   by   m e a s u r i n g   a m p l i t u d e  

vari at ion s.   C o n v e n t i o n a l l y   p r o c e s s e d   s e is mic   data   from  

the   study   area   w as   used   to   s u b s t a n t i a t e   and   d e ta i l   the  

M u d d y   in te rva l   g e o l o g i c   model.   A   t h i c k e n i n g   basal  

s a n d s t o n e   re s ult s   in   an   incre ase d   a m p l i t u d e   respo ns e   in  

the   a ct ual   data.   ̂ Presence   of   M u d d y   m a r i n e   bar   s an d s to n e  

is   d e n o t e d   by   an   e x t r e m e l y   low   a mp li tud e,   low   fr e qu e nc y  

se i smi c   s i g n a t u r e /

The   M u d d y   g e o l o g i c   m o d el   m a y   be   us e d   in   c o n j u n c t i o n  

wi t h   se ismic   da ta   to   locate   and   d i f f e r e n t i a t e   b e t w ee n  

v a l l e y - f i l l   s e d i m e n t s   and   upper   m a r i n e   bar   sandstones.  

This   m a y   be   a   v a l u a b l e   aid   to   the   e x p l o r a t i o n i s t   be c a us e  

bot h   sa n ds t on e s   r e p r e s e n t   p o s s i b l e   h y d r o c a r b o n   re se rv o ir s  

in   s o u t he a s t   Big   Ho r n   basin.
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I NT R O D U C T I O N

The   lower   C r e t a c e o u s   age   M u d d y   has   long   been   a  

t a rg e t   for   oil   and   g as   e x p l o r a t i o n   in   the   R o c k y   M o u n t a i n  

basins.   W i t h i n   the   Big   Hor n   basin   of   W y o m i n g ,   mos t   of   the  

M u d d y   s tr u c t u r a l   tr aps   w i t h   oil   and   ga s   p o t e n t i a l   have  

bee n   ex ploited.   H o w e v e r ,   the   e x tr eme   la t er a l   v a r i a t i o n   in  

M u d d y   t hi c k ne s s   p r e s e n t s   m a n y   p o s s i b l e   s t r a t i g r a p h i e   oil  

and   gas   traps   that   have   not   been   explored. ’   The   p u r p o s e   of  

this   thesis   is   to   e v a l u a t e   the   use   of   the   s ei sm ic   r e f l e c -

tion   m e t h o d   as   an   e x p l o r a t i o n   tool   for   l o c at i ng   s t r a t i -

g r a p h i e   a n o m a li e s   in   the   Muddy.   Data   for   the   st ud y   were  

c o l l e c t e d   over   a   p o r t i o n   of   the   s o u t h ea s t   Big   Hor n   bas in  

that   includes   W y o m i n g   t o w n s h i p s   43N   to   4  6N   and   ranges   89W  

to   93W.

Three   p r i m a r y   o b j e c t i v e s   of   this   th es i s   are  :   first,

to   e s t a b l i s h   a   g e n e r a l i z e d   ge o lo g ic   m o d e l   for   M u d d y   d e -

p o s i t i o n   in   the   st ud y   area;   second,   to   e x a m i n e   t h rou gh   use  

of   s y n th e ti c   sei smi c   m o d e l s   the   c a p a b i l i t y   of   the   seismic  

m e t h o d   to   d e t e c t   c h a n g e s   in   th ic kn e ss   for   the   en tir e   M u d d y  

and   for   i n d i vi d ua l   sa n d st o ne   facies   w i t h i n   the   unit  ;   and  

t h i r d ,   to   d e t e r m i n e   if   v a r i a t i o n s   in   s a n d s t o n e   por osity,  

gas   satur ati on,   d e p t h   of   burial,   a c o u st i c   b o u n d a r i e s ,   and  

rock   fra ct u re s   s i g n i f i c a n t l y   ch an ge   the   s ig n at u r e   of   the  

Muddy.
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S y n t h e t i c   s e i sm i c   m o d e l s   and   b or e h o l e   logs   wer e   used  

to   work   wi t h   the   o b j e c t i v e s   listed   above.   Se is m ic   da t a   is  

used   along   w it h   the   sei smi c   m o de l s   to   fur the r   the   g e o l o g i c  

m o d e l   developed.
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L O W E R   C R E T A C E O U S   G E O L O G Y

The   Big   Ho r n   b a s i n   is   a   large   s t r u c t u r a l   bas in  

b o r d e r e d   on   all   but   the   no r th   by   large   m o u n t a i n   ranges  

( Fig.   1).   The   s o u t h e r n   bord er   is   for m ed   by   the   l ow - l yi n g  

O w l   Cre ek   m o u n t a i n s ,   wh il e   to   the   we s t   lie   the   A b s a r o k a  

and   the   B e a r t o o t h   m ou n ta i ns .   The   e a s t e r n   p o r t i o n   of   the  

Big   Horn   ba sin   is   se p a r a t e d   from   the   Powde r   River   b a si n   by  

the   Big   Horn   m o u n ta i ns .   The   n o r t h e r n   m a r g i n   of   the   ba si n  

is   v a g ue l y   d e f i n e d   by   an   an t i c l i n a l   tre nd   e x t e nd in g   from  

the   B e a r t o o t h   m o u n t a i n s   ea s t w a r d   to   the   Pryor   m o u n t a i n s  

( Wilson,   1936) .

S t r u c t u r a l   d e f o r m a t i o n   that   f o r me d   the   Big   Horn  

b a s in   is   a   resu lt   of   the   La ra mi d e   Or o ge n y,   that   beg an   in  

late   C r e t a c e o u s   time.   In   late   J u r as s ic   and   ea rl y   C r e t a -

c e ou s   time,   p r i o r   to   the   La ra m i de   Or og en y ,   the   site   of   the  

p r e s e n t   day   Big   Hor n   b a s i n   was   not   a   s t r u c t u r a l   or   s e d i -

m e n t a r y   b a s in   ( Pauli,   1957) .   Instead,   it   was   par t   of   a  

m u c h   larger   area   c o v e r e d   by   a   s h a l l o w   sea   that   ex t en d ed  

t h r o u g h o u t   m u c h   of   the   w e s t e r n   c o n t i n e n t a l   interior   r e -

gion.   Lower   C r e t a c e o u s   stra ta   c o n s is t   of   s a nd s t on e s   and  

shales   d e p o s i t e d   as   this   vast   sea   t r a n s g r e s s e d   acro ss   the  

w e s t e r n   p l a i n s   area.
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Figure   1.   Relationship   between   the   Big   Horn   basin   and  
regional   structural   e le me n t s .   Modified   from  
P a u l i ,   1957.
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S T R A T I G R A P H Y

The   s t r a t i g r a p h i e   c o l u m n   for   the   lower   C r e t a c e o u s   of  

the   Big   Horn   b a s i n   is   sh own   in   Fig u re   2.   The   p h y s i c a l  

rock   d e s c r i p t i o n s   li st e d   b e l o w   are   fro m   work   done   by   Pauli  

( 1957)   and   Ri ch e r   ( 1962) .   The   d e s c r i p t i o n s   g e n e r a l l y  

a p p l y   to   lower   C r e t a c e o u s   s tr ata   t h r o u g h o u t   the   basin,  

h o w e ve r   se l e c t i v e   rock   sample   d e s c r i p t i o n s   from   near   the  

stu d y   area   in   the   ex t r e m e   s o u t he a st   p o r t i o n   of   the   b a s i n  

have   bee n   in clu d ed   in   this   study.

C l o v e r l y

The   base   of   the   C l o v e r l y   is   u s u a l l y   found   to   include  

the   Pryor   c o n g l o m e r a t e .   This   unit   is   h ig h l y   va r ia b l e   in  

t h i c k n e s s ,   ra nging   fro m   80   ft   in   some   p l a c e s   to   being  

c o m p l e t e l y   n o n - e x i s t e n t   in   other   lo cations.   The   Pryor  

c o n s i s t s   of   c h e r t   and   q u ar t z   p e b b l e   c o ng lo m e ra t e,   c o n -

g l o m e r a t i c   sa ndstone,   s a n d st o ne   wi th   int er b ed d ed   si l t s t o n e  

and   v a r i - c o l o r e d   shale   ( Pauli,   1957) .   The   Fuson,   also  

c a l l e d   the   M i d d l e   shale   m e m b e r ,   lies   above   the   Pryor   c o n -

gl o me rat e.   This   unit   is   p r e d o m i n a t e l y   s h a l e s ,   gray,   red  

and   p u r p le   in   color.   O c c a s i o n a l   ir r e g u l a r l y   bedde d   s a n d -

stones   and   s i l t s t o n e s   one   ft   to   five   ft   thick   may   be  

found.   The   F u s o n   va ri e s   from   10   ft   to   40   ft   thick   and  

c o n t a i n s   m o d e r a t e   a m o u n t s   of   c a r b o n a c e o u s   m a t e r i a l   and
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Figure   2.   Lower   Cretaceous   nomenclature   in   the   Big   Horn  
b a s i n .
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p l a n t   imprints.   The   u p p e r mo s t   me m be r   of   the   C l o v e r l y   is  

the   G r e y b ul l   sand sto ne.   This   m e m be r   u s u a l l y   c o n s i s t s   of  

three   to   ten   ft   beds   of   silty-   tb   f i n e - g r a i n e d   quart z  

s an d s t o n e   c o m m o n l y   iron   stained,   ri pp l e- mar ked ,   and   c a l -

careous.   Gra y   and   bla c k   shale   s t r i n ge r s   are   o c c a s i o n a l l y  

i n t e r be d de d   w i t h   the   sandstone.   Qu ar tz   g r a i n s   of   the  

s a n d s t o n e   have   wel l   d e v e l o p e d   se c o n d a r y   c r y s t a l   f a c e s .

The   total   t h i c k n e s s   of   the   G r e y b u l l   m e m b e r   ranges   from   10  

ft   to   40   ft.

T h e r m o p o l i s

This   p r e d o m i n a t e l y   shale   fo r m a t i o n   inc lud es   the  

a p p r o x i m a t e   300   ft   in te r va l   be t we e n   the   C l o v e r l y   f o r m a ti o n  

and   Muddy.   The   T h e r m o p o l i s   c an   be   seen   in   o u t c r o p   to  

c o n t a i n   four   e a s i l y   d i s t i n g u i s h a b l e   m e m b e r s .   The   basal  

100   ft   of   the   T h e r m o p o l i s   is   t er med   the   R u s t y   Beds  

member.   This   m e m b e r   is   c h a r a c t e r i z e d   by   very   thin ly  

i nt e r b e d d e d   s i l t s t o n e s   and   g r a y   shales.   A b u n d a n t   i r o n -

stone   c o n c r e t i o n s   found   in   the   Ru sty   Beds   result   in   a  

w e a t h e r e d   rust   rubbl e   s ur fac e   in   outcrop.   In   the   bas al  

p o r t i o n   of   the   R u st y   Bed s   m e m b e r ,   thick   b r o w n - w e a t h e r e d  

s a n d s t o n e   beds   o f t e n   oc cur   that   have   v er y   short   la teral  

extents.   The   c o n t a c t   b e t w e e n   the   ba sal   T h e r m o p o l i s   and  

the   u n d e rl yi n g   G r e y b u l l   m e m be r   of   the   C l o v e r l y   f o r m a ti o n
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is   o f t e n   d i f f i c u l t   to   di st i ng u is h .   The   ma j or   p o r t i o n   of  

the   R u s t y   Bed s   m e m b e r   is   c o m p o s e d   of   th i n l y   int er b ed d ed  

dar k   shales   and   s i l t s t o n e s   rich   in   c a r b o n a c e o u s   mater ial .  

Th i n   beds   of   san dy   l i m e s t o n e ,   c r o s s - b e d d e d   s a n d s t o n e ,   and  

iron s to n e   can   be   i de n t i f i e d   that   are   e x t r e m e l y   w i d e s p r e a d  

and   l a t er a ll y   p er s is t e nt .

Ab ov e   the   R u s t y   Beds   lies   a   t h i ck e r   shale   c a l l e d   the  

Lower   shale   by   Ri c he r   ( 1962) .   This   dar k   gr a y   fissile  

shale   is   c o m m o n l y   a r o u n d   90   ft   thick   and   c o n t a i n s   onl y   a  

few   very   thin   s a n d s t o n e ,   sa ndy   l i m e s t o n e ,   and   iro nst one  

beds.   Also   a   few   r a r e ,   gree nis h,   h a l f - f o o t   ben to ni t e   beds  

ap pea r   near   the   top   of   the   Lower   shale   member.   The   bulk  

of   the   shale   is   s l i g h t l y   silty,   re s u lt i ng   in   gr ay   c r u s t y  

w e a t h e r e d   surface.

The   third   m e m b e r   of   the   T h e r m o p o l i s   is   the   M i d d l e  

S i l ty   shale.   This   30   ft   m e m b e r   c o n t a i n s   gr ay   and   tan  

sil ty   shale   i n t e r b e d d e d   w i th   thin   s i l t s t o n e s   and   sandy  

limestone.   The   beds   are   l a te r al l y   p e r s i s t e n t   over   a   large  

area   and   have   an   a p p e a r a n c e   simi lar   to   the   Rus ty   Beds  

m e m b e r .

The   top   p o r t i o n   of   the   T h e r m o p o l i s   c o n si s ts   of   abo ut  

30   ft   of   black   f i s si l e   shale   w i t h   ve r y   little   silt   c o n -

tent.   The   c o n t a c t   b e t w e e n   this   n e a r l y   h o m o g e n e o u s   shale  

and   the   M i d d l e   S i l t y   shale   b e l o w   is   v e ry   abrupt.   Near   the
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top   of   this   shale   e x i s t s   one   of   two   ve ry   thin   b e n t o ni t e  

b e d s .

M u d d y

The   M u d d y   is   si t u a t e d   above   the   thi ck   black   shales  

of   the   T h e r m o p o l i s   and   b e l o w   the   black   s ha les   of   the   Sh e ll  

Creek.   The   M u d d y   in   the   so ut he a s t   Big   H or n   b a si n   is  

c h a r a c t e r i z e d   as   a   h i g h ly   v a r ia b le   unit   c o m p o s e d   of   s a n d -

stone,   siltstone,   shale,   b en t on i te   beds,   coals,   and   local  

c h e r t   p e bb l e   c o n g l o m e r a t e .   The   rapid   d e g r e e   of   l a te ral  

v a r i a b i l i t y   w i t h i n   the   M u d d y   is   not   d e m o n s t r a t e d   by   any   of  

the   other   lower   C r e t a c e o u s   units   of   the   Big   Hor n   basin.  

W h i l e   in   some   l o c a l i t i e s   the   M u d d y   c o n t a i n s   no   s a n d s t o n e s ,  

in   other   p la c e s   20   m i l e s   away,   the   M u d d y   c o n t a i n s   well  

over   100   ft   of   m a s s i v e   s a n d s t o n e .   The ref ore ,   it   is   a   d i s -

ti n ct i ve   and   yet   v a r i a b l e   unit   en c as e d   b e t w e e n   two   u n i f o r m  

and   p e r s i s t e n t   shale   units.   A l t h o u g h   the   M u d d y   m ay   only  

be   a   silty   shale   in   some   p l a c e s ,   it   still   p e r s i s t s   and   is  

e a s i l y   ident ifi ab le.   The   c o n t a c t   of   the   M u d d y   w i t h   the  

un d e r l y i n g   T h e r m o p o l i s   is   also   variable.   At   man y   l o c a l -

ities  ,   the   m a s s i v e   s a n d s t o n e   forms   an   a b r u p t   c o n t a c t   wi t h  

the   black   T h e r m o p o l i s   shale   indicat ing   a   p o s s i b l e   su rface  

of   n o nc o nfo rmi ty.   Howeve r,   at   other   p l a c e s   the   c o n t a c t   is  

so   g r a d a t i o n a l   that   there   ap p ea r s   to   be   no   break   in   s e d i -
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m e n t a t i o n   b e t w e e n   the   T h e r m o p o l i s   and   the   M u d d y   ( E i c h e r ,  

1962) .   The   s a n d s t o n e s   of   the   M u d d y   e x h i b i t   g r ea t   l i t h o -

logie   v a r i a b i l i t y   in   that   they   ma y   be   c a l c a r e o u s ,  

be n t on iti c,   or   ve r y   c l e a n   q u a r t z o s e   s an d s t o n e s   ( Pauli,  

1957) .   The   qu a rt z   g r a i n   size   of   the   M u d d y   is   more  

c o n s i s t e n t   and   a l m o s t   al wa y s   found   to   be   fine   to   ve r y   fine  

s i z e d .

Sh e ll   Creek

The   thick   bl ack   f i s si l e   shale   b e t w e e n   the   M u d d y   and  

the   M o w r y   is   named   the   Sh e l l   Creek   shale   by   E ich er   whi l e  

o t h e r s   call   this   unit   the   Up pe r   Th erm op ol i s.   The   Sh el l  

C r e ek   ranges   in   t h i c kn e ss   form   300   ft   to   200   ft,   thi nn in g  

t ow ard   the   south.   The   b e n t o n i t e   b e d s ,   w h i c h   are   m u c h   more  

s u b s t a n t i a l   in   this   unit   than   b e lo w   it,   av er a ge   two-   to  

t h r e e -f t   thick.   However,   the   s u b s t a n t i a l   be n to n it e   beds  

m a y   be   as   thick   as   nine   ft   ( Eicher,   1962) .   Since  

b e n t o n i t e   beds   are   the   r esu lt   of   r e g i on a l   volcani sm,   they  

are   us ual ly   la t e r a l l y   p e r s i s t e n t   over   e x t r e m e l y   large  

a r e a s .   However,   some   of   the   th inner   b e n t o n i t e   beds   may  

have   p o r t i o n s   e ro d e d   awa y   by   water   c u r r e n t s   after   d e p o -

sition.   This   e r o d e d   b e n t o n i t i c   m a t e r i a l   w as   then   m i xe d  

w i t h   other   c l a s t i c   sediments.   T h i n   o c c a s i o n a l   beds   of  

ir o n st o ne   are   al s o   p r e s e n t   in   the   S h e ll   Creek,   al t h o u g h
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they   c an   be   c o n s i d e r e d   so me w h at   of   a   r a r i t y   in   this   shale  

unit.

M o w r y

The   M o w r y   forms   the   u p p e r m o s t   p o r t i o n   of   the   lower  

C re tac eou s.   Thi s   f o r m a t i o n   is   c o m p o s e d   of   siliceous,  

sil ty   dark   shale   i n t e r b e d d e d   wit h   s i l t s t o n e   and  

bentonite.   The   shales   of   the   M o w r y   are   harder   and   mo re  

s i l i c eo u s   than   th o s e   of   the   un d e r l y i n g   Sh el l   Creek.   These  

s i l i c a - r i c h   shale s   have   the   same   c h e m i c a l   c o m p o s i t i o n   as   a  

s i l i c i f i e d   benton it e.   There   is   a   f a i r l y   rapid   ch an g e   from  

the   soft   She ll   C r ee k   shale   to   the   ha r de r   s i l i c a - r i c h   M o w r y  

shale.   The   t h i c k n e s s   of   the   M o w r y   is   a r o u n d   340   ft   to   370  

ft   ( Moberly,   1962) .

R E G I O N A L   M U D D Y   E Q U I V A L E N T S

E a r l y   d r i l l e r s   in   the   Big   H or n   b a s i n   de v i s e d   the  

ter m   ' Muddy   S a n d s t o n e '   to   de s c r i b e   the   sa n dy   unit   found  

w i t h i n   the   T h e r m o p o l i s   shale.   H i nt z e   (1915)   was   the   first  

to   p u b l i s h   a   d e s c r i p t i o n   of   what   he   te r m e d   the   M u d d y   found  

near   the   G r e y b u l l   area.

Today,   the   la t e r a l   p e r s i s t e n c e   of   the   M u d d y   and   its  

e q u i v a l e n t s   in   the   R o c k y   M o u n t a i n   ba s i ns   are   well  

d o c u m e n t e d   ( Eicher,   1962) .   In   the   w e s t e r n   p o r t i o n   of
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the   ad j o in i ng   Pow d er   Ri ve r   basin,   the   M u d d y   is   c a l l e d   the  

same,   whi le   in   the   east,   it   is   c a l l e d   the   N e w c a s t l e  

sandstone.   In   the   s o u t h e r n   W i l l i s t o n   b a s i n   and   in   the  

Den v e r   basin,   the   M u d d y   is   e q u i v a l e n t   to   p o r t i o n s   of   the  

' J*   s a n d s t o n e .   In   F i g u re   3,   Haun   and   B a r l o w   ( 1962)   sho w  

that   the   M u d d y   is   a c t u a l l y   e q u i v a l e n t   to   the   b a s al   p o r t i o n  

of   the   Ne w c a s t l e   and   the   ' J*   s a n d s t o n e .   S o u t h   of   the   Big  

H or n   basin,   the   M u d d y   was   st ud i ed   in   the   W i n d   River   bas in  

by   W h i t f o r d   ( 1959)  ,   D r e ss e r   ( 1974)   and   G o p i n a t h   ( 1978)  .

In   Figur e   4,   Hau n   and   B a r l o w   ( 1962)   sh o w   the   d i s t r i b u t i o n  

of   the   M u d d y   e q u i v a l e n t s   t h r o u gh o ut   the   st ate   of  

Wyoming.

