
W I L L I S T O N B A S I N S Y M P O S I U M 285 
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ABSTRACT 
In southeaster n Saskatchewan , i n a  smal l portio n 

of southwester n Manitob a an d i n th e immediatel y 
adjacent are a o f Nort h Dakota , mos t o f th e Mississip -
pian oi l fields whic h produc e fro m th e lowe r Frobish -
er Beds , th e Alid a Bed s an d th e Tilsto n Bed s occu r 
in burie d hills . Th e oi l (locall y accompanie d b y a 
small ga s cap ) ha s accumulate d beneat h th e top -
Mississippian unconformit y an d th e accompanyin g 
"caprock" whereve r th e subcro p tren d o f a  reservoi r 
bed crosse s a  paleotopographica l ridge . Accumula -
tions i n th e Lodgepol e (Souri s Valley) , uppe r Fro -
bisher, Midal e an d Ratcliff e Bed s d o usuall y no t 
depend o n paleotopograph y an d ar e therefor e no t dis -
cussed i n thi s paper . No t les s than 51 % o f al l primar y 
recoverable reserve s o f ligh t Mississippia n crud e i n 
southeastern Saskatchewa n i s trappe d i n burie d hills , 
or 32.5 % o f al l primar y recoverabl e reserve s o f oi l of 
this area . Thi s percentage shoul d continu e t o increas e 
in th e comin g year s a s ou r understandin g o f th e na -
ture o f buried hill s an d ou r method s o f locating the m 
improve. 

The writer' s origina l reaso n fo r makin g a  stud y 
of th e natur e o f burie d hill s wa s th e lac k o f de -
pendable seismi c reflections . Sinc e th e unconformit y 
at th e to p o f th e Mississippia n i s a n ol d lan d surface , 
irregular, weathere d an d strew n wit h roc k fragment s 
(as know n fro m cores) , i t ca n hardly b e expecte d to b e 
a goo d seismi c reflector . Burie d hill s ar e therefor e 
usually onl y eviden t seismicall y fro m thei r drapin g 
effect o n overlyin g Jurassi c horizons . A  hil l o f 10 0 
feet elevatio n ove r th e adjoinin g valley s would , how -
ever, onl y sho w 3 2 fee t o f relie f du e t o differentia l 
compaction a t th e bas e o f th e Jurassic . Thi s ma y b e 
too thi n a n interva l t o b e easil y discernibl e i n area s 
of les s tha n perfec t seismi c response . Seismi c dis -
coveries o f burie d hill s hav e therefor e bee n limite d 
largely t o thos e hill s whic h coincid e wit h interna l 
Mississippian structure , suc h a s Los t Hors e Hill , 
Freestone, Alida an d others . 

A geologica l analysis o f the natur e o f buried hill s 
is possibl e onl y throug h a  thoroug h understandin g o f 
the scienc e o f geomorphology . Burie d hills , i n con -
trast t o structura l an d stratigraphi c traps , wer e shape d 
by th e effec t o f erosion (mostl y running water) upo n a 
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landscape. Thei r presen t shap e depend s o n th e inter -
action betwee n thes e erosiona l force s an d th e under -
lying geology . Hydrocarbo n trap s o f thi s typ e ar e 
referred t o a s paleogeomorphi c traps . Th e scienc e of 
paleogeomorphology cover s al l geomorphi c phe -
nomena recognize d i n subsurfac e geology , whic h in -
cludes man y feature s beside s burie d hills . 

The interpretatio n o f burie d landscape s present s 
many problem s whic h ar e stil l unresolved amon g geo -
morphologists, an d als o draw s attentio n t o a  numbe r 
of les s wel l know n geomorphologica l phenomen a 
which ar e importan t fro m th e paleogeomorphologica l 
point o f view. Ther e i s scope for a n exchange o f idea s 
between paleogeomorphologist s an d geomorphologist s 
which coul d greatl y benefi t th e understandin g o f 
many geomorphi c phenomena. Th e existence of burie d 
landscapes o f sufficien t relie f t o lea d t o th e trappin g 
of oi l an d ga s prove s tha t man y surfaces , althoug h 
exposed to erosion for close to a hundred million years , 
did nevertheles s no t becom e "peneplains " accordin g 
to th e classica l America n geomorphologica l concept s 
of W . M . Davis . Th e origina l (pre-compaction , pre -
tilt) slop e o f the flank s o f Mississippia n hill s i n south -
eastern Saskatchewa n varie s fro m 1 0 t o 23 0 fee t pe r 
mile. Moder n strippe d plain s ("pediplains" ) i n centra l 
Africa ar e incline d fro m 6  inches t o 16 0 feet pe r mile , 
but d o no t sho w th e dissectio n int o hill s o f limite d 
dimensions a s see n i n th e burie d Saskatchewa n land -
scape. I t i s thu s obviou s tha t a  pediplai n canno t b e 
defined b y slop e angl e alone , i f burie d landscape s 
such a s thi s ar e t o b e exclude d fro m thi s definition . 

The presenc e o f well-develope d slopes , eve n i f 
only o f 1  i n 23 , o r 2°30' , argue s perhap s mor e i n 
favour o f Walthe r Penck' s theor y o f "scar p retreat " 
than fo r W . M . Davis ' peneplanation throug h gradua l 
flattening o f slopes . Th e actua l slope s o f th e flank s 
of thes e burie d hill s ma y b e wel l i n exces s o f 2 /2°; 
our knowledg e o f thes e slope s is , afte r all , limite d b y 
the wel l contro l afforde d b y 80-acr e spacing . 

An eloquen t wa y o f presentin g a  ma p o f th e 
buried Mississippia n landscap e i n southeaster n Sas -
katchewan i s b y th e us e o f a n isopac h ma p o f th e 
overlying transgressiv e Lowe r Watrou s (Spearfish ) 
"Red Beds " o f Triassi c (? ) age . Correlatio n o f thi n 
siltstone marker s withi n thi s formatio n alon g a  cross -
section followin g th e deepes t burie d valle y i n thi s 
area indicate s tha t n o tiltin g too k plac e durin g depo -
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sition o f the Re d Beds , excep t along one smal l flexure. 
Pre-compaction thicknes s o f th e Re d Bed s ca n b e 
calculated t o hav e bee n a n averag e o f 47 % over thei r 
present thickness . 

The Re d Bed s isopac h map show s a  landscap e of 
regular drainag e feature s whic h ca n bes t b e terme d 
a "cuest a landscape" . A  cross-sectio n a t righ t angle s 
to th e strik e o f th e ridge s show s consequen t drain -
age wit h a  gradien t o f 2  fee t 4  inche s pe r mil e 
(about a s muc h a s th e Missour i River) . Th e mai n 
ridges o r "cuestas " correspon d t o th e subcro p trend s 
of th e Tilsto n an d th e Alid a Beds , a t th e to p o f 
which ther e ar e obviousl y horizon s highl y resistan t 
to erosion . A t th e bas e o f (nort h of ) thes e escarp -
ments li e well-develope d subsequen t valleys , int o 
which flowe d obsequen t an d resequen t stream s ap -
proximately parralle l t o th e consequen t drainage . 
There i s n o evidenc e o f close d valleys , sinkhole s o r 
other indication s o f Kars t drainage . 

The ma p