D E P O S I T I O N A L   H I S T O R Y   O F   THE   M U D D Y  

Pr e vi o us   Th e o r i e s

The   d e p o s i t i o n a l   h i s t o r y   of   the   M u d d y   and   its  

e q u i v a l e n t s   has   bee n   st ud i ed   qu ite   e x t e n s i v e l y   t h r o u g h -

out   m an y   of   the   R o c k y   M o u n t a i n   b a s i n s .   In   par ti c ul a r,  

m a n y   mo r e   recent   st u di e s   have   been   fo cu se d   on   the  

D e n ve r   and   the   Po wd er   Riv er   ba si n s   wh e r e   the   M u dd y  

has   been   a   p r o l i f i c   p r o d u c e r   of   oil   and   g a s .   However,  

w i t h i n   the   Big   H or n   basin,   v e r y   littl e   if   any  

recent   wor k   has   bee n   d i r e c t e d   toward   the   Muddy.   Co l li e r  

( 1922)   was   one   of   the   first   to   s p e c u l a t e   on   the
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S T U D Y   AREA

Figure   4.   Distribution   of   the   Muddy   and   its   equivalents  
in  W y o m i n g .   Modified   from   Haun   and   Barlow,  
1962.
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d e p o s i t i o n a l   h i s t o r y   of   the   M u d d y   or   e q u i v a l e n t   s a n d s to n e s  

in   a   study   of   the   O s a g e   oil   field   in   W e s t o n   County,  

Wyomin g.   He   no te d   that   whi le   the   N e w c a s t l e   c o n t a i n e d  

f r ag m en t s   of   c o a l   and   p e t r i f i e d   wood,   oth er   p o r t i o n s   of  

the   sa nds t on e   not   far   away   d e p o s i t e d   as   a   sa nd y   mud,   e x -

hib it   c h a r a c t e r i s t i c s   of   d e ep e r   water   m a r i n e   depos iti on.

He   c o n c l u d e d   that   the   N e w c a s t l e   s a n ds to n e   was   not   d e -

p o s i t e d   e n t i r e l y   und er   m a r i n e   c o n d i t i o n s   as   p r e v i o u s l y  

thought.

In   a   stu dy   of   the   W y o m i n g   lower   C r e t a c e o u s   fauna,  

C u r r y   ( 1962)   found   that   whi l e   the   S h e l l   Cre ek   and   the  

T h e r m o p o l i s   sh ale s   c o n t a i n   on ly   m a r i n e   fossils,   the   M u d d y  

c o n t a i n e d   no n m a r i n e   as   wel l   as   ma ri n e   fossils.   The  

n o n m a r i n e   fos si ls   are   r e s t ri c te d   to   the   base   of   the   M u d d y  

in   a   pa rt i c u l a r   f ac ies   of   irregular   c l a y s t o n e s   and  

siltstones.   The   n o n m a r i n e   v a r i e t i e s   in cl ude   d o g f i s h   amia,  

be e t le   w i n g s ,   and   a   few   d e l i c a t e   fern   leaves.   Cur ry  

p o i n t s   out   that   w h i l e   some   no n m a r i n e   f os si ls   are   found   in  

a   p a r t i c u l a r   bas al   M u d d y   facies,   the   va st   m a j o r i t y   of   f o s -

sils   found   t h r o u g h o u t   the   M u d d y   are   ma rine.   C u r ry   d r e w   a  

c o r r e l a t i o n   b e t w e e n   the   o c c u r e n c e   of   the   n o n m a r i n e   M u d d y  

facies   and   s a n d s t o n e   d e p o s i t i o n   on   p a l e o t o p o g r a p h i c   highs  

such   as   i s l a n d s .

Eiche r   ( 1962)   b e l i e v e d   that   t h r o u g h o u t   T h e r m o p o l i s
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dep o s it i on ,   the   in te rio r   C r e t a c e o u s   sea   t r a n s g r e s s e d   f r om  

the   no rt h   g i v i n g   w a y   to   c o n t i n u a l l y   d e e p e n i n g   m a r i n e  

c on dit ion s.   This   sea   was   p a r t   of   the   B o r e a l   sea   that  

o p e n e d   up   n o r t h w a r d   into   the   Ar ti e   o c e a n   ( Fi g .   5)   E ic h e r  

g i v e s   p a l e o n t o l o g i c a l   e v i d e n c e   that   the   B o r e a l   sea   w h i c h  

e x t e n d e d   into   W y o m i n g   was   not   c o n n e c t e d   wi th   the   Gulf   sea  

un t il   late   in   T h e r m o p o l i s   time.

W h e n   the   Gul f   sea   t r a n s g r e s s e d   n o r t h w a r d   over   the  

former   d r a in a ge   d i v i d e   so ut h   of   K a n sa s   to   join   the   B o r e a l  

sea,   an   abrup t   c h a n g e   in   d e p o s i t i o n   o c c u r r e d   that   m a r k s  

the   Upper   sha le' s   base   in   the   Th erm op ol i s .   At   the   c l o se  

of   the   T h er m op o li s ,   the   seas   regressed,   leaving   an  

"e x t re m el y   uniform,   l o w - r e l i e f   se dim e nt   su rf ac e   formed  

over   a   large   p a r t   of   the   w e s t e r n   in te rio r. "   Ei c he r  

a t t r i b u t e s   the   su dd en   la te r al   facies   c h a n g e s   and   v a r io us  

f os sil   a s s e m b l a g e s   of   the   M u d d y   to   a   v a r i e t y   of   local  

s h a l l o w - w a t e r   e n v i r o n me n ts .   W i t h i n   the   Big   Horn   b a s i n ,  

he   as s ig n s   the   thi ck   M u d d y   b od ies   p r i m a r i l y   to   bar  

de p o si tio n.   H o w e v e r ,   at   some   Big   Hor n   l o c a l i t i e s   near  

the   ba s i n   ma rgin,   he   did   note   e x t e n s i v e   local   er o s i o n  

of   the   T h e r m o p o l i s   Up pe r   shale,   i n di c at i ng   p o s s i b l e   M u d d y  

cha n n el i ng .   E i c h e r   also   r e c o g ni z e d   that   the   M u d d y  

and   Sh e ll   Cre ek   shale   are   rich   in   b e n t o n i t e   wh ile  

the   T h e r m o p o l i s   sh a le   is   not.   He   r el a te s   the
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BOREAL

GULF   SEA

Figure   5.   Boreal   sea   transgressed   from   the   north   during  
early   Thermopolis   time.   Modified   from  Wulf,  
1962.
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b e n t o n i t e   c o n t e n t   to   an   " impor tan t   o u t b u r s t   of   v o l c a ni c  

a c t i v i t y   a p p a r e n t l y   c o i n c i d e n t   wit h   the   upli ft   of   the   d e -

p o s i t i o n a l   ba si n   and   the   influx   of   c o a rs e r   M u d d y   s e d i -

me n t s. "   Ei c he r   b e l i e v e d   that   the   g r a d a t i o n a l   c o n t a c t  

b e t w e e n   the   M u d d y   and   the   S h e l l   Creek   shale   was   the   result  

of   c o n t i n u o u s   d e p o s i t i o n   in   a   d e e p e n i n g   B o r e a l   sea   that  

t r a n s g r e s s e d   fr om   the   north.   As   the   sea   b e cam e   deeper,  

shale   d e p o s i t i o n   o c c u r r e d   in   c o n d i t i o n s   similar   to   those  

of   T h e r m o p o l i s   time.

In   a   stu dy   of   N e w c a s t l e   o u t c ro p s   in   W e s t o n   County,  

Wy o mi n g,   Bak er   ( 1962)   su gg e s ts   that   the   lower   p o r t i o n   of  

the   M u d d y   was   d e p o s i t e d   as   a   n o n m a r in e   ( alluvial)   plain.  

Ba k er   su m m a r i z e d   the   e ve nts   for   this   M u d d y   d e p o s i t i o n a l  

m o d e l   as   follows:

1)   Ve r y   fast   r e g r e s s i o n   of   lower   C r e t a c e o u s   sea  

lea di ng   to   an   a br u p t   t e r m i n a t i o n   of   the   Sk ull  

Cre ek   sha le   ( Th ermopolis   equivalent)

2)   S u b a e r i a l   e x p o s u r e   of   the   Sk ul l   Creek   shale   r e -

sults   in   v a l l e y - l i k e   e r o s i o n a l   t o p o g r a p h y ,

3)   Lower   N e w c a s t l e   d e p o s i t i o n   o c c ur s   as   an   influx  

of   n o n m a r i n e   se d i m e n t s   fills   in   the   v a l l e y - l i k e  

e r o s i o n a l   d e p r e s s i o n s   and   c o n t i n u e s   to   build   up  

as   a l l u v i a l   p l a i n   deposits,
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4)   Rise   in   the   C r e t a c e o u s   sea   le ve l   re sults   in   d e -

p o s i t i o n   of   the   upper   p o r t i o n   of   the   N e w c a s t l e  

as   a   m a r i n e   t r a n s g r e s s i v e   she et   s a n d s t o n e ,

5)   R e t u r n   to   m a r i n e   shale   d e p o s i t i o n   ( Nefsy   shale,  

e q u i v a l e n t   to   S h el l   Creek   shale)   as   sea   level  

c o n t i n u e d   to   rise.

Ba ke r   gi ve s   the   f o l l o w in g   ev i d e n c e   in   favor   of   a  

n o n m a r i n e   al l u v i a l   o r i g i n   for   the   N e w c a s t l e   in   his   p a r t i -

cu la r   st u dy   area  :

1)   The   N e w c a s t l e   f or m a t i o n   has   a   1  sharp,   non-  

t r a n s i t i o n a l ,   e r o s i o n a l   c o n t a c t   w i t h   the   u n d e r -

lying   S k ul l   Cr ee k   shale  1,

2)   The   o v e r - a l l   shape   of   the   s an d s t o n e   is   l e n t i -

cular   in   c r o s s - s e c t i o n   and   el o n g a t e   in   a   s o u t h -

west   d i re c ti o n ,   similar   in   a p p e a r a n c e   to   a  

s a n d - f i l l e d   e r o s i o n a l   valley,

3)   Pr es en c e   of   m a n y   ty p i c a l l y   n o n - m a r i n e   facies  

such   as   c a r b o n a c e o u s   mud   rocks   and   s a n d s t o n e ,  

coal   seams,   and   c h a n n e l - f i l l   s a n d s t o n e s   that  

c o n t a i n   m a n y   t e r r e s t r i a l   p l a n t   remains   but   no  

m a r i n e   fossils,

4)   The   e x t r e m e   la te r a l   v a r i a b i l i t y   in   d e p o s i t i o n a l  

p a t t e r n s   and   ev i d e n c e   of   c h a n n e l i n g   and   bed  

t r u n c a t i o n   are   m o r e   in d ic a t iv e   of   a   n o n - m a r i n e
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th an   a   m a r i n e   e n v i r o n m e n t ,

5)   Pr es en c e   of   t y p i c a l l y   n o n - m a r i n e   s ed i m e n t a r y

s t r u c t u r e s   such   as   mu dc ra c ks ,   slu mp   st ruc tures,  

roots,   and   in- pla ce   plants.

Ba ker   o b s e r v e d   that   the   th i c k e s t   and   best   d e v e l o p e d  

N e w c a s t l e   d e p o s i t s   o c c u r   w h er e   the   p r e - N e w c a s t l e   e r o s i o n  

cut   de e p e s t   into   the   S k ul l   Creek   shale.   He   went   on   to  

su g ge s t   that   the   d e e p e r   e r o s i o n a l   v a l l e y - l i k e   features  

o c c u r r e d   along   p r e - e x i s t i n g   to po g r a p h i c   lows   such   as   areas  

of   maj or   dra inage.   B a k e r   do es   not   a t t e m p t   to   ext en d   the  

N e w c a s t l e   n o n - m a r i n e   a l l u v i a l   p l a i n   f ac ie s   w e s t w a r d   to  

incl ud e   the   Big   H or n   basin.   Instead   he   s p e c ul a t es   that  

there   m a y   be   a   w e s t w a r d   la t era l   t r a n s i t i o n   to   m a r g i n  

m a r i n e   ( delta   p l a i n   d e p o s i t s ) ,   and   p o s s i b l y   c o m p l e t e l y  

m a r i n e   d e p o s i t s   in   Wy om in g .   Ba k e r ' s   o b s e r v a t i o n s   of   the  

N e w c a s t l e   ( Muddy)   d i f f e r   from   those   of   Eic h er   on   two  

points.   First,   B a ke r   found   on ly   sha rp   c o n t a c t s   b e t we e n  

the   N e w c a s t l e   and   the   u n d e r l y i n g   Sku ll   Cree k   whi le   Ei che r  

o b s e r v e d   both   shar p   and   g r a d a t i o n a l   c o n t a c t s   at   the   base  

of   the   Muddy.   Se cond,   Ei c h e r   c l a i m e d   to   find   both   m a r i n e  

and   n o n - m a ri n e   f o ss il s   in   the   M u d d y   w h i l e   Ba ke r   only  

found   n o n - m a r i n e   fossils.   T h es e   two   p o i n t s   of   d i s -

c r e p a n c y   are   p r o b a b l y   rel at ed   to   the   fact   that   Ba k e r ' s  

stu dy   was   c o n f i n e d   to   his   are a   in   e a s t e r n   Powder   River
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b a si n   whi le   E i c h e r 1s   work   c o n c e r n e d   al mo s t   all   of   W y o m i n g  

w i t h   sp ecial   e m p h a s i s   on   N o r t h e r n   Big   Horn   basin.

The   most   e x t e n s i v e   wor k   that   c o n c e r n e d   the   M u d d y   in  

the   Big   Hor n   b a s i n   w a s   that   of   R i c h a r d   Pauli   in   1957.

Pau li   m a pp e d   in   d e t a i l   the   l i t h o l o g y ,   s e d i m e n t a r y   s t r u c -

tures  ,   and   m i n e r a l o g y   for   the   T h e r m o p o l i s ,   M u d d y , and   She ll  

Cre e k   in terval   at   35   o u t c r o p   lo c at i o ns   along   the   outer  

edge   of   the   Big   H o r n   basin.   He   b e l i e v e d   that   the   M u d d y  

and   its   e q u i v a l e n t s   in   the   R o ck y   M o u n t a i n   ba sin s   are   the  

r esu lt   of   a   t e c t o n i c   d i s t u r b a n c e   of   the   s e di m en t   source  

area.   This   te c to n i c   p u l s a t i o n   c a us e d   the   M u d d y   source  

area   to   shed   large   a m o u n t s   of   co a rs e r   g r a i n e d   s e di m en t s  

into   the   s h a l lo w   C r e t a c e o u s   seaway.   As   the   influx   of  

s ed i me n t   fille d   the   s h a l l o w   s e a ,   s ub s i d e n c e   o c c u r r e d   at   a  

rate   s u f fi c ie n t   to   a l l o w   for   the   s o r t i n g ,   w i n n o w i n g   and  

d i s t r i b u t i o n   of   the   s e d i m e n t s   over   a   ve r y   large   area.

Pau li   c l ai m s   that   this   si t u a t i o n   set   the   stage   for   a   large  

v a r i e t y   of   s e d i m e n t a r y   e n v i r o n m e n t s   to   p r e v a i l   w i t h i n   a  

c l os e   p r o x i m i t y   to   one   another.   In   fact,   Pauli   as se r t s  

that   there   are   five   d i f f e r e n t   d e p o s i t i o n a l   e n v i r o n m e n t s  

r es p on s ib l e   for   the   M u d d y   in   the   Big   Ho rn   ba si n   ( F ig .   6).  

He   be l i e v e d   that   the   in iti al   influx   of   the   M u d d y   c l a s t i c  

m a t e r i a l   into   the   Big   Horn   ba si n   was   d e p o s i t e d   in   a
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M e   App ro *,   locotion   o f   s tr at ig r ap h ie   se ction s  

#   C ho ro ct e rit tic   f a c ie s   section.

W   Y   0   M   I   N   G   ^  "14   T h eo re ti ca l   li m i t s   o f   dsitoic   f a c ie s

Th eo ret ica l   l i m - t s  o f   r e ' i t i c   fo ci es  

C D   Th eo ret ical   ar eas   o f   beach   a n d / o r   beck   ba r   fa c ie s  

r m   Th eo ret ica l   ar eas   o f   bar   sand   f a c ie s

Th eo ret ica l   l i m i t s   o f   l o c o l,   l o w - l y i n g   le n d

Pauli,   1957.
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d e l t a i c   en vi ron m en t .   This   facies   is   c h a r a c t e r i z e d   by   fine  

q u a rt z   sand   fl oa t i ng   in   a   m a t r i x   of   benton it e.   The   m a s -

sive   beds   of   salt   and   p e pp e r   sa nds t on e   are   o c c a s i o n a l l y  

se p a r a t e d   by   v e r y   th i n   shale   layers   and   c o n g l o m e r a t i c   or  

c o a r s e - g r a i n e d   lenses.   This   facies   a v e r a g e d   25-30   ft  

thick   and   is   a l m o s t   al w ay s   void   of   any   true   b e d d in g   i m -

p l y i n g   a   very   rapid   type   of   de pos iti on.   C o n t r a r y   to  

B a k e r ' s   f i n d i n g ,   Pa u li   o b s e r v e d   both   g r a d a t i o n a l   and   sharp  

c o n t a c t s   b e t w e e n   the   base   of   the   M u d d y   and   the   T h e r m o p o l i s  

s h a l e ,   a l t h o u g h   the   a b r u p t   co n t a c t s   are   mo re   c o m m o n   for  

the   de lt a i c   facies.   Pa ul i   b e l i ev e d   that   the   other   four  

d e s i g n a t e d   f aci es  :   1)   bar   facies,   2)   b a c k - b a r   and   beach,

3)   c y c l i c - a l t e r n a t i n g   c o n t i ne n ta l ,   littoral,   and   m a ri n e  

f a c i e s ,   and   4)   n e r i t i c   facie s   were   all   d e p o s i t e d   after   the  

o c c u r r e n c e   of   the   d e l t a i c   facies   and   r e s ul t ed   fro m   the  

re wo r ki n g   of   d e l t a i c   se diments.   The ref ore ,   the   d e l t a i c  

facies   "c on trols   and   d e t e r m i n e s   the   l o c a t i o n   and  

d e p o s i t i o n a l   e n v i r o n m e n t s   of   all   other   facies   types",  

c l a i m s   Pauli.   He   g i v e s   two   types   of   e v i d e n c e   to   s up po rt  

his   statement.   First,   the   de lt ai c   s e d i m e n t s   are   less  

m a t u r e   than   those   of   the   other   four   facies.   The   de l t a i c  

facies   c o n t a i n   m o r e   feldspar,   a   s l i g h t l y   larger   g r a i n  

size,   and   m u c h   mor e   b e n t o n i t e   and   b i o ti t e   tha n   the   other  

four   facies.   S ec ond ly,   the   de l ta i c   fa cie s   a l mos t
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a l w ay s   is   lo c a te d   at   the   base   of   the   M u d d y   s e c t i o n ,  

s t r a t i g r a p h i c a l l y   b e l o w   oth er   f a c i e s ,   if   it   oc c ur s   at  

all.   At   m a n y   l o c a t i o n s ,   Pauli   cl ai m s   that   the   thi cke r  

d e l t a i c   s e d i m en t s   w e r e   d e p o s i t e d   in   s c o u r s ,   or   c h a n n e l s  

e r o d e d   into   the   T h e r m o p o l i s   shale.

L i t h o l o g i e   c o l u m n s   of   the   d e l t a i c   facies   as   we ll   as  

the   four   other   facie s   that   Pauli   c l a i m s   to   ob s er v e   in   the  

Big   Horn   bas in   are   sh o wn   in   F i g u r es   7   and   8.   Each   of   the  

e x a m p l e   c o l u mn s   r e p r e s e n t   o n l y   a   singl e   facies.   H o w e v e r ,  

as   Pauli   p o i n t s   o u t ,   o f t e n   a   single   o u t c r o p   will   e x h i b i t   a  

c o m b i n a t i o n   of   facies   wi t h   the   d e l ta ic   d e p o s i t s   c o m p r i s i n g  

the   ba sa l   p o r t i o n   of   the   M u d d y   and   one   of   mo r e   of   the  

other   facies   for min g   the   rema in der   of   the   M u d d y   section.

In   one   of   the   m o r e   recent   s tu di es   of   the   Muddy,  

L a r be r g   ( 1981)   e x a m i n e d   c o r e s   and   logs   fro m   wel l s   near  

K i t t y   field   in   the   Po w d er   Ri ve r   ba s i n   of   W y o m i n g .

He   was   able   to   d e f i n e   four   s epa rat e   and   r e c o g -

n i z a b l e   zones   w i t h i n   the   M u d d y   interval.   Fig u re   9  

sho ws   Larb erg  *  s   four   M u d d y   zones   i nt e r p r e t e d   from  

a   w el l   log   in   K i t t y   Field.   He   b e l i e v e d   that   the   en t i re  

M u d d y   inter va l   r e p r e s e n t s   an   o v e ra ll   t r a n s g r e s s i o n  

of   the   lower   C r e t a c e o u s   s e a .   The   l o w e r m o s t   zone  

( four)   is   i n t e r p r e t e d   as   flu vi al   c h a n n e l   sa n d s t o n e s  

d e p o s i t e d   in   n a r r o w   s i n uo u s   belts.   Th ese
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P O T A T O   R I D G E   -   S E C T I O N   7   -   S W   1 /4   S E C   2 9  

T   5 2   N   -   R   91   W.

S P R I N G   C R E E K   -   S E C T I O N   13   -   C   S W   1 /4   N E V A  
S E C   14   T   4 6   N   -   R   6 6   W

E a o m p le   o f   B o r   F o c ie s
E s o m p le   o f   A l t e r n o i i n ç   C e n f in e n i o l,  

L  i f  f o r e  I ,   e n d   M o n n e   Fo ci e s

S W e .   No ct i   d oye y,  
n s jd   e ro d P d   g re y   d o y

em n ers   so
Occasional

Se,   eOy,   b o m *   a r b o r   f r o y n e n t t  
Ss.   f h r -o e d d e o .  t g ,   l e d * *   e o o w n g  
Ss ,   b w w i ,   siity   w«h   c a W e e d

S s,   n * g j * r   mod   OedOed,   erbd,  
b n s a s t r   Pec   sorted,   v w y  f g   s u bm gu br  
qfz   6 0 »   Chert   b i d   rore   p e g  o t i o s e  
g ra n s   Fnobe,   nery   p b o u t   and   a e t r  
U P ®   bed   cornons   round   eon   ond e  
c c r a e li c n s   a i m   hcdow   cente rs.

Stat,  K gnt ic   b t d   b f f y .

S t   rregusor   mo d   bedded   W  
SuCxnguio,   f g   q tz   «*fh   d o *   Chen  
end   r o e   o o y x t o t r   g ro ns   FnoOe,  
cteor.   p o o u t   Few   leof   f o s s e  
Some   o r t d

S s ,   t t w i   bedded,   l o r e  mee t   f g   gtz  
t e in   OOc*   cnen   n   o   b o i t o u t i c   m o t o  
f t r t s b y   c w e r t d   S * # » y   eon   s t o r e d  
Gradotion   f r o m   below   m a n e d   by  
decrease   m   merbedded   Mock   Shale  
B e e s   and   P m g r s

S h o p   e t y .   Mac*,   f i s *   « e a rn e r s   t o  
« a y   n v id   cracked   do y   O cc oe c n d  
i h n   P m o m e   bed s   e n d   d o y

20

Shots   Wadi,   f a *   W e o e w s   t o   gray  
mud   b a c k e d   b e n t s n t c   day.

Sha%   w e e k   t d t y   e ttn   t t s n   g m t e n e   t e e *

S s,   re  es tant,   th o b e.   v re g u t b   mad   b e d W  
F o r   s b t n g ,   good   p a o e i y ,   crbd,   t o n  
end   papow,   f g ,   o n « k b ,   prdsc   qtz   D o r*  
c h e r t   end   ro re   p b g ej ck ae   RpWed  

«per   e b f o c e

S e,   b m n w e d ,   t t b i   beddbd  

l ̂  i e e e cr t,   m e d o e d   p o ® v   t b t e d   b e p rs kc  

Ss   peony   sort,   t g , e b t .   b b y ,   tom   o f   C   ehbe  

Ss,   e a t ,   reeesont   ptoty,   b o m e n   esomed

g d s ^ f t o * ,   eWx   b e n to n ec   P b t W y

Ss,   cetc,   e t y ,   neco c e n u t .   b u f f   T N n  
W e r t e dded   w o e *   s t * .

Srffsfone,   shaly   bedded,   ca rb o n

ed

ad

S$^   t b y   r e d d i *   we othe mg

meg  bedded,   0 # %   ode 2d
Shota  Woe*   siit y,   fas il e   H ^ t y   ca rbonaceous  
some   p k r f   fragments   Grades   up   t o   sandy  
t g i m c   c o d
Ss,   tonsmg.   masswe   bedded,   e ngu kr .   wed  
s o rte d   qtz   w i n   few   f e d s p b   b i d   b o t '  te  
« a n s   b s p f y   c a t  ,   De mo ni c   ctoy   'makns

Ss,   tonsng.   Pity,   t g ,   fn e ty   b b d ,   b wi   H e r -  
beds   o f   carbonaceous   shore   Some   toot

S hde ,  Woe*.   e#y,   wWh   c a r t x r   and   plant  
f ra gm en ts   Grades   u s x r c   n t o   frw i   carbon  
( g - m g   ctoyey.   eand   anaes   end   frsn  
terrsnated   b * y   ss   beds

9 * .   ekty,   Wad i,   frssde   toe  others   so   gra y  
m i d   b a c h e d   d o y.

F i g u r e   7.   E x a m p l e s   of   bar   f ac ies   and   a l t e r n a t i n g
c o n t i n e n t a l ,   littoral,   and   m a r i n e   facies   in  
the   Bi g   H o r n   b a s i n   as   d e f i n e d   by   Pauli,   1957.
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E i o m p i e   o f   D e i t o i c   F o c ie s
E s o m p l e   o f   N e r i t i c   F o c ie s Esomple   o f   B e c k - b o r   Focies

_

ShnN   block,   silt y,   — om er s   to  
" x x )   c ro c ke d   g ra y   day.

s sr a r »
S s ,   k g r x x ,   s # y

S t ,   med   y ,   leof   f o s s il   d e n   f t o g  
L> »W ,   braextoh,   sandy,   m l t i  
OXOor  fr o y n e n ls

Ss,   masswe   ir re g  
poo rly   cemenied   interbedded  
f h n   lenses  ana  s lr n g e r s   o f  
block   s h o t   Poorly   sorted,   med  
f  g   subong   gfz,   otsmddre  
Btogmctost   t s o k i t   and   d o r k   ,  
cher  f   y ons   f o o f n g   m   a   b e n t o n r ii c ®  
m o * r«   Send   bec omes   f n e r   t o  
to   top   L o c o i   lenses   o f   r e s t a n t  
COCTMUS,   skgMty   c o n g ,   c r b d  
reddish   t o t h e n n g   ss,   near   the  
to p   Lenses   c a m » r  o c c o s kt 'o i 
d   H v h n i x x   so   and   Cr  PC  odvl  us   sp

o  « a

Few   carbon   fro gm ent s   L » g e  
c c t o c r v e d   bronch   c r o s s - c u t s  
b e d d n g   at   th e   base

Shale,   bock ,   edfy

B e n t o m i t   Olty,   white

S h a f t   b t o * .   siity,   f i s e i e  
Weathers   to   n x jd   c ro c k e d  
bentomhc   ctoy

S h d t   m o d i   eWy   w e o e w s  
t o   " t o d   cro cked   y a y   d o y

S k t s t a n t   crbd,   b r o w n * ,  
e t f f b e d d e d   with   block,   sitty,  
fi s s il e   s h o e

Shoto   bl oc k ,   f i s e i e .

S s ,   cd co r e a u s,   e d f * d   pepper

Shoe,   btoeh,   ettty,   hssxe.   wi th  
t t x n   bent  o n  le   bed s

$  m

Concret  tons   catcoeous,   t r ow n * ,  
t o t s il if   Some  a n  o   c oou no  
o f   peiecypod   remom   n c l x j m g
k c c f o r n u s   SP   o n g   o th e r   c la m  
f r a g m e n t s   A l l   c o n t a i n   on g   q tz  
m   c a r b o n a t e   m o ' r n   i n t e r -  
b ed de d   w i t h   p i o c k ,   f i s s i e   s h o i e w j  
a n d   i h m , s i i t y , c r b d , s s   b e d s

Shoe,   block,   sitty.   f is s ie  
we otf r s   t o   " t o d   crocked  
bentarwtc   ctoy.

Shto s   block.   Silty,   weathers  
t o   mud   cracked   g re y   ctoy

S s ,   sOy,   brownet  
C Ur tu i   rr ag rrw rfL  
C o d y   s h o e

S s ,   h y i t i c .  black,   e b y   O td s  
A b o t d e e  oof  m o r es   a nd  
d o n t   st em s   Porkcdy

S s,   I hm -m e d   bedded   with  
nte rt ed   thm   ligrtrtic   shde   and  
b lock   m a te   st rm g e rs   Qtz  
su h r a m d   t g ,   s o n s   angular  
dar k   c t w i   y e n s   Soto   »  
c»<rm  ce’ ter   s a t e d   and  
f i n e   g ra n e f f   to   top   Cr bd  ?ri  
f h r o u y o u t   Fee   nppwo   b e d s   ^

C o n d o m e W d   ch e r t   et  
gypeferau s   s e

Shoes  black,   srtty,   f i s s t o  
Wsott w s   t o   " t o d   cro cke d  
b e r n a n t e   ctoy.

F i g u r e   8.   E x a m p l e s   of   del tai c,   neriti c,   and   ba ck- ba r  
f a c ie s   in   the   Big   H o r n   b a s i n   as   d e f i n e d   by  
Pauli,   1957.
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F i g u r e   9.

Chevron   # 7   Simpson  

3 3   T 5 1 N   R 7 3 W

S P R e s i s t i v i t y

6 0
<D
C
o
N

Fou r   zones   of   the   M u d d y   f ro m   a   w e ll   in   the
K i t t y   fi el d   of   the   P o wde r   R i v er   basin.  
M o d i f i e d   f r o m   L a r b e r g ,   1981.
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s a n d s t o n e s   were   d e p o s i t e d   in   t op o g r a p h i c   lows   atop   the   un-  

c o n f o r m a b l e   Sku l l   C r e e k   surface.   Zo nes   two   and   three   are  

i n t er p re t ed   as   st r an d   line   d e p o s i t s   that   were   c o n t i n u a l l y  

re w o rk e d   by   the   t r a n s g r e s s i n g   sea.   Zone   one,   w h i c h   c o n -

sists   of   s il t s t o n e s   and   m u ds ton es,   is   b e l i e v e d   to   r e p r e -

sent   s li g h tl y   d e e p e r   wa t er   de p o s i t s   b e y o n d   the   strand  

p l a i n   j ust   pr io r   to   an   a b r up t   t r a n s g r e s s i v e   surge   that  

s t a r t ed   d e e p - w a t e r   shale   de po s it ion .   A l t h o u g h   La r b e r g ' s  

d e p o s i t i o n a l   m o d el   is   c o n s t r u c t e d   for   a   small   and   s pe c i fi c  

area,   it   does   p r e s e n t   a   ve r y   p l a u s i b l e   s ce n a r i o   to   e x p l a i n  

re gi on a l   d e p o s i t i o n   of   the   M u d d y   interval.

W h i l e   m a n y   p e o p l e   in   the   pa st   have   n o t i ce d   that  

th i ck er   basal   M u d d y   d e p o s i t s   seem   to   oc cur   or   fill -in  

p a l e o t o p o g r a p h i c   lows   in   the   u n d e rl y in g   S k ul l   Cr ee k   shale,  

u n t i l   re cen tly   very   little   has   been   w r i t t e n   c o n c e r n i n g   the  

c a u s e   of   these   t o p o g r a p h i c   feature s   on   a   t yp i c a l l y   low  

re li ef   mar i ne   shale   surface.   W ei m e r   and   S o n n e n b e r g  

( 1982)   rel at ed   c h a n g e s   in   the   ' J*   s a n d s t o n e   t h i c kn e ss  

to   b a s e m e n t   bl oc k   m o v e m e n t   in   the   D e nv e r   basin.   Their  

g e o l o g i c   m o d e l   for   the   ' J 1   s a nd s to n e   c a n   be   su m m a r i z e d  

as   follows:   A   r e g r e s s i o n   of   the   e a r ly   C r e t a c e o u s   sea

that   m a r k e d   the   b e g i n n i n g   of   M u d d y   time   is   r e s p o n s i b l e   for  

s h o r el in e   and   s h a l l o w   m a r i n e   san ds t on e   de po s it ion .

The s e   ea rl y   M u d d y   d e p o s i t s   have   a   c o n f o r m a b l e
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and   g r a d a t i o n a l   c o n t a c t   w i t h   the   S k ul l   Creek   shale.   T h e s e  

re g re s si v e   s a n d s t o n e s   are   also   very   fine-   to   fine-   g r a i n e d  

and   i n t er p re t ed   to   be   d e l t a   front,   shoreline,   and   m a r i n e  

bar   sandstones.   yW e i m e r   and   S o n n e n b e r g   be li ev e   that   sl ig h t  

m o v e m e n t s   of   b a s e m e n t   block   faults   in   C r e t a c e o u s   time  

i nf l u e n c e d   the   M u d d y   s e d i m e n t a t i o n   such   that   rivers   and  

a s s o c i a t e d   de l ta s   of   the   lower   M u d d y   we r e   p o s i t i o n e d   in  

t o p o g r a p h i c   lows   or   grabens. "   T o p o g r a p h i c   highs,  

s i t ua t ed   over   b a s e m e n t   ho rs t   s tr uct ure s,   re ce iv e d   M u d d y  

s e d im e nt s   from   d e l t a   m a r g i n   and   i n t e r d e l t a i c   e n v i r o n -

m e n t s   The   re s ul t in g   r e g r es s iv e   s e d i m e n t s   were   la t e r a l l y  

vari abl e,   ye t   p e r s i s t e n t .   At   this   point,   a   further   dr op  

in   sea   level   c a u s e d   all   or   mo s t   of   the   e x i st i n g   d e p o s i t i o n  

b a s in   to   be   e x p o s e d   and   drained.   E r o s i o n   o c c u r r e d   along  

the   to p o g r a p h i c   lows   ( i. e. ,   s tr u c t u r a l   grabens)   where  

rivers   existed,   r e s u l t i n g   in   d e e p   v a l l e y   i nc i se m en t   into  

p o r t i o n s   of   the   r e g r e s s i v e   M u d d y   and   e v e n   into   the  

u n d e r l y i n g   Sk ul l   C r e e k   s h a l e .   W e i m e r   and   S o n n en b er g  

relat e   this   lo we ri n g   of   the   ea rl y   C r e t a c e o u s   sea   to   a  

w o r l d w i d e   sea   leve l   d r o p   r e p or t ed   by   Va i l   ( 1977)   o c c u r r i n g  

a p p r o x i m a t e l y   97   m i l l i o n   y e a r s   befo re   the   present.   N e x t ,  

a   rise   in   sea   le ve l   occ ur r ed ,   c a u s i n g   the   incised   v a l l ey s  

to   be   m o d i f i e d   and   fi ll e d   w i t h   f lu vi al   and   e st u a r i n e   s e d i -

ments.   The se   v a l l e y - f i l l   d e p o s i t s   are   c h a r a c t e r i z e d   as



T-2742 30

fine-   to   m e d i u m - g r a i n e d ,   c r o s s - s t r a t i f i e d ,   and   well-  

sorted.   A c c o r d i n g   to   W e i m e r   and   So n ne n be r g,   the   o r i g i n   of  

these   s ed i m en t s   v a ri e s   from   al l u v i a l   p l a i n   to   t r a n s i t i o n a l  

dep osits.   A   c o n t i n u e d   rise   in   sea   level   c o u p l e d   wit h  

re n ew ed   fault   blo ck   m o v e m e n t   re sul ted   in   e r o s i o n   of   st rat a  

from   the   top   of   the   ho rs t   block   and   d e p o s i t i o n   of   a   thin  

w i d e s p r e a d   c o n g l o m e r a t e   t r a n s g r e s s i v e   lag   p o s i t i o n e d   over  

the   hor st   blo ck   on   the   u n c o n f o r m a b l e   surface.   Later,   m a -

rine   s i lts ton e   and   shale   d e p o s i t i o n   p r e d o m i n a t e d   t h r o u g h -

out   the   area   as   sea   level   c o n t i n u e d   to   rise,   bri ngi ng  

M u d d y   d e p o s i t i o n   to   a   close.

There   are   two   m a j or   d i f f e r e n c e s   b e t w e e n   this   g e o -

logic   m o d el   and   th ose   m o d e l s   p r e v i o u s l y   dis cus sed .   First,  

this   m o d el   re l ate s   the   M u d d y   d e p o s i t i o n a l   p a t t e r n s   to   dee p  

ba s e m e n t   block   faulting.   Second,   in   this   model,   the   first  

s a n d st o ne   d e p o s i t e d   ( regressive   sandstone)   is   finer-  

g r a i n e d   and   i nf l u e n c e d   mor e   by   m a r i n e   c o n d i t i o n s   than   the  

later   v a l l e y - f i l l   s an dst one s.   However,   it   should   be   no te d  

that   the   v a l l e y - f i l l   s an d s t o n e s   ma y   lo c a l l y   be   s t r a t i -

g r a p h i c a l l y   lower   th an   the   e a rl ier   m a r i n e   s a nd s to n es   since  

the   va ll eys   were   inc ise d   into   Sk ul l   Cre e k   shale   in   some   of  

the   t o p o g r a p h i c a l l y   lower   locations.

In   a   mor e   re ce n t   a r t ic l e   by   W e i m e r   et   al.   ( 1983) ,  

ev i d e n c e   i n d ic a te s   the   p r e s e n c e   of   v a l l e y - f i l l   s a n d st o ne s
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and   m a r g i n a l   m a r i n e   d e p o s i t s   in   the   N e w c a s t l e   f o r m a t i o n   of  

e a s t e r n   Powder   Riv e r   basin.   I so pac h   d a t a   for   lower   C r e t a -

c e o u s   time   s t r a t i g r a p h i e   i n ter val s   indic ate s   that   r e c u r -

rent   m o v e m e n t   of   b a s e m e n t   fault   bl o ck s   in fl ue n ce d   the  

p o s i t i o n i n g   and   t h i c k n e s s   of   these   s e d i m e n t a r y   facie s  

w i t h i n   the   N e wc ast le.   Thi s   paper   also   re ve al s   that  

s ei sm ic   respo nse   a m p l i t u d e   can   be   used   to   id en ti f y   net  

s a n d s t o n e   c o n t e n t   w i t h i n   the   N e w c a s t l e   formation.

W e l l   Log   A na l y s i s

The   study   are a   in   s o u t h e a s t   Big   H o r n   ba sin   c o n t a i n s  

n u m e r o u s   oil   and   gas   we ll s   that   p e n e t r a t e   the   lower   C r e t a -

c e o u s   interval.   E i g h t y   of   the   wel ls   that   wer e   logged  

t h r ou g h   the   M u d d y   in te rv a l   wer e   used   to   e x a m in e   its   s t r a -

t i g r ap h ie   and   s t r u c t u r a l   pr o pe rt ie s.   The   l o c a ti o ns   of  

th ese   w e ll s   are   sh own   in   F i g u r e   10.   W h i l e   no   singl e   type  

of   log   was   run   t h r o u g h o u t   all   80   w e l l s ,   c o m b i n a t i o n s   of  

g a m m a   ray,   S. P. ,   and   r e s i s t i v i t y   logs   wer e   d e e m e d   a d e qu a te  

to   p r o v i d e   c o n s i s t e n t   and   a cc u r a t e   m e a s u r e m e n t s   for   use   in  

m o s t   of   this   study.

The   p r i m a r y   p u r p o s e   of   this   well   log   an a l y s i s   was   to  

d e t e r m i n e   c e r t a i n   p r o p e r t i e s   of   the   M u d d y   w i t h i n   the   study  

area.   The   q u a n t i t a t i v e   m e a s u r e m e n t s   were   thickness,  

ve locity,   and   d e p t h   b e l o w   surface.   The   q u a l i t a t i v e
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p r o p e r t i e s   of   the   M u d d y   that   wer e   st u d ie d   include   the   type  

of   be d din g   ( thin   v e r s u s   massive)   and   the   c o n d i t i o n s   of   the  

upper   and   lower   c on tac ts.   The   data   fro m   the   we l l   logs  

we re   used   in   c o n j u n c t i o n   w i t h   the   o n e - d i m e n s i o n a l   s y n -

th et i c   se ismic   m o d e l s   to   d e t e r m i n e   ho w   v a r i a t i o n s   in  

g e o l o g y   affec t   the   M u d d y ' s   se ismic   response.

A   s e c on da r y   p u r p o s e   for   the   we ll   log   a n a l y si s   was   to  

e x t r a c t   i n f o r m a t i o n   f ro m   the   logs   for   use   in   d e f i n i n g   d e -

p o s i t i o n a l   p a t t e r n s   w i t h i n   the   Muddy.   For   this   p u r p o s e ,  

the   p a l e o t o p o g r a p h y   of   the   M u d d y   was   e x a m i n e d ,   the   M u d d y  

was   su b di v id e d   into   g e n e t i c   units,   and   each   of   these   g e -

ne tic   units   was   isopached.   O n ly   the   g a m m a   ray   logs   were  

use d   to   s ub d iv i de   the   M u d d y   into   d i f f e r i n g   s a n d st on e s   and  

c o r r e l a t e   these   s a n d s t o n e s   from   well   to   well.   The   S. P.  

and   r es i s t i v i t y   logs   wer e   not   c o n s i s t e n t   e n o u g h   to   be   used  

for   this   t a s k .

S t r u c t u r e .   The   p r e s e n t   day   s t r u c t u r e   of   the   M u d d y  

was   c a l c u l a t e d   using   the   base   of   the   M u d d y   as   a  

reference.   F i g u r e   11   is   a   c o n t o u r e d   m ap   for   d e p t h   of   the  

M u d d y   re lat ive   to   sea   level.   The   la r g es t   s t r u c t u r a l   g r a -

d i e n t   found   for   the   M u d d y   is   in   the   e x t r e m e   wes t   of   the  

st udy   area   wh ere   the   s t r u c t u r a l   dip   is   a p p r o x i m a t e l y   14  

degrees.   It   was   i m p o r t a n t   to   de f i n e   the   g r e a t e s t
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st r u c t u r a l   d ip   for   the   M u d d y   so   that   it   c o u l d   be   j u dg ed   if  

the   amoun t   of   d i s t o r t i o n   in   the   is opach   m ap s   is   s i g n i f i -

cant.   If   the   14   d e g r e e   slope   in   the   M u d d y   is   the   lar gest  

in   the   study   area,   t h e n   iso pa ch   va lue s   fr om   the   we lls  

should   be   in   error   no   mo re   than   3%.   This   logic   a ss um es  

that   the   b o r e h o l e s   are   vertical.

In   Fi g u re   12,   the   c o n t o u r s   r e p r es e nt   the   v e r t i c a l  

d i s t a n c e   from   the   land   s ur fa ce   to   the   base   of   the   Muddy.  

Th erefore,   the   m ap   shows   the   t h i c kn e s s   of   the   s e d i m e n t a r y  

rocks   on   top   of   the   Muddy.   This   m ap   is   i mp o rt a nt   to   the  

se i sm ic   m o d e l i n g   wo rk   p r e s e n t e d   later   in   this   paper.

A   m ap   for   the   p a l e o - s t r u c t u r e ,   or   be tt e r   termed,  

p a l e o t o p o g r a p h y   was   also   made.   This   ma p   sh ou ld   r epr ese nt  

the   sur fa ce   t o p o g r a p h y   du r in g   time   of   d e p o s i t i o n   of   l o w e r -

m o s t   beds   of   the   Muddy.   The   value s   for   the   ma p   were  

c a l c u l a t e d   by   m e a s u r i n g   the   di s t a n c e   b e t w e e n   the   base   of  

the   M u d d y   and   a   r e f e re n ce   ma rk e r   bed   that   is   b e l i ev e d   to  

be   very   c o n s i s t e n t   and   a   time   s t r a t i g r a p h i e   m a r k e r .   A  

go o d   c h o i c e   for   such   a   m a rk e r   bed   is   a   very   thin,   p o s s i b l y  

b e n t o n i t i c   s a n d s t o n e   d e p o s i t e d   w i t h i n   one   of   the   thick  

m a r i n e   shales   that   are   found   above   and   b e l o w   the   Muddy.

In   order   to   c h e c k   this   method,   two   m a r k e r   beds   were  

chosen,   one   above   the   Muddy,   and   one   below.   Ne it h er   of  

the   m a rk e r   beds   is   m o r e   than   100   ft   abo ve   or   b e l o w   the
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M u d d y   The   M u d d y   p a l e o t o p o g r a p h i c   m a ps   ma d e   using   the  

m a r k e r   beds   above   and   b e l o w   the   M u d d y   are   show n   in  

F i g ur e s   13   and   1 4 , re spe ct ive ly.   In   F i g ur e   13,  

p a l e o t o p o g r a p h i c   lows   are   r e p r e se n te d   by   larger   isopach  

values,   wh il e   in   F i g u r e   14,   p a l e o t o p o g r a p h i c   lows   are  

re p r e s e n t e d   by   s m a l le r   iso pa ch   values.   D a s h e d   lines  

d en o t e   d r a i n a g e   p a t t e r n s   in   e a rl y   M u d d y   time   on   both  

p a l e o t o p o g r a p h y   maps.   In   c o m p a r i n g   the   two  

p a l e o t o p o g r a p h i c   maps,   we   see   that   w h i l e   there   are  

n um e r o u s   mi no r   d i f f e r e n c e s   b e t we e n   the   maps,   they   are   very  

s im il ar   on   a   mo r e   r e gi o na l   scale.   The   high   de gre e   of  

s i m i l a r i t y   b e t w e e n   the   two   p a l e o t o p o g r a p h i c   m a ps   ind ic ate s  

that   the   ma ps   are   a   go o d   a p p r o x i m a t i o n   of   the   M u d d y  

d e p o s i t i o n a l   surface.   It   shou ld   be   no ted   that   these  

p a l e o t o p o g r a p h i c   map s   m a y   include   fe a tu r es   c r e a t e d   not  

o nl y   befor e   but   d u r i n g   M u d d y   d e p os i ti o n ,   such   as   s co uri ng  

or   c h a n n e l i n g   into   the   u n d e r l yi n g   T h e r m o p o l i s   shale.   The  

p r e d o m i n a n t   fe a t u r e s   on   the   M u d d y   p a l e o t o p o g r a p h y   include  

the   large   linear   n o r th   t re n d in g   d e p r e s s i o n   or   val l ey   wi t h  

n um e r o u s   smal ler   d e p r e s s i o n s   br a n c h i n g   off   in   a   n o r t h we s t  

d i r e c t i o n   from   the   larger   fe ature   and   a   few   such   f ea t u re s  

br a n c h i n g   off   in   a   n o r t h e a s t   trend.   M o s t   of   these  

to p o g r a p h i c   f e a t ur e s   tend   to   e xte nd   l i n e a r l y   over   a   long  

d i s t a n c e   w i t h o u t   b e in g   s e g m en t ed   or   a b r u p t l y   stopped.
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This   t o p o g r a p h y   is   in dic a ti v e   of   an   e r o s i o na l  

su r fa ce   wh ere   the   linear   low   fea tu re s   w er e   c a us e d   by  

c h a n n e l i n g   or   v a l l e y   incisement.   The se   c h a n n e l s   or  

v a l l e y s   b r an ch   ou t   f ro m   the   m a i n   f e at ure   in   a   n o r t h w e s t  

and   n or t h e a s t   dir ec ti o n.   This   ind ic at e s   that   the   t o p o -

g r a p h y   sloped   to   the   south,   toward   the   C r e t a c e o u s   seaway.

I s o p a c h s .   The   top   and   the   base   of   the   M u d d y   were  

d e t e r m i n e d   on   all   of   the   e ig h t y   we l ls   using   c o m b i n a t i o n s  

of   the   gamm a   ray,   res ist ivi ty,   and   S. P.   logs.   B o t h   top  

and   basal   c o n t a c t s   of   the   M u d d y   we re   e as y   to   locate  

b e c au s e   of   the   thick   m a r i n e   shales   that   en cas e   it.   An  

isop ac h   map   of   the   e n t i re   M u d d y   unit   w i t h i n   the   st udy   area  

is   sh ow n   in   F i g u r e   15.   It   should   be   not e d   that   this   i s o -

p a c h   map   includes   b o t h   s a nd s t o n e s   and   s hal es   found   w i t h i n  

the   Muddy.

The   p r i m a r y   f e at u re s   of   this   m a p   inc lu de   the   nor th  

tr e n di n g   linear   thi ck   that   ex ten ds   a c r o ss   the   m i d d le  

of   the   stu dy   a r e a .   S m a ll e r   n or t h w e s t   and   no r t h e a s t  

tr e n di n g   linear   M u d d y   t hic ks   br an c h   off   fro m   the   larger  

no r th   tr en di n g   thick.   This   thi ck ne s s   re p r e s e n t s   the   total  

in t er v al   of   in te re s t   over   w h i c h   the   M u d d y ' s   se ismic  

res po nse   is   later   anal yse d.   However,   for   the   p u r p o s e   of  

se i s mi c   analysis,   the   M u d d y   should   not   be   tr e at e d   as
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s ing le   h o m o g e n e o u s   unit.

L i t h o l o g i c a l l y ,   the   M u d d y   c an   be   d i v i d e d   into   a  

m a s s i v e   bas al   sa n d s t o n e   w i t h   a   shale   and   a   se con d   less  

m a s s i v e   s a n d s to n e   u s u a l l y   found   at   the   top.   Fi g ur e   16  

sho ws   ho w   the   two   s a n d s t o n e s   appear   in   a   ty pi c a l   wel l   in  

the   study   area.   I s opa ch   ma p s   of   the   b a sa l   and   the   upper  

sa n d s t o n e s   are   sh o wn   in   F i g u r e s   17   and   18,   res pectively.  

O n l y   those   w e ll s   that   had   g a m m a   ray   logs   in   the   stu dy   area  

w er e   used   to   s u b d i v i d e   the   M u d d y   into   the   ba sa l   and   upper  

s a n d s t o n e s   for   the   is op a ch   m a p s .   W h i l e   F ig ure   17   shows  

that   the   basal   s a n d s t o n e   t h i c k ne s s   p a t t e r n   is   ve ry   sim ila r  

to   that   of   the   tota l   M u d d y   isopach,   the   upper   s an dst one  

isop ach   in   Fi g u re   18   shows   a   seri es   of   e l o n g a t e   p a r a l l e l  

b od ies   tr en din g   n o r t h e a s t   w i th   no   s i m i l a r i t y   to   the   bas al  

sa n d s t o n e   th i c kn e ss   c o nf i g u r a t i o n .   M o s t   of   the   bodie s   of  

the   upper   s a n d s t on e   lie   p e r p e n d i c u l a r   to   and   i n te r se c t   the  

th i cke r   sa n ds t on e   t r en d s   of   the   basa l   unit.

Inte rva ls   abo ve   the   M u d d y   in   the   Sh el l   Creek   shale  

and   b e l ow   the   M u d d y   in   the   T h e r m o p o l i s   wer e   also   is op ach ed  

( Figures   19   and   20) .   L a t e r a l l y   c o n t i n u o u s   be nt o n it i c  

laye rs   were   used   as   m a r k e r s   for   the   m e a s u r e m e n t   of   the   i n -

tervals.   Th es e   i n t e rv a ls   wer e   iso pa c he d   to   see   if   p a t t e r n s  

in   the   M u d d y   d e p o s i t i o n   ca n   be   found   in   oth er   d e p o s i t i o n a l  

units.   If   si m il a r   d e p o s i t i o n a l   p a t t e r n s   exi st   over   long
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p e r i o d s   of   g e o l o g i c   time,   de e p   seate d   s t r u c t u r a l   m o v e m e n t  

m a y   be   i n f l u en c i ng   s e d i m e n t   d e po si tio n.   B o t h   isopach   m ap s  

do   sho w   se di m e n t   t h i c k n e s s   c o n f i g u r a t i o n s   tre ndi ng   n o r t h -

w es t   and   northe ast ,   sim ila r   to   tren ds   found   in   basal   M u d d y  

d e p o s i t s   and   in   M u d d y   p a l e o t o p o g r a p h y .   The   s i m i l a ri t y  

found   among   these   m a p s   does   p r o v i d e   stro ng   e vi d en c e   of  

p e r s i s t a n t   n o r t h e a s t - n o r t h w e s t   s e d i m e n t o l o g i c a l   and  

s t r u c t u r a l   tr en d s   in   lower   C r e t a c e o u s   time.

Q u a l i t a t i v e   A s p e c t s .   The   wel l   logs   also   reveal  

m o r e   q u a l i t a t i v e   a s p e c t s   of   the   M u d d y   such   as   the   type   of  

bedding,   am ou n t   of   sa n d s t o n e   versu s   shale,   and   the   c o n d i -

tion   of   the   s a n d s t o n e - s h a l e   co ntacts.   The   important   q u a -

li tat i ve   p a r a m e t e r s   not   o nl y   aid   in   d e t e r m i n i n g   d e p o s i -

t ion al   facies   w i t h i n   the   Muddy,   but   als o   m us t   be   c o n s i -

d e r e d   as   key   v a r i a b l e s   in   u n d e r s t a n d i n g   the   seismic  

re s po n se   of   the   M u d d y .   However,   due   to   the   d i f f i c u l t y   of  

a s s i g n i n g   exa ct   va lu e s   to   the   q u a l i t a t i v e   par am e te r s,   no  

type   of   p r e c i s e   m ap s   c o u l d   be   made   that   d e p i c t e d   such  

as p e c t s   of   the   M u d d y   as   b e d d in g   or   type   of   s a n d s t o n e - s h a l e  

cont ac ts.   The re f or e ,   a   single   m ap   of   the   a v a i la b le   g a m m a  

ray   r e sp o ns e s   over   the   M u d d y   from   the   w e l l s   used   in   the  

stu d y   was   p r o d u c e d   ( Plate   I ) .
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Fa c ie s   A s s i g n m e n t s .   The   d i v i s i o n   of   the   M u d d y   into  

lower   and   an   up per   s a n d s t o n e   was   ba se d   p r i m a r i l y   on   the  

p h y s i c a l   b o u n d a r i e s   w i t h i n   the   unit.   H o w e v e r ,   it   is  

be l i e v e d   that   the se   two   s a n d s t on e s   als o   r ep r es e nt   sep ar at e  

d e p o s i t i o n a l   facies.   If   we   co m p a r e   the   i s op ach   of   M u d d y  

bas al   sa nd s to n e   to   p a l e o t o p o g r a p h y ,   there   is   a   ve ry   strong  

c o r r e l a t i o n   b e t w e e n   p o s i t i o n   of   bas al   s a n ds t o ne   thicks   and  

p a l e o t o p o g r a p h i c   l o w s .   The   size   and   c o n f i g u r a t i o n   of   the  

e a r l y   M u d d y   p a l e o t o p o g r a p h i c   fea tu re s   are   in d i ca t iv e   of   an  

e r o s i o n a l   sur fa ce   w i t h   large   d e p r e s s i o n s   r e s u l t in g   from  

v a l l e y   incisement.   T h e r e f o r e   the   ba sa l   M u d d y   is   p r o b a b l y  

a   v a l l e y - f i l l   facies.   The   m i x e d   m a r i n e   and   n o n - ma r in e  

fossil   a ss e m b l a g e   fou nd   in   the   lower   M u d d y   is   e vi d e nc e  

that   a   t r a n s i t i o n a l   e n v i r o n m e n t   was   r es p o n s i b l e   for  

d e p o s i t i n g   the   v a l l e y - f i l l   sediments.

In   m o st   cases,   the   bas al   s an d st o ne   has   a   sharp   lower  

c o n t a c t   w i th   the   e r o s i o n a l   surf ace   of   the   T h e r m o p o l i s  

shale   below.   However,   m a n y   times   the   lower   M u d d y   has   a  

g r a d a t i o n a l   base   in   areas   whe r e   the   p a l e o t o p o g r a p h y   was   a  

rel at i ve   high.   I   b e l i e v e   this   to   be   e v i d e n c e   of   a  

r e g r e ss i ve   sa n d s t o n e   d e p o s i t   s i t ua t e d   b e t w e e n   the   Th e rm o -  

p o l i s   shale   and   v a l l e y - f i l l   d e p o s i t s   of   the   Muddy,   si milar  

to   the   lower   ' J*   s a n d s t o n e   d e p o s i t s   r e p or t ed   by   W e i m e r   and  

S o n n e n b e r g   (1982)   in   the   De n ve r   basin.   The   basal   s a n d -
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st one   of   the   M u d d y   that   ap p e a r s   as   a   single   sa n d s t o n e   body  

on   the   we ll   logs   m a y   a c t u a l l y   be   two   s a n d s t o n e s   s e p ar at e d  

by   an   un c o nfo rmi ty.

Onl y   rem na n ts   of   the   r eg r es s iv e   s a n ds t on e   d e p o s i t s  

re ma i n   in   the   stu dy   area.   At   these   l oc a l i t i e s   the   bas al  

s a n d s t o n e   of   the   M u d d y   a p p e a r s   to   g r a d e   c o n f o r m a b l y   into  

the   T h e r m o p o l i s   sh al e   w h e n   a c t u a l l y   th ere   m a y   exi st   an  

u n c o n f o r m i t y   in   the   m i d d l e   of   the   s a n d st on e   unit.   M a p p i n g  

all   re g re s s iv e   sa n d s t o n e   d e p o s i t s   in   the   study   area   is  

d i f f i c u l t   due   to   the   o b s c u r e   log   response.

The   upper   s a n d s t o n e   d e p o s i t s   of   the   M u d d y   may   be   the  

resu lt   of   m a r i n e   d e p o s i t i o n   as   only   m a r i n e   foss ils   have  

b e en   found   in   this   sandstone.   Upper   and   lower   c o n t a c t s   of  

this   san ds to n e   w i t h   the   s u r r o u nd i n g   shale   are   va r i ab l e  

a l t h o u g h   they   tend   to   be   mor e   g r a d a t i o n a l   tha n   abrupt.

The   iso pac h   of   the   upper   san ds t o ne   shows   one   large  

linear   body   wi th   a   few   s m al ler   s a n d st o ne   b o d i e s ,   all  

tr e nd i ng   near   p a r a l l e l   to   a   an c i en t   shoreline.   The   size  

of   the   larger   fea tur e   ma y   be   the   resul t   of   a   p r o g r a d i n g  

b a r ri e r   island   com pl ex ,   a l t h o u g h   a   series   of   en   e c h e l o n  

m a r i n e   bars   ma y   ap pea r   as   a   single   unit   b ec au se   of   the  

spar se   wel l   contr ol.

The   p o s s i b l e   s e q u e n c e   of   e ve nts   that   lead   to   the  

d e p o s i t i o n   of   the   M u d d y   i nte rva l   are   i l l u st r at e d   in
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F i g u r e s   21-24.   W h i l e   F i g u r e s   21-24   p r o b a b l y   r ep r es e nt   a  

g r o s s   s i m p l i f i c a t i o n   of   the   actua l   M u d d y   d e p o s i t i o n a l  

p r o c e s s ,   they   do   s um m a r i z e   the   maj or   e v e nt s   r es p on s i bl e  

for   the   v a r i o us   M u d d y   facies.

M u d d y   d e p o s i t i o n   b e g an   as   the   C r e t a c e o u s   sea   rec ed ed  

fro m   the   study   area   in   a   so u th e as t   d i r e c t io n ,   le aving   a  

sh e e t - l i k e   r e g r e s s i v e   s a n d s t o n e   d e p o s i t   be h i nd   over   the  

m a r i n e   T h e r m o p o l i s   shale   ( F i g .   21) .   U p l i f t   of   the   area  

re s ul t ed   in   a   c o n t i n u e d   r e g r e s s i o n   of   the   s e a .   D r a i n ag e  

p a t t e r n s   d e v e l o p e d   that   cut   large   n o r t h e a s t   and   n o r t h w e s t  

tr e n d i n g   v a l l e ys   into   the   re g r e s s i v e   d e p o s i t s .   V a l l e y  

inc is e me n t   cut   c o m p l e t e l y   th ro u gh   the   r e g r e s si v e   sa nds t on e  

and   d ee p   into   the   u n d e r l y i n g   T h e r m o p o l i s   s h a l e ,   leaving  

iso la ted   remnant s   of   the   sa nd st o n e   b e t w e e n   the   vall eys  

( F i g.   22) .   The   o v e r a l l   la t era l   e x t en t   of   r eg r es s i ve   s a n d -

stone   is   d i f f i c u l t   to   de termine.

Af ter   this   e r o s i o n a l   period,   the   C r e t a c e o u s   sea  

b e g a n   to   t r a n s g r e s s   back   over   the   area   d e p o s i t i n g   the  

v a l l e y - f i l l   s a n d s t o n e   u n c o n f o r m a b l y   over   the   erod ed  

su r fa ce   ( Fi g .   23) .   N e a r s h o r e   ma ri n e   si l t s t o n e   and  

m u d s t o n e   was   d e p o s i t e d   over   the   thick   t r a n s g r e s s i v e  

s a n d s t o n e s   as   the   sea   c o n t i n u e d   to   deepen.   N e x t ,   n u m e ro u s  

o f f s h o r e   bars   d e v e l o p e d   p a r a l l e l   to   the   c o a s t   on   areas  

that   had   re m ai n ed   t o p o g r a p h i c a l l y   hi gh   t h r o u g h o u t   M u d d y



T-2742 52

L o w t r
T h t r m o p o l i t

S k a / ê

F i g u r e   21.   A   thin   s h e e t   of   s a n d s t o n e   wa s   d e p o s i t e d   over  
the   T h e r m o p o l i s   s ha le   w h e n   the   e a r l y  
C r e t a c e o u s   sea   re gre ss ed.

V a ll e y
Incisement

i  R eg re ss iv e  
San dst one

F i g u r e   22.   V a l l e y s   w e r e   c u t   into   the   T h e r m o p o l i s   sh al e  
as   the   ar e a   w as   upli fte d.
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La n d

F i g u r e   23.   I n f l u x   of   c l a s t i c   s e d i m e n t s   f il le d   in   e r o d e d  
v a l l e y s   as   sea   b e g a n   to   tr an sg re ss .

SE

or

F i g u r e   24.   A f t e r   the   sea   i n u n d a t e d   the   area,   m a r i n e   bar s  
w e r e   d e p o s i t e d   on   p a l e o t o p o g r a p h i c   highs.
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d e p o s i t i o n   ( Fi g .   24) .   Large   am o unt s   of   m a r i n e   c l a s t i c  

m a t e r i a l   wer e   s u p p l i e d   to   the   bars   by   m e a n s   of   lo ng s ho r e  

currents.   After   e x t e n s i v e   bar   de v e l o p m e n t ,   the   t r a n s -

g r e s s i n g   sea   f i n a l l y   c o v e r e d   the   bars   w i t h   She ll   Creek  

shale   dep osits.   The   m a r i n e   bars,   w h i c h   r e p r e se n t   the  

upper   M u d d y   range   b e t w e e n   five   and   t w e n ty   ft   thick.

The   v a l l e y - f i l l   s a n d st o ne   is   b e l i e v e d   to   ac c oun t   for  

m o s t   of   the   bas al   u n i t   th ickness.   The   c o n t a c t   b e t w e e n   the  

r e g r es s iv e   s an d s t o n e   and   v a l l e y - f i l l   d e p o s i t s   ca n n o t   be  

e x a c t l y   d e t e r m i n e d   fr o m   logs,   hence   it   is   d i f f i c u l t   to  

as s es s   the   exa ct   e x t e n t   and   t h i c kn e s s   of   these   two   basal  

sandstones.
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S E I S M I C   M O D E L I N G

P r o c ed u re s

O n e - d i m e n s i o n a l   s ei sm ic   models,   mo re   c o m m o n l y   known  

as   sy n th e ti c   s e i s m o g r a m s ,   w e r e   made   for   40   of   the   80   w e l l s  

in   the   study   area.   Les s   than   10%   of   the   40   we l l s   used   in  

the   m o d e l i n g   had   d e n s i t y   logs.   S e v e r a l   tests   were   m ad e   to  

c o m p a r e   a   m o d e l   m a d e   us ing   both   v e l o c i t y   and   d e n s i t y  

i n f o r m a t i o n   wi th   a   m o d e l   mad e   using   only   v e l o c i t y   d a t a .

The   c o m p a r i s o n   in   F ig u r e   25,   w h i c h   is   t y p i ca l   of   the   test  

results,   i nd ic ate s   that   the   a d d i t i o n a l   d e n s i t y   i nf o r m a t i o n  

p r o d u c e s   only   ver y   s ub tle   c h a n g e s   in   the   re spo n se   a m p l i -

tude.   Th erefore,   the   m o d e l s   were   m ad e   using   v e l o c i t y   dat a  

as   the   ge o l o g i c   input   w h i l e   the   d e n s i t y   was   kept   c o n -

stant.   Sonic   log   da t a   we re   c o l l e c t e d   fro m   500   ft   above  

the   top   of   the   M u d d y   i nt e rv a l   to   500   ft   b e l o w   the   base  

g i v i n g   a p p r o x i m a t e l y   1100   ft   of   da ta   for   eac h   model.

S o ni c   logs   wer e   e d i t e d   to   d e l e t e   e r r o n e o u s   spikes.   The  

S h e l l   Cr e ek   shale   above   the   M u d d y   c a u s e d   e x t e n s i v e   c y cl e  

s ki p p i n g   in   m a n y   of   the   logs.   Usually ,   the   r e s i s t i v i t y  

and   the   g a m m a   ray   logs   c o ul d   be   used   to   edit   the   sonic   log  

over   the   poor   d at a   z o n e s .   A   few   of   the   sonic   logs   were  

m i s s i n g   p o r t i o n s   w i t h i n   the   1100   ft   zone   to   be   modeled.

The   mi s s i n g   zone   was   al wa y s   a   p o r t i o n   of   the   She ll   Cre ek  

sh ale   or   T h e r m o p o l i s ,   but   never   the   M u d d y   in ter val   it-
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F i g u r e   25.   C o m p a r i s o n   of   a  h i g h   f r e q u e n c y   o n e - d i m e n s i o n a l
m o d e l   m a d e   u s i n g  o n l y   the   son ic   log   a nd   a   m o d e l
m a d e   u s i n g   so nic  a n d   d e n s i t y   logs.
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self.   For   these   cases,   the   r e si s t i v i t y   log   was   used   in  

c o n j u n c t i o n   w i t h   a   ne a r b y   c o m pl e te   sonic   log   to   s y n t he s iz e  

the   m i s s i n g   p o r t i o n  of   the   sonic   log.

The   e d i te d   sonic   log   was   d i g i t i z e d  at   a   two   ft

sample   inter val   and   input   into   the   C o m p a g n i e   G e ne r a l e   de  

G e o p h y s i q u e   ( C. G. G. )   s y n t h e t i c   ( Diglog)   s e i s m o g r a m   routine  

on   a   Cyber   co mputer.   A l t h o u g h   a   one   ft   sampl e   in terval  

m a y   have   add ed   mor e  s t r a t i g r a p h i e   d e t a i l  to   the   models,

the   two   ft   in te rva l  was   used   for   reasons  of   economy.   The

C. G. G.   p r o g r a m   in t e g r a t e s   the   sonic   log   so   that   the   v e l o -

c i t y   da t a   is   t r a n s f o r m e d   into   a   f u n c t i o n   of   time   instead  

of   depth.   An   a c o u s t i c   im ped anc e   cu rv e   is   c a l c u l a t e d   using  

the   time   c o n v e r t e d   so nic   log   and   a s su m es   a   c o n s t a n t   d e n -

sity.   N ex t   r e f l e c t i o n   c o e f f i c i e n t s   are   d e r i v e d   from   the  

a c o u st i c   impe dan ce   curve.   A   wa v e l e t   d e f i n e d   by   the   user  

is   then   c o n v o l v e d   w i t h   the   r e f l ec t io n   c o e f f i c i e n t   series  

to   p r o d u c e   the   s y n t he t i c   se ismic   trace.   Th re e   d i f f e r e n t  

w a v e l e t s   were   used   for   the   m o d e l s   in   this   study.   The  

w a v e l e t s   are  :   1)   a   r e l a t i v e l y   high   r e s o l u t i o n   B u t t e r w o r t h

w a v e l e t   wi t h   the   lo w es t   fr e q u e n c y   at   10   Hz   w i t h   a   12  

d B / o c t a v e   ramp   and   a   hig h   f r e q ue n c y   of   90   Hz   w i t h   a   ramp  

of   -12   dB / oc t av e ;   zero   p h as e   r o t a t i o n ,   2)   A   l o w - r e s o l u t ion  

B u t t e r w o r t h   w a v e l e t   w it h   the   a m p l it u de   s p e c t r u m   havin g   a  

low   f re q u e n c y   of   8   Hz   w i t h   a   12   d B / o c t a v e   ramp   and   a   high
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f r e q u e n c y   of   35   Hz   w i t h   a   -32   d B / o c t a v e   ramp   and   no   p h a s e  

rotation,   3)   An   a p p r o x i m a t i o n   of   an   e x t r a c t e d   w a v e l e t   from  

the   e x a m pl e   s ei sm ic   dat a   that   is   a   Ri ck er   w a v e l e t   w i t h   a  

c e n t er   f r e q u e nc y   of   24   Hz   and   120   d e g r e e s   of   p h a s e - r o t a -  

tion.   These   w a v e l e t s   and   a m p l it u d e   s p e c t r u m s   are   sh own   in  

F i g u r e   26.

L I M I T A T I O N S   OF   S E I S M I C   M O D E L I N G

Typ ically,   the   s y n th e ti c   s e i s m o g r a m   is   the   tool  

used   to   relate   r e l i a b l e   g e o l o g i c   i n f o r m a t i o n   a v a i l a b l e   in  

b o r e h o l e   logs   to   ac t u a l   se i s mi c   d at a   ac q u i r e d   very   near  

the   well.   M a n y   of   the   d i s c r e p a n c i e s   that   may   exi s t   b e -

tw e en   p r o c e s s e d   s e i sm i c   da t a   and   we ll   log   d a t a   are   fa irl y  

e a s i l y   i n c o r po ra t e d   into   the   o n e - d i m e n s i o n a l   model.   These  

incl ud e   a   b a n d - l i m i t e d   and/or   p h a se   r o tat ed   se i smi c   r e -

sponse,   a t t e n u a t i o n   of   the   signal,   and   m u l t i p l e   r e f l e c -

tions.   However,   there   are   n u m e r o u s   ot her   facet s   of  

p r o c e s s e d   sei smi c   d a t a   that   c a n n o t   be   a c c o u n t e d   for   in  

o n e - d i m e n s i o n a l   seis mic   m o d e l s .   Mo s t   p r o b l e m s   arise   fr o m  

the   fact   that   in   s e i s mi c   d a t a ,   a   s u b s u r f a c e   r e f l e c t i o n  

fro m   a   g e o l og i c   b o u n d a r y   is   d e v e l o p e d   over   a   large   la te ral  

area   kn own   as   the   F r e s n e l   z o n e ,   w h il e   the   s yn t he t i c   m o d e l  

d e v e l o p s   the   r e f l e c t i o n   c o e f f i c i e n t   fro m   a   singl e   p o in t  

w h e r e   the   b o r e h o l e   i nt e rs e ct s   the   g e o l o g i c   boundary.   In



WA
VE
LE
T 

(1
20
 

MS
EC
 
I

T-2742 59

F
R
E
Q
U
E
N
C
Y
 

C
HZ
 
I

Fi
gu
re
 
26
. 

Th
e 
th
re
e 
w
a
v
e
l
e
t
s
 
us
ed
 
in
 
s
ei
s
mi
c 
m
o
d
e
l
i
n
g
.



T-2742 60

e f f e c t ,   this   m e a n s   that   if   the   rock   p r o p e r t i e s ,   i. e.  

geolog y,   are   not   l a t e r a l l y   h o m o g e n e o u s   and   flat   over   the  

are a   of   the   F r e s n e l   zone,   the   ac q u i r e d   se is mi c   data   w il l  

lose   some   of   its   s i m i l a r i t y   to   the   n o r m a l - i n c i d e n c e   model.

W h i l e   the   e f f e c t   of   the   F r e s n e l   zone   is   to   d e c r e a s e  

the   lat era l   r e s o l u t i o n   w i t h   depth,   the   v e r t i c a l   r es o lu t io n  

of   a c t u al   se ismic   d at a   also   d e c r e a s e s   w i t h   depth.   Be c a u s e  

the   high   f r e q u e n c i e s   of   the   d ow n g o i n g   e n e r g y   are   a t t e n u -

ated   by   the   e a rt h   mo re   than   low   fr equ en ci e s,   the   r e a l i z -

able   b a n d w i d t h   of   s e i s m i c   dat a   d e c r e a s e s   w i t h   depth,  

c o n s e q u e n t l y   d e c r e a s i n g   v e r t i c a l   resolution.   In   seismic  

mo de lin g,   u s u a l l y   a   c o n s t a n t   w a v e l e t   is   c o n v o l v e d   w i t h   the  

r e f l e c t i o n   c o e f f i c i e n t   serie s   t h r o u g h o u t   the   total   dep t h  

section.   The re for e,   c o n t r a r y   to   act u al   sei smi c   data,   f r e -

q u e n c y   c o n t e n t   and   v e r t i c a l   re s o l u t i o n   do   not   c h a n ge   wi t h  

d e p t h   for   the   n o r m a l - i n c i d e n c e   model.   Th is   d i s c r e p a n c y   is  

i m po r ta n t   to   this   st ud y   b e c a u s e   the   s e i s m ic   eve nt   of  

inte re st   ( Muddy)   ra nge s   b e t w e e n   700   ft   to   a p p r o x i m a t e l y  

10 , 0 00   ft   b e l o w   s ur fa ce   in   the   study   area.   This   p r o b l e m  

c o u l d   p o s s i b l y   be   c o r r e c t e d   for   by   us ing   a   t i m e - v a r i a n t  

f r e q u e n c y   ba n dp a s s   filter   on   the   m o d e l s   to   d e c r e a s e   the  

higher   f r e q ue n ci e s   w i t h   depth.   However,   such   a   filter   was  

not   used   in   the   study.

O n e - d i m e n s i o n a l   m o d e l s   made   fro m   b o r e h o l e   me a s u r e -
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m e n t s   do   not   t y p i c a l l y   a c c o u nt   for   the   e f f e ct s   of   shear  

w a ve   en e r g y   c o n v e r s i o n   w i t h i n   the   earth.   This   m a y   ca us e  

a m p l i tu d e   d i s c r e p a n c i e s   b e t w e e n   ac t u al   o f f s e t   sei sm ic   d a t a  

and   the   o n e - d i m e n s i o n a l   m o d e l s .

One   last   but   ver y   i mp o rt a nt   l i m i t a t i o n   of   o n e -

d i m e n s i o n a l   m o d e l i n g   res ul ts   fr o m   the   use   of   the   c o m m o n  

r a y- t ra c in g   al g or it hms .   In   this   approach,   v e r t ic a l  

c h a n g e s   in   a c o us t i c   i m p e d an c e   mu s t   be   a p p r o x i m a t e d   as   a  

ste p   f un c t io n   so   that   a   c o r r e s p o n d i n g   r ef l e c t i o n   c o e f -

fi c i en t   can   be   ca l c u l a t e d .   Th e ref ore ,   a   v er t i c a l   g r a -

d a t i o n a l   ch ang e   in   rock   p r o p e rt i es ,   as   c o m m o n l y   found   in  

s a n d s t o n e / s h a l e   s e q u e n c e s ,   c a n   onl y   be   a p p r o x i m a t e d   by   a  

finit e   number   of   steps   in   the   a c o us t i c   im ped anc e   curve.

RE S U LT S

The   o n e - d i m e n s i o n a l   s y n t h e t i c   seis mic   m o de l s   are  

p r e s e n t   in   the   A p pe n di x .   On   ea ch   model,   the   well  

op erator,   n a m e ,   and   l o c a t i o n   ( section,   township,   range)  

a pp ear   at   the   top.   The   v e l o c i t y   d at a   fro m   the   well,   the  

r e f l e c t i o n   c o e f f i c i e n t s ,   and   the   s yn t h e t i c   traces   are   all  

a l i g n ed   as   a   f u n c t i o n   of   t w o - w a y   t ra vel   time.   Under   the  

h e a d i ng   of   v e loc ity ,   the   c o n t i n u o u s   c u rv e   d e n ot e s   the  

in te rv a l   v e l o c i t i e s   d e r i v e d   fro m   the   sonic   log   wh il e   the  

d o t t e d   line   is   the   RMS   v e l o c i t y   c o m p u t e d   fro m   the   int erv al
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v el o cit ies .   W h i l e   the   r e f l e c t i o n   c o e f f i c i e n t s   are   self  

exp l an a to r y,   w a v e l e t   ' A 1   is   the   hi gh   r e s o l u t i o n   zero   pha s e  

B u t t e r w o r t h   wavelet,   ' B 1   is   the   low   r e s o l u t i o n   zero   p h a s e  

B u t t e r w o r t h   wavele t,   and   ' C 1   is   the   120   d e g r e e  

p h a s e - r o t a t e d   R ic ker   a p p r o x i m a t i o n   of   the   e x t r a c t e d  

w a v e l e t   shown   in   F i g u re   26.   The   thin   h o r i z o n t a l   lines  

that   e x t en d   a cro ss   ea ch   f ig ure   den o t e   s a n d st o ne   b o u n d a r i e s  

of   the   M u d d y   as   d e f i n e d   fr om   the   g a m m a   ray   logs.   W h i l e  

the   top   and   the   base   of   the   M u d d y   in t er v al   are   shown   by  

the   upper   and   l o w e r m o s t   lines,   an   i n t e r m e d i a t e   solid   line  

indic at es   the   top   of   the   bas al   s a n ds t on e   and   a   da s he d  

i n te r me d ia t e   line   d e n o t e s   the   base   of   the   upper   M u d d y .

O n l y   one   i n t e r m e d i a t e   line   is   shown   w h e n   there   is   five   ft  

or   less   of   shale   b e t w e e n   the   two   s a n d s t o n e s .   The   thick  

100   ms   time   line   is   not   to   be   c o n f u s e d   w i t h   the   lines  

d e n o t i n g   M u d d y   bou nd a ri e s.

The   p r i m a r y   o b j e c t i v e   of   the   s e i s m ic   m o d e l i n g   wa s   to  

d e t e r m i n e   how   wel l   ea c h   of   the   three   w a v e l e t s   co u ld   be   used  

to   d e te c t   v a r i a t i o n s   in   the   M u d d y   interval.   The   s i m p l es t  

ca se   w i l l   be   d i s c u s s e d   first,   that   of   la te r al   v a r i a t i o n   in  

the   single   ba sa l   s a n d s t o n e .   The   ba sa l   sa nd s t on e   c o n s i s t s  

of   bo th   the   v a l l e y - f i l l   d e p o s i t s   and   the   r e g r e ss i v e   s a n d -

stone s   and   is   t r e a t e d   as   a   si n g le   unit   in   the   m o d e l i n g  

b e c au s e   there   is   no   a p p a r e n t   a c o us t i c   imp ed a n ce   bo u n d a r y
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b e t w e e n   the   two   s a n d s t o n e s .

The   is o pac h   of   the   ba sal   s an d st o ne   ( Fig.   17) ,   shows  

that   the   t h i c k n e s s e s   range   from   15   ft   to   103   ft   In   or de r  

to   mor e   c l o s e l y   a n a l y z e   ho w   these   va ri o us   t hi c k n e s s e s  

a f f e c t   the   se ismic   a m p l i t u d e   of   the   o n e - d i m e n s i o n a l  

models,   s i m p li f ie d   t w o - d i m e n s i o n a l   se is m ic   m o d e l s   were  

c o n s t r u c t e d   wi th   a   l a t e r a l l y   th i ck e n in g   s a n d s to n e   we dge  

e n c a s e d   b e t w e e n   two   lower   ve l o c i t y   shale s   ( Fig.   27).   In  

the   f o llo win g   an alysis,   the   va ri ous   se i sm i c   s ig n a t u r e s   of  

the   s i m p li f i ed   t w o - d i m e n s i o n a l   m o de l s   are   st ud i e d   in  

detail.   F o r t y   o n e - d i m e n s i o n a l   mo de l s   are   also   used   in  

this   study.

F i g ur e s   28,   29,   and   30   sho w   the   v e r t i c a l   in cidence  

time   response   for   the   high   r e s o l u ti o n   B u t t e r w o r t h   ( A) ,   low  

r e s o l u t i o n   B u t t e r w o r t h   (B)   and   the   e x t r a c t e d   (C)   w a v e -

lets.   Thes e   are   true   rel ati ve   a m p l it u de   se i smi c   d i s -

plays.   The   zero   p h a s e   c h a r a c t e r i s t i c s   of   the   two   B u t t e r -

w o r t h   w a v e l e t s   res ul ts   in   a   p o s i t i v e   pea k   oc c u r r i n g   at   a  

h o r i z o n   b o u n d a r y   of   i n c r ea s i ng   ac ou st i c   impedance.   C o n s e -

quently,   the   t rou gh   ( negative   amplitude)   sh oul d   c o r r e s p o n d  

to   a   d e c r e a s e   in   a c o u s t i c   impedance.   However,   the   e x -

t r a c t e d   w a v e l e t   has   a   p h a s e   ro ta ti o n   of   a p p r o x i m a t e l y   120  

degrees.   The   a s y m m e t r y   of   this   w a v e l e t   c a u s e s   d i f f i c u l t y  

in   lo ca ti n g   the   ex ac t   l o c a t i o n   in   time   of   a   c h an g e   in
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a c o u s t i c   impedance.   The   se i sm i c   r e s o l u t i o n   of   a   bed   such  

as   this   s a n d s t o n e   w e d g e   w o u ld   occur   if   the   r esp on se   from  

the   top   and   the   base   wer e   v e r t i c a l l y   s e p a r a t e d   so   that   the  

two   sig nal s   did   not   int er fe r e   w i t h   one   a n o th e r   ( S h e r i f f ,  

1980) .   In   this   s tri ct   sense   of   the   w o r d ,   not   any   of   the  

three   d i f f e r e n t   w a v e l e t s   can   reso lve   the   sing le   s a n d s t o n e ,  

e v en   up   to   the   th i c k n e s s   of   115   ft

H o w e v e r ,   p e a k   to   t r o u gh   m e a s u r e m e n t s   for   the   high  

r e s o l u t i o n   m o d e l   c a n   be   t r a n s l a t e d   to   a p p r o x i m a t e   s a n d -

stone   t h i c k n e s s e s   if   the   v e l o c i t y   is   known.   The   hig h   f r e -

q u e n c y   co n t e n t   and   e x t r e m e l y   large   b a n d w i d t h   of   this   w a v e -

let   results   in   a   v e r y   ’ s p i k e y 1   p u l s e   w it h   mi ni m al   side  

lobe   effects.   A   c o n s e q u e n c e   of   the   m i n i m a l   side   lobes   is  

that   i n t er f er e nc e   b e t w e e n   two   w a v e l e t s   is   not   a p p r e c i a b l e  

u nl e s s   the   cent er   pe a k   and   t r o u g h   of   the   w a v e l e t s   a c t u a l l y  

overlap.   A l t h o u g h   this   type   of   signal   i n t e rf e re n c e   oc cur s  

in   the   m o d e l   for   t h i c k n e s s e s   b e l o w   45   ft   ( trace   7),   pea k-  

t o - t r o u g h   m e a s u r e m e n t s   in   tr ace s   1   t h r o u g h   6   wi ll   still  

p r o v i d e   t h i c k ne s s   v a l u e s   w i t h   less   than   20%   e r r o r .

A c c u r a c y   at t a i n e d   w i t h   the   h i g h - r e s o l u t ion   wa v e l e t   is  

r e a s o na b le   in   m o s t   of   the   o n e - d i m e n s i o n a l   m od e l s   that   have  

a   sing le   sa n d s t o n e   in   the   Muddy.   O n e   e x c e p t i o n a l   cas e  

in vol ves   a   ver y   thick   singl e   s a n d st on e   w i t h   large   v e l o c i t y  

v a r i a t i o n s   in   i t ,   as   s h o wn   in   the   sy n t h e t i c   trace   from
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s e c t i o n   36,   T43N,   R 91 W   ( Appendix   p.   140) .   The   top   of   the  

s a n d st o ne   is   e a s y   to   locate   w it h   the   large   p o s i t i v e   peak,  

but   eithe r   of   two   t r o ug h s   c o u ld   r ep r e se n t   the   b a s e .

The   one-   and   t w o - d i m e n s i o n a l   m o d e l s   show   that   d e -

s tr u ct i ve   i n t e r f e r e n c e   o c c u r ri n g   in   s a n d s t o n e s   of   less  

than   45   ft   r e sul ts   in   lower   a m pl i tu d e   re s po n se s   for   the  

h i g h - r e s o l u t ion   wa velet.   No   e v i de n ce   of   c o n s t r u c t i v e  

i n t e r fe r en c e   ( tuning)   o cc u r s   for   this   w a v e l e t   due   to   lack  

of   side   lobe   energy.

W h i l e   the   hi g h   r e s o l u t i o n   wa v e l e t   r e p r e se n ts   a   very  

o p t i m a l   se ismic   r e sp o ns e   that   might   on ly   be   p o s s i b l e   w it h  

the   very   best   in   a c q u i s i t i o n   and   p r o c e s s i n g   par ameters,  

the   low   r e s o l u t i o n   w a v e l e t   is   the   o p p o s i t e .   This   low  

f re q u e n c y   w a v e l e t   has   a   very   na r r ow   f r e q u e n c y   bandwidth,  

re s ul t in g   in   large   side   lobes.   In   F i g ur e   29,   ve rt i c al  

p e a k - t o - t r o u g h   m e a s u r e m e n t s   c an   pr o v i d e   a p p r o x i m a t e   s a n d -

stone   t hi c k n e s s   v al u e s   onl y   for   the   s a n d s t o n e s   over   100   ft  

thick.   The   large   side   lobes   of   this   w a v e l e t   are   r e s p o n -

sible   for   d e s t r u c t i v e   int er f er e nc e   in   this   simple   s a n d -

stone   model.   A b n o r m a l l y   large   a m p l i t u d e   sign al   re spo nse s  

c a u s e d   by   c o n s t r u c t i v e   int er f er e nc e   are   o f t e n   used   to  

d e t e c t   sa nd s t on e   t h i c k n e s s   w he n   p e a k - t o - t r o u g h   m e a s u r e -

m e n t s   are   known   to   be   incorrect.   W a v e l e t s   w i t h   u nu s u a l l y  

large   side   lobes   w o r k   e s p e c i a l l y   w e l l   in   this   type   analy-
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sis.   H o w e v e r ,   the   ve ry   low   fr e q u e n c y   c o n t e n t   of   this  

w a v e l e t   (B)   re su lt s   in   a   p e r i o d   of   40   ms,   ca u s i n g   the  

tuning   e f fe c t   to   oc cu r   at   a   s a nd s to n e   t h i ck n es s   of   134   ft.

The   m o s t   o b v i o u s   feat ure   of   the   low   r e s o l u t i o n   two-  

d i m e n s i o n a l   m o d e l   that   c h a n g e s   wit h   s an d s to n e   th ic k n es s   is  

p u l se   amplitude.   A m p l i t u d e   for   the   p r i m a r y   pea k   and  

t ro u g h   as   well   as   the   side   lobes   increa se   w i t h   s a n d st o n e  

t h i c k n e s s e s   up   to   a p p r o x i m a t e l y   90   ft.   All   a sp e ct s   of  

this   sei smi c   res po ns e   are   the   same   for   s a n d st o n e   t h i c k -

nes se s   of   90   to   115   ft.

B a n d w i d t h   and   d o m i n a n t   f r e q u e nc y   of   the   e x t r a c t e d  

w a v e l e t   lies   b e t w e e n   the   e x t r e m e s   e x h i b i t e d   by   the   two  

B u t t e r w o r t h   w av ele ts.   As   seen   in   Fig u re   30,   a s y m m e t r y   of  

this   w a v e l e t   leads   to   a   mor e   c o m p l e x   and   s i g n i f i c a n t l y  

longer   time   re spo n se   than   that   of   the   two   other   wavelets.  

C o m p l e x i t y   of   this   w a v e l e t   tends   to   p r o d u c e   a   large   ar ra y  

of   both   c o n s t r u c t i v e   and   d e s t r u c t i v e   i n t e r f e r e n c e   p a t t e r n s  

that   ra p idl y   ch a n g e   w i t h   va r yi n g   sa nd s t on e   t h i c kn e ss   in  

the   wed ge   m o d e l   of   F i g u r e   27.   E x ac t   l o c a t i o n   of   the   top  

and   base   of   the   s a n d s to n e   in   time   c a n n o t   be   c o r r e l a t e d  

wi t h   a   spe ci fi c   pe ak   or   trough,   as   is   a p p a r e n t   in   m o s t   of  

the   o n e - d i m e n s i o n a l   models.   A   c o n s t a n t   time   shift   ca n   be  

ap p l i e d   so   that   the   upp er   large   a mp l i t u d e   tr ou gh   c o r r e -

spond s   to   the   top   of   the   sandstone.   However,   v e r ti c al
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time   m e a s u r e m e n t s   b e t w e e n   this   t ro ugh   and   the   large   a m p l i -

tude   pea k   b e l o w   sh o w   o nl y   a   ve r y   c r u d e   r e l a t i o n s h i p   to   the  

c h a n g i n g   s a n d s to n e   th ick ne s se s .   In   the   t w o - d i m e n s i o n a l  

models,   the   m o s t   o b v i o u s   f e at ure   that   c h a n g e s   in   re s po n s e  

to   sa n ds t o ne   t h i c k n e s s   for   this   w a v e l e t   is   the   u p p er m os t  

p o s i t i v e   d o u b l e t   that   be g in s   to   oc cu r   at   trace   3   ( a p p r o x i -

m a t e l y   20   f t ) .   In   tr ace s   3   t h r o ug h   14,   a m p l i t u d e   of   the  

basa l   p o r t i o n s   of   the   d o u b l e t   in cr e as e s   mo re   than   the   top  

un t i l   the   feature   b e c o m e s   a   single   pe ak   in   trac es   15  

t h r o ug h   20.   A   se co n d   fea tur e   that   m i g h t   be   r e c og n iz a bl e  

for   d e t e r m i n i n g   s a n d st o ne   t h i c k ne s s   is   a m p l i t u d e   of   the  

c e n t r a l   tr ou gh   and   peak.   B o t h   of   these   ev en ts   g r a d u a l l y  

inc re ase   in   a m p l i t u d e   fr o m   left   to   right,   until   a   m a x i m u m  

oc c u r s   at   trace   14   at   a p p r o x i m a t e l y   80   ft   of   sandstone.   A  

sl ig ht   r e d u ct i on   in   a m p l i t u d e   oc c ur s   as   the   san ds t on e   c o n -

tinues   to   thicken.   W h i l e   the   o n e - d i m e n s i o n a l   mo del s  

c l e a r l y   show   a   sim il ar   v a r i a t i o n   in   pea k   and   tr o ug h   a m p l i -

tude   for   the   s a n d s t o n e   thickness,   there   is   ver y   little  

e v i d e n c e   of   a   small   p o s i t i v e   d o u b l e t   abo ve   the   maj or  

trough,   as   a p p e a r e d   in   t w o - d i m e n s i o n a l   mo deling.   Instead  

there   is   only   a   small   pe ak   w i t h   a   w i d t h   and   am p l i t u d e   that  

v ar ies   i n d e p e n d e n t l y   of   s a n d st o n e   thickne ss .

In   the   next   three   mode ls,   a   se c o nd   s a nd s to n e   of  

c o n s t a n t   t hi c k n e s s   wa s   loca ted   25   ft   above   the   top   of   the
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b a sa l   s a n d s t o n e   w e d g e   as   in   F i g ur e   31.   Thi s   t w o - d i m e n -

si on al   m o d e l   p r e s e n t s   a   very   s im p l i f i e d   r e p r e s e n t a t i o n   of  

the   upper   m a r i ne   bar   s an d st o ne   and   the   t hi ck er   v a l l e y - f i l l  

s a n d s to n e   below.   The   same   three   w a v e l e t s   were   used   in   the  

t w o - s a n d s t o n e   m o d e l   so   that   a   c o m p a r i s o n   w i t h   the   s i n g l e -

s a n d s to n e   m o d e l   w o u l d   reve al   if   the   upper   sa n ds t on e   is  

r ec o g n i z a b l e   and   the   e f fe c t   it   m ay   have   on   the   seis mic  

re spo n se   of   the   lower   sandstone.

High   r e s o l u t i o n   B u t t e r w o r t h   w a v e l e t   d e t e c t s   both  

sa n d s t o n e s   s e p a r a t e l y   and   a c c u r a t e l y   ( Fig.   32) .   W h i l e   it  

w o u l d   be   d i f f i c u l t   to   a c c u r a t e l y   d e t e r m i n e   the   ex act  

t h i ck n es s   of   the   up per   san dstone,   one   c o u l d   e asi ly   r e c o g -

nize   that   the   upper   sa n d s t o n e   is   thin   in   c o m p a r i s o n   to   the  

av e ra g e   t hi c kn e s s   of   the   v a l l e y - f i l l   sa n d s t o n e   below.  

Pr e se n ce   of   the   upp er   s a n ds t o ne   ca us e s   an   a s y m m e t r y   in   the  

large   a mp l it u d e   p e a k   a s s o c i a t e d   w i t h   the   top   of   the   basal  

sandstone.   However,   p e a k - t o - t r o u g h   m e a s u r e m e n t s   for   the  

basal   sa nd st o ne   sti l l   gi v e   ac c ur a te   v a lu es   for   the  

sa n d s t o n e   thickness.   In   the   o n e - d i m e n s i o n a l   models,   the  

m a r i n e   bar   s a n d s t o n e   c an   on l y   be   i d e n t i f i e d   wi t h   the   high  

r e s o l u t i o n   w a v e l e t   in   a   few   cases.   The   m o d e l   from   the  

T e n n e c o   wel l   in   s e c t i o n   24,   T45N,   R 9 2 W   ( Appendix,   p.   149)  

c l e a r l y   shows   a   pea k   that   i nd i ca t e s   the   s a n d s t o n e ' s  

p r e s e nc e ;   however,   the   cen t er   of   the   p e a k   is   a
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c o n s i d e r a b l e   d i s t a n c e   abo ve   the   top   of   the   s a n d s t o n e .

W h i l e   there   are   o f t e n   o n e - d i m e n s i o n a l   m o d e l s   that   have  

e ve n   thi cke r   bar   s and sto nes ,   they   do   not   p r o d u c e   a  

re c og n i z a b l e   s e i sm ic   ev en t   for   two   a p p a r e n t   reasons.

First,   the   upper   s a n d s t o n e   is   us u a ll y   so   c l o s e   to   the  

ba s al   sa nd sto ne   that   b o th   are   d i s p l a y e d   as   a   single   event,  

and   second,   the   upper   s a n d s t o n e   u s u a ll y   has   a   very   small  

v e l o c i t y   c o n t r a s t   w i t h   the   s u r r o u n d i n g   shale.

The   time   re sp o ns e   of   the   two   s a n d s t o n e   w e d ge   m o d e l  

a p p e a r s   almos t   i d e n t i c a l   w i t h   that   of   the   single   san ds to n e  

m o d e l   w h e n   the   low   r e s o l u t i o n   B u t t e r w o r t h   w a v e l e t   is   used  

( F i g .   33) .   P re s e n c e   of   the   bar   s a n d s t on e   m ay   have   no  

n o t i c e a b l e   re sp on s e   in   the   o n e - d i m e n s i o n a l   models.

However,   it   is   a p p a r e n t   that   when   bar   s a n d s t o n e   oc cu r s  

over   a   s u b s t a n t i a l   ba s al   s a n d s t o n e ,   this   w a v e l e t ' s   pea k   is  

c e n t e r e d   at   the   top   of   the   upper   s an d s t o n e   instead   of   at  

the   top   of   the   basal   sandstone.

T w o - d i m e n s i o n a l   w e d g e   mo d e l s   m a d e   using   the   e x -

tr a c t e d   w a v e l e t   also   show   very   little   c h a n g e   wi t h   the  

a d d i t i o n   of   the   bar   s a n d s t o n e   ( F i g .   34) .   The   small   pe ak  

ab ov e   the   maj o r   t r o u g h   does   b eco me   a s y m m e t r i c   toward   the  

base,   howe ver   this   s u b t l e t y   doe s   not   ap pe a r   in   the   o n e -

d i m e n s i o n a l   m o d e l s .   It   is   p r o b a b l e   that   li t ho l o gi e  

v a r i a t i o n s   in   the   S h e l l   Cr e ek   sh ale   a f fe c t   this   subtle
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resp o ns e   feature   as   m u c h   as,   or   ma y be   more   than,   M u d d y  

thickness.

A   more   d e f i n i t i v e   in d i c a t i o n   of   upper   s an d st o ne  

p r e s e n c e   on   this   m o d e l   is   a   low eri ng   of   the   ma j or   t rou gh  

amplit ud e.   This   a m p l i t u d e   d e c r e a s e   m ay   be   c o n f u s e d   w i t h   a  

simpl e   thi nn ing   of   a   si ng l e   s an d st o ne   ex ce p t   that   the  

a m p l i t u d e   of   the   m a j o r   pe a k   ( below   the   trough)   is   not  

a f f e c t e d   by   the   bar   s a n d s t o n e ' s   p r e s e n c e   as   it   wo ul d   be   by  

a   th in nin g   san dstone.

Plate   II   c o n s i s t s   of   a   g e o l o g i c   c r o s s - s e c t i o n  

t h r o u g h   five   w e ll s   in   the   stud y   area   that   p e n e t r a t e d   the  

Muddy.   The   three   w e l l s   on   the   left   have   thin-   to   m o d e -

r a te - ba s al   s a n d s t o n e s   o v e r l a i n   by   an   upper   bar   sandstone.  

O n   the   right   side   of   this   plate,   the   bar   sa n ds t o ne   p i n c h e s  

out   w h il e   basal   s an d s t o n e   t h i c k n e s s   in cr e as e s   in   the   Pan  

A m e r i c a n   well.   The   M u d d y   int erv al   c r o s s - s e c t i o n   is   shown  

re l a ti v e   to   o n e - d i m e n s i o n a l   seismic   m o d e l s   d e r i v e d   from  

the   five   wells.   This   p l a t e   il l us t ra t es   d e t e c t i o n  

c a p a b i l i t i e s   for   the   three   w a v e l e t s   used   in   this   study.

In   summary,   the   high   r es o l u t i o n   w a v e l e t   can   be   used  

to   a c c u r a t e l y   d e t e r m i n e   the   t hi c k n e s s   of   a   bas al   s an d st o n e  

20   ft   thick   or   more.   A   bar   s a n d st o ne   m ay   be   d e t e c t e d   if  

it   is   g r e a t e r   than   15   ft   thick   and   s ep a r a t e d   fro m   the  

b a s al   sa n ds t on e   by   at   least   15   ft.   The   low   r es o l u t i o n
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w a v e l e t   c an   only   be   used   to   d e t e c t   g r o s s   c h a n g e s   in   to tal  

M u d d y   t h i c k n e s s .   S a n d s t o n e   th i c k n e s s   d e t e r m i n a t i o n   w it h  

the   e x t r a c t e d   w a v e l e t   is   c o m p l i c a t e d   by   its   p h a s e - r o t a -  

tion.   Th ic k e r   ba s al   s a n d s t o n e s   inc re ase   the   a m p l it u de   of  

bot h   the   ma j o r   peak   and   t ro ugh   of   this   w a v e l e t ' s   sei sm ic  

response.   Thick   upper   bar   sa n d s t o n e s   are   o c c a s i o n a l l y  

d e t e c t a b l e   by   r e c o g n iz i ng   a m p l i t u d e   v a r i a t i o n s   in   the  

m a j or   trou gh   of   the   se is m ic   r e sp o ns e   p r o d u c e d   using   this  

wavelet.

F A C T OR S   A F F E C T I N G   M O D E L I N G   R E S U L T S

G e n e r a l   r e l a t i o n s h i p s   e s t a b l i s h e d   ap pl y   to   mo s t   of  

the   o n e - d i m e n s i o n a l   m o d e l s  ;   m a n y   e x c e p t i o n s   are   found   in  

the   m o d e l s   and   c e r t a i n l y   m u s t   ex is t   in   real   seismic   d a t a .  

V a r i o u s   u n p r e d i c t a b l e   g e o l o g i c   fa ct o rs   such   as   thin  

sp u r io u s   silts   or   m i n or   c o m p o s i t i o n a l   c h a n g e s   w i t h i n   the  

M u d d y   u n d o u b t e d l y   a f f e c t   the   se is mic   r es p on s e   of   this  

unit.   W h i l e   there   is   no   p r a c t i c a l   way   of   a c c o un t i ng   for  

the se   types   of   g e o l o g i c   i n f l u e n c e s ,   the re   are   other   less  

sp e c if i c   f ac to rs   a f f e c t i n g   the   sei sm ic   res pon se   that   c an  

c o n s i d e r e d   in   this   study.

G r a d a t i o n a l   B o u n d a r i e s

G r a d a t i o n a l   g e o l o g i c   b o u n d a r i e s   b e t w e e n   san ds to n e
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and   shale   were   on l y   b r i e f l y   m e n t i o n e d   e a r l ie r   under   the  

he a di n g   of   1  L i m i t a t i o n s   of   S e i s m ic   M o d e l i n g '.   A   t r a n s i -

t ion al   g e o l o g i c   b o u n d a r y   u s u a ll y   is   e x p r e s s e d   in   terms   of  

a co u s t i c   im ped a nc e   as   a   ramp.   O n e - d i m e n s i o n a l   syn th et i c  

m o d e l s   use   a   large   num b er   of   c l o s e l y   sp a ce d   thin   layers   to  

a p p r o x i m a t e   a   t r a n s i t i o n a l   zone.   H o w e v e r ,   in   the   s i m p l i s -

tic   t w o - d i m e n s i o n a l   m o d e l s ,   no   a t t em p t   was   ma d e   to   s y n t h e -

size   a   g r a d a t i o n a l   boundary.   In   general,   the   o ve r a ll  

e f f e c t   of   c o n v o l v i n g   a   w a v e l e t   wit h   the   a c o u s t i c   i mp ed anc e  

ramp   is   to   g e n e r a t e   a   low   f r e q u e nc y   re fl ection.   A   short  

le ng t h   t r a n s i t i o n   z o n e ,   less   tha n   the   p u l s e   period,  

re sults   in   a   s t r e t c h e d   re s po n s e   in   time   w i t h   a   lower   than  

n o r ma l   amplitude.   If   the   t r a n s i t i o n   zone   is   over   a   long  

v e r t i c a l   dis ta nce ,   t he n   a   zero   ph as e   w a v e l e t   wil l   result  

in   a   very   lengthy,   l o w - a m p l i t u d e   d o u b l e t   res po ns e   ( Anstey,  

1980) .

V e l o c i t y   and   r e f l e c t i o n   c o e f f i c i e n t   i n f o r ma t io n   in-
)

e l u d e d   w it h   each   of   the   o n e - d i m e n s i o n a l   m o d e l s   ind icates  

that   g r a d a t i o n a l   b o u n d a r i e s   b e t we e n   the   M u d d y   and   the  

s u r r o u n d i n g   shale   oc cu r   w i t h   eq u a l   f r e q u e n c y   for   the   top  

and   b o t t o m   c o n t a c t s .   M a n y   r e s e a rc h e rs   in   the   field   of  

se is mic   s t r a t i g r a p h y   be l i ev e   that   such   t r a n s i t i o n a l  

b o u n d a r i e s   v a s t l y   d e t e r i o r a t e   the   r e l i a b i l i t y   of   the  

sy n th e ti c   s e i s m o g r a m   ( Neidell   and   Pog gia li o m i,   1977) .
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Ho wever,   d e t ai l   of   a c tu a l   sonic   and   g a m ma   ray   logs   f ro m  

w e l l s   used   in   the   m o d e l s   reveal   that   m a n y   of   the  

s u p p o s e d l y   g r a d a t i o n a l   ba sa l   co n t a c t s   are   a c t u a l l y   very  

sh ar p   boundaries.   The   few   we l l s   w i t h   g r a d a t i o n a l   basal  

M u d d y   c o nt a c t s   were   i n t e r p r e t e d   as   lo ca t i on s   whe re   the  

un co n fo r mi t y,   that   t y p i c a l l y   se par a te d   the   v al l e y - f i l l  

s an d s t o n e   from   the   T h e r m o p o l i s   s h a l e ,   ramps   up   to   se p ar a te  

a   remn ant   of   r e g r e s s i v e   s a nd s to n e   from   the   v a l l e y - f i l l  

s a n d s t o n e   above   it.   T h e r e f o r e ,   in   the   ca s e   of   an   o c c a -

si o na l   true   ba sal   t r a n s i t i o n   zone   wh er e   the   u n c o n f o r m i t y  

se p a r a t e s   two   sands to nes ,   the   sim pl i st i c   f ou r- l a ye r   m o de l  

r e c o g n i z e d   no   g r a d a t i o n a l   b o u n d a r y   at   all,   the   s y nt h et i c  

s e i s m o g r a m   p o r t r a y s   a   t r a n s i t i o n   zone   along   wit h   m a n y   s u r -

ro un d in g   f a b r i c a t e d   t r a n s i t i o n a l   boun da rie s,   wh il e   the  

real   seismic   data   ma y   result   in   an   i so lat ed   low   f r e q u e n c y  

t r o ug h   a ss o c i a t e d   w i t h   the   contact.

P o r o s i t y

V a r i a t i o n s   of   s a n d s t o n e   p o r o s i t y   are   als o   li kel y  

to   alter   the   sei smic   re spo n se   for   the   Muddy.   Po r os i ty  

is   u s u al l y   d i r e c t l y   p r o p o r t i o n a l   to   in te rv a l   tr a nsi t   time  

as   m e a s u r e d   by   a   sonic   tool   in   a   b o r e h o l e .   Fi gur e   35  

is   a   m ap   of   the   a v e r a g e   in te rva l   tr a n si t   time   for   the  

b a s al   M u d d y   in   the   stu dy   a r e a .   As   exp ected,   the   m a p
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of   re lat ive   p o r o s i t y   g e n e r a l l y   c o r r e l a t e s   w e l l   wi t h   the  

m a p   showing   M u d d y   d e p t h   of   burial   ( F ig .   12) .   This   is  

p r o b a b l y   re lated   to   the   e f f ec ts   of   c o m p a c t i o n   and   is   d i s -

c u s s e d   in   m or e   d e t a i l   later   in   this   thesis.   By   c a l c u l a -

ting   the   in ter v a l   v e l o c i t y   of   the   M u d d y   fr o m   the   in terval  

t r a ns i t   time   in   F i g u r e   35,   it   b ec ome s   a p p a r e n t   that   the  

v e l o c i t i e s   vary   by   mo r e   than   50%   ac r os s   the   st udy   area.  

Theref ore ,   eve n   if   the   sa n ds t on e   is   r e so l v e d   a c c u r a t e l y   so  

that   the   p e a k - t o - t r o u g h   time   of   the   se i sm i c   response   c o r -

re spo n ds   e x a c t l y   to   the   bed   boundary,   d r a s t i c   er ro rs   in  

bed   th ic kn e ss   ma y   be   c a l c u l a t e d   by   using   a   v e l o c i t y   from   a  

well   up   or   d o w n   d i p   f r om   the   area.

W h i l e   the   i n t er va l   t ra nsi t   time   va lu e s   for   F ig ure   35  

are   for   the   v a l l e y - f i l l   s a nd s to n e   of   the   Muddy,   sonic   logs  

and   the   v e l o c i t y   c u r v e s   for   each   of   the   m o d e l s   show   that  

the   m a r i n e   bar   s a n d s t o n e s   has   higher   in t e rv a l   tr an sit   time  

v al u e s   than   do   the   ba sa l   sandstones.   B e c a u s e   m a ny   of  

these   bar   s a n d s t o n e s   have   very   low   g a m m a   ray   counts,   thus  

e x c l u d i n g   shale   as   a   p o ss i bi l it y ,   high   i n t e rv a l   tr an si t  

time   va lu es   m ay   in d ic a t e   that   upper   bar   s a n d s t o n e s   have  

better   o v e r a ll   p o r o s i t y   than   that   of   the   v a l l e y - f i l l   s a n d -

stones.   This   s tan ds   to   reason   since   the   m a r i n e   s a n d s to n es  

were   p r o b a b l y   re wo r k ed   more   than   v a l l e y - f i l l   sediments,  

hence   they   have   be t t er   p o r o s i t y   due   to   be tt e r   sorting.   If
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the   slower   v e l o c i t y   of   the   upper   sa nd s t on e   is   i n d i ca t iv e  

of   poro sit y,   then   h i g he r   p o r o s i t y   w o ul d   result   in   low er in g  

the   aco us ti c   im pe da n ce   c o n t r a s t   b e t w e e n   this   sa n d s t o n e   and  

the   s u r r o un d in g   shale.   This,   in   turn,   w o ul d   re sul t   in   a  

lower   a m p l it u de   se i sm i c   response,   w h ic h   m a y   be   i n t e r p r e t e d  

as   the   res pon se   to   a   t h i nn i ng   of   the   s a n d s t o n e .

W h i l e   p o r o s i t y   is   a   so ugh t   after   p r o p e r t y   of   a   s a n d -

st one   in   oil   and   ga s   ex po ra t i on ,   the   p r e s e n c e   of   p o r o s i t y  

in   the   M u d d y   m a r i n e   bar   s an d s t o n e s   m a y   o n l y   d u p l i c a t e   the  

r es p on s e   of   a   t h i n n er   s a n d s t o n e .

D e p t h   of   B u ria l

The   c h a n g e s   in   se is m ic   d a ta   that   occur   in   v e r t i c a l  

and   late ral   r e s o l u t i o n   w i t h   d e p t h   were   d i s c u s s e d   under   the  

s e c t i o n   titled   ' L i m i t a t i o n s   of   Se is mi c   M o d e l i n g 1.   This   is  

a   l i m i t a t i o n   be ca us e   it   is   very   d i f f i c u l t   to   c o r r e c t   v e r -

ti cal   ra y- tra ce   m o d e l s   for   this   ef f e ct   found   in   real   data.  

The ref ore ,   the   r e s po n se   s i g n a t u r e s   that   wer e   found   for   the  

M u d d y   using   one-   and   t w o - d i m e n s i o n a l   m o d e l s   ma y   onl y   be  

v a l id   for   c e r t a i n   depths.   The   high   r e s o l u t i o n   w a v e l e t   may  

be   c o r r e c t   for   v e r y   s h a l l o w   d e p t h s   of,   for   e x a m p l e ,   less  

t ha n   3000   ft,   wh il e   the   low   r e s o l u t i o n   w a v e l e t   ma y   be  

c o r r e c t   for   v er y   d e e p   re f lec tio ns.   It   is   not   l ike ly   that  

b ot h   the   hi g h   and   low   r e s o l u t i o n   w a v e l e t s   used   in   this
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study   w o u l d   e x i s t   in   the   same   sei smic   section.   H o w e v e r ,  

the   two   w a v e l e t s   do   i l l u s t r a t e   how   f r e q u e n c y   b a n d w i d t h  

a f f e c t s   v e r t i c a l   resolution.

As   sh ow n   e a r l i e r ,   v e l o c i t y   of   the   M u d d y   c h a n g es  

d r a s t i c a l l y   w i t h   depth.   If   v e l o c i t i e s   of   the   su r r o u n d i n g  

shale   c h a n g e   w i t h   d e p t h   at   a   rate   s i m i la r   to   that   of   the  

Muddy,   a c o us t ic   im pe d a nc e   c h a n g e s   b e t w e e n   the   M u d d y   and  

the   shale   w o u ld   not   c h a n g e   w i t h   depth.   F i g u r e s   36   and   3  7  

sh o w   c o n t o u r e d   va lu es   c a l c u l a t e d   from   the   ratio   of   M u d d y  

v e l o c i t y   to   the   S h el l   Cre e k   shale   and   T h e r m o p o l i s   shale  

velocity.   B o t h   m a ps   indica te   that   v e l o c i t y   of   the   M u d d y  

i nc rea ses   m u c h   m o r e   w i t h   d e p t h   than   doe s   s u r r o un d in g  

shale   velocity.   It   is   also   i nt er e s ti n g   to   note   that  

v e l o c i t y   c o n t r a s t   b e t w e e n   M u d d y   and   T h e r m o p o l i s   shale  

va r i e s   s u b s t a n t i a l l y   mor e   than   that   b e t w e e n   the   M u d d y   and  

the   Sh el l   Creek   s h a l e .   The   large   d e g r e e   of   v ar i a t i o n  

in   these   M u d d y   c o n t a c t s   mo s t   l ik ely   a f f e c t s   the   a m p l i -

tude   of   seis mic   r e f l e c t i o n s   a s s o c i a t e d   w i t h   the   top  

and   base   of   the   Muddy.   R e s u l t s   of   o n e - d i m e n s i o n a l  

m o d e l i n g   sho w   that   r e f l e c t i o n   a m p l i t u d e   is   the   p r i m a r y  

s e i s mi c   s i g n a t ur e   a s s o c i a t e d   w i t h   s a n d st o ne   t h i c k -

ness   for   the   lower   r e s o l u t i o n   w a v e l e t s .   Pr esumably,  

th ere   w o u l d   be   no   p o s s i b l e   wa y   for   one   to   d i s t i n g u i s h  

b e t w e e n   r e f l e c t i o n   a m p l i t u d e   c h a n g e s   ca u s e d
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by   v a r i a t i o n s   in   v e l o c i t y   c o n t r a s t   f r o m   c h a n g e s   in   s a n d -

stone   thi ckness.   However,   if   m a j o r   v e l o c i t y   trend s   and  

a n o m a l i e s   in   F i g u r e s   36   and   37   are   t a k e n   into   ac c ou n t   w h e n  

look in g   at   a m p l i t u d e   anomali es,   there   is   less   ch an c e   of  

c o n f u s i n g   ef f e c t s   of   v e l o c i t y   a n o m a l i e s   w it h   those   of  

c h a n g e s   in   M u d d y   thickness.

Gas   E f f e c ts

If   one   is   tr yi n g   to   use   a   s e is mic   si g na t u re   to   d e -

fine   sa n ds t on e   t h i c k n e s s   for   p u r p o s e s   of   h y d r o c a r b o n   e x -

pl or a ti o n,   then   it   is   very   imp or ta n t   to   rea liz e   the   ef f e ct  

that   p a r t i a l   gas   s a t u r a t i o n   wi ll   have   on   the   signature.

The   T e xa c o   #37   U n i t   l oc at ed   in   s e c t i o n   31,   T43N,   R9 0 W  

( Appendix,   p.   126) ,   is   the   on ly   wel l   in   the   study   area  

that   has   a   r e c o g n i z a b l e   gas   e f fe c t   in   the   Muddy.   W h i l e  

the   g a mm a   ray   log   in di cat es   that   the   bas al   M u d d y   in   this  

we l l   is   103   ft   thick,   the   sonic   log   sh ows   s a n d s t o n e -

like   v e l o c i t i e s   onl y   for   the   upper   10   to   20   ft   of  

this   basal   unit.   The   e x t r e m e l y   low   v e l o c i t y   of   the  

gas   fille d   p o r t i o n   of   this   sa n d s t o n e   leads   to   a   large  

ne g a t i v e   r e f l e c t i o n   c o e f f i c i e n t   at   the   base.   The  

o n e - d i m e n s i o n a l   m o d e l   from   this   wel l   shows   that   there  

are   no   d i s t i n c t i v e   se i sm ic   s i g n a t u r e s   a s s o c i a t e d   w i t h  

this   gas   effect.   In   fact,   the   p r e s e n c e   of   gas   in
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this   100   ft   s an d s t o n e   giv e s   a   seismic   re sp o ns e   in d ic ati ng  

a   sa nd s t on e   of   o n l y   20   to   30   ft   t h i c k .   H o w e v e r ,   if   one  

has   e n ou g h   w el l   c o n t r o l   and   is   familiar   w i t h   the   g e o l o g y  

of   the   area,   then   one   ma y   realize   that   it   is   u n l i k e l y   for  

the   sa n ds t on e   to   be   so   thin   at   this   location,   th er e by  

re c o gn i zi n g   the   p o s s i b i l i t y   of   a   thi ck er   gas   s a t u ra t e d  

sandstone.

Roc k   Fr a ct u r es

Rock   f r a c t ur e s   c o m m o n l y   occur   in   c o m p e t e n t   sa n ds t o ne  

uni ts   in   res po ns e   to   re gi on a l   s t r u c t ur a l   d e fo r ma t io n .

Suc h   fra ct u r es   p o s s i b l y   ex is t   in   the   M u d d y   as   a   resul t   of  

Lar am i de   d e f o r m a t i o n   in   late   C r e t a c e o u s   time.   V e l o c i t y  

m e a s u r e m e n t s   of   f r a c t u r e d   M u d d y   d e r i v e d   fr om   a   b or e h ol e  

sonic   tool   ma y   not   a c c u r a t e l y   p o r t r a y   the   v e l o c i t y   of   a  

se i sm ic   p u l s e   p r o p o g a t i n g   t h r o ug h   the   same   fr ac tu r ed  

unit.   Therefo re ,   s ei smi c   m o d e l   re s po n s es   ba sed   on   sonic  

log   da t a   m ay   d i f f e r   from   the   actual   se is m ic   r es pon se   as   a  

resul t   of   rock   fractures.



T-2742 90

S E I S M I C   D A T A   A N A L Y S I S   AN D   I N T E R P R E T A T I O N  

A C Q U I S I T I O N   A N D   P R O C E S S I N G   P AR AM E T ER S

The   s ei smi c   re s po n se   of   the   M u d d y   was   also   e x a m i n e d  

on   three   re g io n al   s e i sm i c   lines   that   lie   in   the   st udy   area  

( F i g .   38).   Th es e   dat a   were   shot   and   p r o c e s s e d   by   Gr an t  

G e o p h y s i c a l   using   s t a nd a rd   c o m m e r c i a l   a c q u i s i t i o n   and   p r o -

c e s si n g   p a r a m e t e r s .   The   28   Hz   g e o p h o n e s   were   p o s i t i o n e d  

in- line   at   a   g r o u p   in ter v al   of   110   ft.   The   e n e r g y   sourc e  

c o n s i s t e d   of   1 0 - p o u n d   c h a r g e s   of   d y n a m i t e   bu ri e d   80   ft  

b e l o w   gr ou n d   surface.   Sh o ts   wer e   sp ac ed   at   220-ft   i n t e r -

vals.   A   48 -tr a c e   re co rd e r   was   used   to   a t t a i n   the   t w e l v e -

fold   CD P   cov erage.   The   d a t a   was   p r o c e s s e d   at   a   2   ms  

sample   interval.   P r o c e s s i n g   se qu enc e   is   shown   in   F i gu r e  

39.

W A V E L E T   E X T R A C T I O N

In   order   to   d i s p l a y   the   M u d d y   s ei sm ic   r esp ons e   over  

a p p r o x i m a t e l y   100   m i l e s   of   data,   the   time   in ter val   of  

int er es t   was   w i n d o w e d   and   d i s p l a y e d   for   eve ry   o n e - h u n -

d r e d t h   trace.   In   F ig u r e   40   ( also   Plate   I I I ) ,   the   M u d d y  

int er va l   s ei sm ic   r e s p on s e   is   shown.   As   stated   e a r l i e r ,  

one   of   the   w a v e l e t s   used   in   the   one-   and   t w o - d i m e n s i o n a l  

m o d e l i n g   was   e x t r a c t e d   from   the   s ei sm ic   data.   The   w a v e l e t  

e x t r a c t i o n   was   p e r f o r m e d   using   the   C. G. G.   m o d e l i n g   soft-
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1.   D E M U L T I P L E X   A N D   G A I N   R E C O V E R Y

2.   I N S T R U M E N T   P H A S E   C O M P E N S A T I O N

3.   S P I K I N G   D E C O N V O L U T I O N
1 0 0   m s   O P E R A T O R  
5   P E R C E N T   P R E W H I T E N I N G  
D E S I G N   W I N D O W :   4 0 0 - 2 5 0 0   m s

9 0 0 - 2 5 0 0   m s

4.   B A N D P A S S   F I L T E R
9 / 1 2 - 8 0 / 9 0   H z

5.   S I N G L E   W I N D O W   S C A L I N G
W I N D O W :   8 0 0 - 2 5 0 0   m s

6.   T R A C E   E D I T

7.   V E L O C I T Y   A N A L Y S I S / P . M . S .

8.   S T R U C T U R E   S T A T I C S

9.   N M O   A P P L I C A T I O N

10.   F I R S T - B R E A K   M U T E

11.   S U R F A C E   C O N S I S T E N T   R E S I D U A L   S T A T I C S

12.   C D P   T R I M   S T A T I C S

13.   C D P   S T A C K

14.   B A N D P A S S   F I L T E R
1 5 / 2 0 - 6 0 / 7 5   H z

15.   S I N G L E   W I N D O W   S C A L E :   4 0 0 - 2 3 0 0   m s

16.   F I L M   D I S P L A Y  :   7 . 5   i n / s e c   12   t r a c e s / i n

F i g u r e   39.   P r o c e s s i n g   s e q u e n c e   u s e d   f o r   t h e   t h r e e   s e i s m i c  
l i n e s .
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ware.   This   ro ut ine   doe s   an   a u t o c o r r e l a t i v e   w a v e l e t   e x -

t r a c t i o n   by   c o m p a r i n g   m u l t i p l e   seis mic   traces   w it h   the  

r ef l e c t i o n   c o e f f i c i e n t s   se rie s   d e r i v e d   f r om   a   sonic   log   of  

a   n ea rb y   well.   The   C o n t i n e n t a l   w e l l ,   lo ca t ed   in   se c ti o n  

24,   T44N,   R 9 2 W   ( Appendix,   p.   134) ,   was   used   for   the  

e x t r a c t i o n   on   this   data.   The   w a v e l e t   e x t r a c t i o n   p r o c e s s  

requ i re s   that   sonic   log   i n f o rm at i o n   be   s u p p l i m e n t e d   by   a  

c h e c k   shot   survey.   The   C o n t i n e n t a l   w el l   w as   used   be ca u se  

it   was   the   onl y   one   near   a   seismic   line   w i t h   an   av a i l a b l e  

che c k   shot   survey.   The   e x t r a c t e d   w a v e l e t   was   a p p r o x i m a t e d  

by   a   rotated   R i ck e r   wavelet,   p r i m a r i l y   ba s ed   on   w a v e f o r m  

and   am p li t u de   sp ec trum.   F i g u r e   41   sho ws   the   c o r r e l a t i o n  

b e t w e e n   the   a c t u a l   se i sm i c   trace,   a   s y n t h e t i c   made   wi t h  

the   e x tr a ct e d   wa ve l e t,   and   a   s y nt h et i c   ma d e   w i t h   the  

p h a s e - r o t a t e d   Ricker.   A l t h o u g h   the   p u r p o s e   of   the   m o d e l -

ing   w as   to   re - c r e a t e   the   seis mi c   re s po n se   of   w a v e l e t   p r o -

c e s s e d   data,   the   r ot at ed   Ri ck er   w a v e l e t   was   used   in   the  

one-   and   t w o - d i m e n s i o n a l   m o d e l s   as   a   r e p r e s e n t a t i v e   of   the  

c o n v e n t i o n a l l y   p r o c e s s e d   da ta   from   the   area.

M U D D Y   S E I S M I C   S I G N A T U R E   R E C O G N I T I O N   A N D   I N T E R P R E T A T I O N

W h i l e   the   c o n v e n t i o n a l   p r o c e s s i n g   p r o d u c e s   go od   q u a -

lity   da t a   w i t h   h i g h   f r e q u e n c y   c o n t e n t   in   the   a r e a ,   w a v e l e t  

p r o c e s s i n g   a s s u r e s   a   c o n s i s t e n t   zero   p h a s e   w a v e l e t   in   the
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AMPLITUDE   SPECTRUM

E x t r a c t e d   W a v e l e t
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TIME

( ms)

too

w a v e l e t   and   a   p h a s e - r o t a t e d   R i cke r   w a v e l e t   w i t h  
and   ac t u a l   se i sm i c   da t a   trace.
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data.   A l t h o u g h   w a v e l e t   p r o c e s s i n g   is   a   d i f f i c u l t   and  

c o s t l y   p r o c e s s ,   s t r a t i g r a p h i e   i n t e r p r e t a t i o n   of   the  

r es ult ing   s e c t i o n   is   m u c h   m or e   valid   and   a c c u ra t e   than   for  

dat a   wit h   c o n v e n t i o n a l   de co n vo l u ti o n.

A   c o m p a r i s o n   of   the   a c t ua l   da ta   w i t h   se le ct e d   o n e -

d i m e n s i o n a l   m o d e l s   is   sh own   in   Fi g ur e s   42, 43   and   44.   E a ch  

of   th ese   m o d e l s   is   no   mor e   than   1. 5   m i l e s   fro m   the   seis mic  

da t a   that   are   use d   for   the   co m pa ri so n.   Th e r e   is   a   r e a s o n -

ab l y   go od   c o r r e l a t i o n   b e t w e e n   the   m o d e l s   and   the   ac tu al  

data,   e s p e c i a l l y   for   the   M u d d y   interval,   loc ate d   abo ut   the  

m i d p o i n t   of   eac h   trace.   S e i s m i c   da t a   near   the   six   m o d e l s  

that   c o n t a i n   onl y   a   ba sa l   M u d d y   ( Figures   42   and   43)  

e x h i b i t   goo d   s i m i l a r i t y   in   M u d d y   re spo n se   am p l i t u d e   and  

waveform.   The   120   d e g r e e   p h a se   r o t a t io n   a s s o c i a t e d   w it h  

the   e x t r a c t e d   w a v e l e t   is   r o ug hly   c o n s i s t e n t   t hr o u g h o u t   the  

data.   However,   the re   are   m o d e r a t e   d i f f e r e n c e s   in  

f r e q u e n c y   c o n t e n t   b e t w e e n   the   mo de l s   and   dat a   that  

appe ar   to   be   due   to   d e p t h   of   burial.   On e -   and  

t w o - d i m e n s i o n a l   m o d e l s   using   the   e x t r a c t e d   w a v e l e t  

indicate   that   in   the   cas e   of   a   single   b a sa l   M u d d y  

inc r ea s in g   t h i c k n e s s e s   res ul te d   in   in c r e a s i n g   seis mic   peak  

and   tr o u gh   amplit ude .   Du e   to   the   s i m i l a r i t y   b e t w e e n   the  

m o d e l s   and   a c t u a l   d at a   in   Fi g u r e s   42   and   43,   a   similar  

r e l a t i o n s h i p   b e t w e e n   a m p l i t u d e   and   ba s al   s a n ds t o ne   thick-
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ness   is   li k el y   to   exist   for   the   ac t ua l   data.   This   a m p l i -

tude   r e l a t i o n s h i p   is   c o n f i r m e d   w he n   the   se ismic   da t a   of  

Fi g ur e   40   ( also   in   Plate   III)   is   e x a m i n e d   w i t h   res pec t   to  

the   ba sa l   s a n d s t o n e   iso pa ch   of   Fi gur e   17.   By   ho n or i n g  

bo t h   w e l l   dat a   and   seis mic   a m p l it u de   inf ormation,   the  

ba s al   sa n ds t on e   i so pa ch   m a p   of   Fi gu r e   17   c an   be   e n h a n c e d ,  

re v e al i ng   mor e   s t r a t i g r a p h i e   d e ta i l   ( Figure   45) .

O n ly   two   ( of   the   eight)   m o d e l s   in   the   st udy   area  

that   are   lo c a te d   c l os e   to   the   a ctu al   da t a   c o n t a i n   both  

b a s al   and   upper   M u d d y   sandstones.   M a r i n e   bar   sa n ds t on e s  

in   two   w e l ls   are   r e c o g n i z a b l e   by   g a m m a   ray   re spo ns es   in  

Plate   I.   These   two   m o d e l s   ( F i g .   44)   sh ow   very   little   e v i -

d e n c e   of   the   m a r i n e   bar   pre sen ce.   However,   ac tua l   seis mic  

d a t a   near   eac h   of   these   m o d e l s   e x h i b i t s   a   d i s t i n c t i v e  

s ei sm ic   s ig n at u re   in   the   M u d d y   response   a p p a r e n t l y   a s s o c i -

ated   w i t h   the   p r e s e n c e   of   upp er   M u d d y   sandstone.   This  

s e i sm i c   si g n a t u r e   can   best   be   d e s c r i b e d   as   an   a s y m me tr i c  

l o w - a m p l i t u d e ,   l o w - f r e q u e n c y   p e a k .   In   F i gu r e   40,   this   s i g -

na t ur e   is   p r e s e n t   at   se v er a l   l o c a t i on s   in   the   w e s t e r n   p o r -

ti on   of   the   st ud y   area.   H o w e v e r ,   c e n t r a l   and   s o u th e rn   p o r -

tions   of   T45N,   R 9 2 W   e x h i b i t   the   mo st   c o n s i s t e n t   and   d e v e -

loped   d i s p l a y   of   this   l o w - a m p l i t u d e   s i g n a t u r e .   The   upper  

s a n d s to n e   is o pac h   ( Fi g .   18)   ve ri fi e s   that   the   th ic k es t   bar  

s a n d s t o n e s   occ u r   in   the   c e n t r a l   and   so u t h w e s t   p o r t i o n   of



R  

93
 
W  

R  

92
 
W  

R  

91
 
W  

R  

90
 
W  

R  

89
 
W

T-2742 1 0 1

S
C
A
L
E

F
ig
u
re
 
45
. 

I
so
pa
ch
 
of
 
ba
sa
l 
Mu
dd
y 
s
a
n
d
s
t
o
n
e
 
u
t
i
l
i
z
i
n
g
 
we
ll
 
c
o
n
t
r
o
l
 
a
n
d
 

se
is
mi
c 
d
a
t
a
.



T-2742 102

T45N,   R92W.

Clo se   e x a m i n a t i o n   of   the   sei smi c   da t a   w it h   r es pe ct  

to   bot h   basal   and   upper   M u d d y   isopach   ma ps   rev eal s   how   the  

b a sa l   s an d st o ne   a f f e c t s   the   l o w - a m p l i t u d e   bar   signature.

A   thin   ba sal   s a n d s t o n e   o v e r l a i n   by   a   bar   s an d s to n e   results  

in   an   e x t r e m e l y   l o w - a m p l i t u d e ,   l ow - fr equ en cy,   p o s i t i v e  

response,   as   e x h i b i t e d   by   the   third   tra ce   fro m   the   w e s t   on  

the   e as t -w e st   line   of   F i gu r e   40   ( Plate   I I I ) .   A   th ic ker  

b a s al   sa nd st o ne   o v e r l a i n   by   the   bar   s a n d st on e   tends   to  

s l i g h t l y   in cre as e   the   a m p l i t u d e   of   the   M u d d y   re spo n s e   and  

g i v e s   way   to   a   p o s i t i v e   d o u b l e t   as   sh o w n   in   trace s   7   and   9  

on   the   same   line   in   the   e a s t e r n   p o r t i o n   of   T45N,   R 9 2 W   and  

w e s t e r n   p o r t i o n   of   T45N,   R91W.   If   the   l o w - a m p l i t u d e  

s i g n at u re   in   the   s e is mi c   da t a   is   used   to   locate   M u d d y   bar  

sand sto nes ,   the   upper   sa n d s t o n e   isop ach   of   Fi gu r e   18   c an  

be   m o d i f i e d   to   i nc lu de   m o re   d e t a i l   abo u t   the   ex t e n t   of  

the se   o ff s h o r e   bars   ( F ig .   46) .   The   up d a t e d   isop ac h   shows  

that   the   large   s i n g l e   linear   body   of   upper   M u d d y   s an d s to n e  

on   the   w e st   side   of   the   study   area   in   F i g ur e   46   is   a c t u a l -

ly   se ve r a l   smal ler   linear   san ds t on e   b o d i e s .   E a c h   of  

these   sa nd s t on e   trends   ma y   be   c o m p o s e d   of   se ve ra l   s m a l -

ler   ov er l a p p i n g   bars.   P r e s e n c e   of   the   upper   s a nd s to n e  

se i sm i c   si g n a t u r e   in   the   a c tu a l   d at a   is   d i f f i c u l t   to  

s pe c ul a te   about   b e c a u s e   this   s i g n at u re   is   not
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ap p a r e n t   in   the   m o d e l s .   H o w e v e r ,   as   p r e v i o u s l y   shown,   a  

g r a d a t i o n a l   b o u n d a r y   ca n   p r o d u c e   a   l o w - fr e qu e n cy ,   low-am-  

p l i t u d e   response.   Thr ee   fac to rs   in   the   M u d d y   interval   may  

resul t   in   a   g r a d a t i o n a l   boundary.   First,   the   ga m ma   ray  

r es p on s e   in   Plate   I   shows   that   the   upper   s a n d s to n e   us u a l l y  

has   g r a d a t i o n a l   up per   and   lower   b o u n d a r i e s   wi t h   the   s u r -

roundi ng   shale.   S e c o n d ,   the   upper   s a n d s t o n e   is   us u al l y  

m u c h   thinner   and   lower   in   ve l o c i t y   tha n   the   basal   s a n d -

stone.   This   m ay   resul t   in   an   1  im pe da n ce   r a m p 1   b e t w ee n   the  

Sh el l   Creek   sh ale   and   the   ba sa l   s a n d s t o n e .   Third,   the  

p r e s e n c e   of   a   r e g r e s s i v e   s an d s to n e   b e t w e e n   the   v a l l e y - f i l l  

s an d st o ne   the   T h e r m o p o l i s   shale   w il l   c a u s e   a   g r a d a t i o n a l  

base   to   the   bas a l   sandstone.   W h i l e   the   third   factor  

sh oul d   only   i n f l u e nc e   the   seismic   re sp o n se   of   a   re gr e s si v e  

sandstone,   the   g e o l o g i c   m o d e l   p r e d i c t s   that   both   r e g r e s -

sive   and   m a r i n e   bar   s a n d st o ne s   are   li k e l y   to   occur   t o -

ge th e r   on   M u d d y   p a l e o t o p o g r a p h i c   highs.

E xa m pl e s   of   the   M u d d y   inter val   s e i s mi c   res po ns e   from  

a ct u a l   da ta   are   sh o wn   in   F i g u re s   47,   48,   and   49.   These  

ex a m p l e s   i l l u st r at e   c h a n g e s   in   sei sm ic   s ig n at u r e   a s s o c -

iated   w it h   p r e s e n c e   of   the   o f f s h o r e   bar   s a n d s t o n e .   F igu re  

50   shows   the   g e n e r a l   lo c a t i o n   of   each   real   data   e x a m p l e .

A   sc hem a ti c   d i a g r a m   of   the   three   s a n d s t o n e s   as   i n t e r -

p r e t e d   from   the   w e l l   logs   and   se i smi c   d at a   is   shown   in
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F i g u r e   51.   The   s ei s m ic   dat a   is   i n cl u de d   in   this   d i a g r a m  

to   s h ow   its   r e l a t i o n s h i p   to   the   v a r i o u s   sandstones.   The  

basa l   s a n d st o ne   o c c u rs   t h r o u g h o u t   the   st udy   area,   t h e r e -

fore   on l y   trend s   of   thi ck   basal   s a n d s t o n e   de p o s i t s   are  

d e n o t e d   by   d a s h e d   lines.   Th i cke r   b a s al   sa n ds t on e   d e p o s i t s  

resul t   in   an   ob v i o u s   in cre a se   of   se is m ic   a m p l i t u d e   for   all  

but   the   n o r t h w e s t   p o r t i o n   of   the   stu dy   area.   In   the  

n o r t h w e s t   area,   p r e s e n c e   of   upper   bar   s a n d s to n e   c h a n g e s  

the   bas al   s a n d s to n e   a m p l i t u d e   signature.   P o si t io n s   of   the  

upper   M u d d y   d e p o s i t s   are   sh o wn   by   the   fine   san ds to n e  

p a t t e r n   in   Fi gu r e   51.   As   noted   p r e v i ou s ly ,   the  

l o w - a m p l i t u d e ,   l o w - f r e q u e n c y   se ismic   s i g n a tu r e   of   the  

upper   sa n d st o ne   v a ri e s   as   a   f un c ti o n   of   bas a l   unit  

thickne ss.   However,   the   upper   s a n d s to n e   si gna t u re   is  

us u a l l y   r ec o gni zab le .   F i g u r e   51   also   shows   how   a n ci e n t  

m a r i n e   bars   of   the   M u d d y   tend   to   be   lo c at e d   b e t w e e n   bas a l  

sa n d s t o n e   thicks,   in   are as   that   were   t o p o g r a p h i c a l l y   high  

d u r i n g   M u d d y   time.

The   r eg r e s s i v e   d e pos its ,   d e n o t e d   by   the   c o ar s e   sand  

patter n,   were   m a p p e d   using   on l y   g a mm a   ray   logs.   Th ese  

sa n d s t o n e s   are   als o   p o s i t i o n e d   at   p a l e o t o p o g r a p h i c   h i g h s ,  

b e t w e e n   large   i n ci sed   va l l e y s   that   were   filled   by  

v a l l e y - f i l l   s e d i m e n t s .

The   s i m i l a r i t y   of   trend s   found   in   the   M u d d y   Paleo -
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t o p o g r a p h   ( F i g s .   13   and   14) ,   lower   C r e t a c e o u s   shale   iso-  

p a c h s   ( Figst   19   and   20) ,   and   bas al   M u d d y   s a n ds t o ne   iso pach  

( F i g .   17)   p r o v i d e s   s i g n i f i c a n t   e v i d e n c e   of   re gio nal  

s t r u c t u r a l   c o n t r o l   over   lower   C r e t a c e o u s   d e p o s i t i o n a l  

patterns.   I so c h ro n   ma ps   of   int er val s   ab ove   and   b e lo w   the  

M u d d y   were   c o n s t r u c t e d   fro m   the   three   s ei smi c   lines   of  

F i gu r e   38.   The   time   in ter v a l   used   for   these   maps   is   shown  

on   Fi gur e   48.   The   p r e d o m i n a n t   n o r t h w e s t   and   n o r t h ea s t  

tr en ds   in   the   i s o c hr o n   maps   ( Figs.   52   and   53)   giv e   furt her  

ev i d e n c e   of   a   r e l a t i o n s h i p   b e t w e e n   lower   C r e t a c e o u s  

d e p o s i t i o n   and   re g i o n a l   g e o l o g i c   s t r u c t u r e .

Is och ron   d a t a   used   in   c o n j u n c t i o n   w i t h   va ri ou s   M u d d y  

fac ie s   seis mic   s i g n a t u r e s   are   imp or ta n t   in g re d ie n ts   of   an  

e x p l o r a t i o n   m o d e l   in   s o u t h e a s t   Big   Hor n   basin.   This   m o d e l  

p r e d i c t s   that   M u d d y   r e g r e s s i v e   d e p o s i t s   and   o f f - s h o r e   bars  

tend   to   occur   on   p a l e o s t r u c t u r a l   highs   ( isoch ro n   t h i n s ) ,  

w h i le   v a l l e y - f i l l   d e p o s i t s   s ho uld   t h i c k e n   in   p a l e o s t r u c t u r -

al   lows   ( isochron   t h i c k s ) .   The   small   M u d d y   bar   d e v e l o p -

m e n t   in   T43N,   R 9 0 W   ( F i g .   51)   serves   as   an   ex am p le   of   how  

this   e x p l o r a t i o n   m o d e l   ca n   be   a p p l i e d .   This   small   bar   may  

c o n t i n u e   in   a   n o r t h e a s t   d i r e c t i o n   alo ng   the   e x p e c t e d   d e -

p o s i t i o n a l   t r e n d ,   h o w e v e r ,   the   feat ure   c a n n o t   be   m a p p e d   to  

the   n o r t h e a s t   due   to   lack   of   w el l   and   s ei s mi c   control.  

I so c hr o n   ma ps   ( F i g s .   52   and   53)   in di cat e   a   M u d d y
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p a l e o s t r u c t u r a l   low   s i t u a t e d   n o r t h e a s t   of   the   small   bar  

deposit.   A d d i t i o n a l   s e i sm i c   d a t a   near   the   bar   c o u l d  

p r o v i d e   the   e x p l o r a t i o n i s t   w i t h   i s o ch r on   and   M u d d y   se i sm ic  

res po n se   i n f o r m a t i o n   n e c e s s a r y   for   p r o p e r l y   m a p p i n g   the  

M u d d y   bar   e x t e n t .
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F U T U R E   W O RK

S e i sm i c   m o d e l s   m ad e   w i t h   the   e x t r a c t e d   w a v e l e t   r e -

v e al e d   a   d i s t i n c t i v e   a m p l i t u d e   s i g n at u re   a s s o c i a t e d   w i t h  

ba sal   s a n d s to n e   t h i c k n e s s .   This   s i g n a t u r e   was   later   v e r i -

fied   in   the   g e o l o g i c   model.   On   the   oth er   hand,   the   low-  

amplitu de,   l o w - f r e q u e n c y   respons e   a s s o c i a t e d   w i t h   the  

m a r i n e   bars   was   d e t e c t e d   onl y   when   a c t u a l   d a t a   was   c o m -

p a r e d   with   the   g e o l o g i c   model.   S e is mi c   m o d e l s   did   not  

reveal   this   a n o m a l o u s   response.   The   g r a d a t i o n a l   bo u n d a r y  

a s s o c i a t e d   w i t h   o f f s h o r e   bar   d e p os i ts   is   be l i e v e d   to   be  

r e s p o ns i bl e   for   the   lo w-a mp l i tu d e,   l o w - f r e q u e n c y   se ismic  

response.   G r a d a t i o n a l   b o un d a r i e s   are   not   a c c u r a t e l y   p o r -

tra y e d   by   m os t   s i mpl e   n o r m a l - i n c i d e n c e   m o d e l i n g   methods.  

This   ma y   e x p la in   w hy   the   seismic   m o d e l s   do   not   d e t e c t   the  

m a r i n e   bar   s a n d s t o n e s .   However,   there   are   n u m e r ou s   other  

p r o p e r t i e s   a s s o c i a t e d   wi t h   m ar i n e   bars   or   the   v a l l e y - f i l l  

d e p o s i t s   that   m a y   have   c a u s e d   the   c h a r a c t e r i s t i c   sei sm ic  

s i g n a t u r e   found   in   the   c o n v e n t i o n a l l y   p r o c e s s e d   d a t a .  

L ar a m i d e   s t r ai n   f e a t u re s   such   as   f r a c t u r e d   san ds t on e   units  

w i t h i n   the   M u d d y   m a y   be   r e s p on s ib l e   for   the   a n om a lo u s  

s ei sm ic   s i g n a t u r e .

Fu t u r e   wor k   on   this   topic   m i g h t   include   using   a   mo re  

s o p h i s t i c a t e d   m o d e l i n g   a p p r o a c h   to   a n a l y z e   the   ma ri n e   bar  

s ei sm ic   response.   If   other   mo de l in g   t e c h n i q u e s   do   not   r e -
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ve al   the   bar   s a n d s t o n e   s i g n a t u r e ,   th en   w a v e l e t   p r o c e s s i n g  

of   the   ac tu a l   dat a   m ay   be   c on s ide red .   The   w a v e l e t - p r o -  

c e s s e d   dat a   sh oul d   c o n t a i n   a   more   sim p le   and   c o n s i s t e n t  

wavelet.   This   a p p r o a c h   e n a b l e s   one   to   m or e   a c c u r a t e l y  

m o d e l   the   sei smi c   d at a   by   using   f o r e w a r d   and   inverse  

m o d e l i n g   techn iqu es.   The   n o n - c o n f i d e n t i a l   dat a   used   in  

this   study   are   kept   on   file   at   the   G e o p h y s i c s   d e p a r t m e n t  

of   the   C o l o r a d o   S c ho o l   of   Mines,   Golden,   Colorado.
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S U M M A R Y   A N D   C O N C L U S I O N S  

An a l y s i s   of   e i g h t y   w e l ls   in   the   stu dy   area   rev eals  

that   the   M u d d y   in ter v al   is   c o m p r i s e d   of   three   g e n et i c  

s an d st o ne   facies  ;   a   r eg r e s s i v e   s a n d s t o n e   deposit,   va l le y -  

fill   depos its ,   and   o f f s h o r e   bar   sand sto ne s.   V a l l e y - f i l l  

d e p o s i t s   are   p r e s e n t   over   a   large   p o r t i o n   of   the   st u dy  

area,   however,   the y   t h i ck e n   in   are as   w h e r e   d e p o s i t i o n a l  

t o p o g r a p h y   was   low.   R e g r e s s i v e   d e p o s i t s   and   o ff s h o r e   bar  

sa n d s t o n e s   occur   only   in   sp e ci f ic   ar e as   that   tended   to   be  

t o p o g r a p h i c a l l y   h i g h   d u ri ng   M u d d y   d ep o si t io n .   W h e r e   p r e -

sent,   the   re g r e s s i v e   sa n ds t on e   and   the   o ff s h o r e   bar   s a n d -

stone s   u s u a l l y   re s u lt   in   a   g r a d a t i o n a l   base   and   top   on   the  

M u d d y   interval.   N o r t h w e s t   and   n o r t h e a s t   lower   C r e t a c e o u s  

d e p o s i t i o n a l   tre n ds   in   the   stu dy   area   are   p o s s i b l y   the  

r esu lt   of   re g i on a l   s t r u c t u r a l   control.

One-   and   t w o - d i m e n s i o n a l   r a y - tr a c e   m o d e l i n g   of  

the   M u d d y   in te rv a l   in dic a te s   that   a c t u a l   basal   s a n d -

stone   thi ck n es s   c a n   be   d e t e r m i n e d   fr o m   ve rt ic a l  

p e a k - t o - t r o u g h   m e a s u r e m e n t s   on   the   s e i s m ic   re sponse  

using   a   zero   p h a s e   10-   to   90-Hz   B u t t e r w o r t h   wavelet.   This  

w a v e l e t   ca n   d e t e c t   the   p r e s e n c e   of   the   upper   bar  

s a n d s t o n e ,   h o w e v e r ,   a b s o l u t e   t h i c k n e s s   of   the   upper  

s a n d st o ne   ca n   not   be   de t er min ed .

In   the   m o d e l s   mad e   using   the   zero   p h as e   8   to   35   Hz
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B u t t e r w o r t h   w ave let ,   o n ly   c r u d e   re la ti v e   a p p r o x i m a t i o n s   of  

the   total   M u d d y   in t er v a l   t h i c kn e ss   c a n   be   made.   These  

t h i c k ne s s   a p p r o x i m a t i o n s   are   ba sed   p r i m a r i l y   on   re lative  

am p l i t u d e   of   the   se i sm i c   response,   be c a u s e   v e r t i c a l   pe ak-  

t o - t r o u g h   m e a s u r e m e n t s   for   this   w a v e l e t   show   little   if   any  

r e l a t i o n s h i p   to   i n t e r va l   thickness.

M a j o r   i nc r e as e s   in   basal   s a n d st on e   t h i c k n e s s   tend   to  

increa se   the   a m p l i t u d e   of   the   M u d d y   r e s po n se   in   c o n v e n -

t io n a l l y   p r o c e s s e d   data.   O c c u r e n c e   of   bar   s a n d st on e s   in  

this   da t a   are   d e n o t e d   by   a   r e c o g n i z a b l e   s ei sm ic   sig na tu r e  

w h i c h   c o n s i s t s   of   a   lo w -a m pl i t ud e ,   l o w - f r e q u e n c y   p o s i t i v e  

doublet.   G r a d a t i o n a l   s a n d s t o n e / s h a l e   b o u n d a r i e s   a s s o c i -

ated   w it h   m a r i n e   bars   are   the   m os t   li ke l y   cau s e   of   this  

a no m a l o u s   response.

W h i l e   the   upp er   bar   s a nd s to n e   tends   to   have   a   higher  

p o r o s i t y   than   the   b a sa l   sandstone,   b o t h   sa n d s t o n e s   lose  

p o r o s i t y   wi th   depth,   p r e s u m a b l y   due   to   c om p ac tio n.   The  

onl y   wa y   to   a c c o u n t   for   p o s s i b l e   a m p l i t u d e   a n o m a l i e s   r e -

su l ti n g   from   c h a n g e s   in   p o r o s i t y   and   ot her   c o m p a c t i o n  

fe a t ur e s   is   to   lo cat e   and   m ap   re gi on a l   tr end s   of   the   M u d d y  

v e l o c i t y   field.   W h i l e   this   m e t h o d   m ay   wo r k   for   large  

re g i on a l   an o ma lie s,   local   v a r i a t i o n s   of   s an d st o n e   p o r o s i t y  

w i ll   not   li k e ly   be   a c c o u n t e d   for   and   m a y   be   m i s t a k e n   for  

c h a n g e s   in   sa n d s t o n e   thickness.
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Gas   s a t u r a t e d   s a n d s t o n e s   w i t h i n   the   M u d d y   in ter val  

have   a   se ismic   r e s p o ns e   e q u i v a l e n t   to   a   s h a l e .   R e c o g n i -

ti o n   of   a   M u d d y   gas   s a n d s t o n e   wou l d   o n l y   be   p o s s i b l e   in  

are a s   of   e x t r e m e l y   d e n s e   well   control.   O t h e r w i s e ,   the  

g a s - s a t u r a t e d   s a n d s t o n e   w o u l d   be   i n t e r p r e t e d   as   a   very  

thi n   sandstone.

An   e x p l o r a t i o n   m o d e l   for   s ou t h e a s t   Big   Horn   b a si n   is  

b a s e d   on   a   r e l a t i o n s h i p   b e t w e e n   re g io n a l   s tr u ct u re   and  

M u d d y   d e p o s i t i o n a l   facies.   Is oc hr o n   and   isopach   v a r i a -

tions   can   be   used   to   d e f i n e   M u d d y   p a l e o s t r u c t u r a l  

features.   Oil   and   gas   e x p l o r a t i o n i s t s   should   ex pe c t   a  

p o r o u s   upper   M u d d y   bar   s a n d st o ne   to   be   lo c a te d   over   p a l e o -

s t r u c t u r a l   highs   and   t r e nd i ng   in   a   n o r t h e a s t   directi on.

The   t h ick er   v a l l e y - f i l l   d e p o s i t s   should   occur   over  

p a l e o s t r u c t u r a l   lows   and   tr end   n or t h w e s t   and   northeast.
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P L A T E   I   GAMMA   RAY   RESPONSE   OF   THE   MUDDY   INTERVAL
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P L A T E  II C ROS S   SECTION   THROUGH   ST UD Y   AREA
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# 1   T U F F Y   F E D E R A L  

13   T 4 5 N   R 9 2 W

T E N N E C O  

# 1   F E D E R A L  

2 4   T 4 5 N   R 9 2 W

T E X A C O  

# 1   G O V T   M c G R A D Y - H A M M O N D  

2 9   T 4 5 N   R 9 1 W

PA N   A M E R I C A N  
# 1   W A G O N   P R O N G   U N IT  

3 6   T 4 5 N   R 9 1 W

GAMMA   RAY   RESISTIVITY

?

>   > y

î

STEVE   E.   MILLIGAN

HIGH   RESOLUTION   WAVELET

LOW   RESOLUTION   WAVELET



PL AT E   III MUDDY   INTERVAL   SEISMIC   RESPONSE   FROM   ACTUAL   DATA

U188000642226

T   4 6   N

T   4 5   N

T   4 4   N

T   4 3   N

R   9 3   W R   9 2   W R   91   W R   9 0   W R   8 9   W

S t e v e   E.   Mil ligan

T - 2 74 2


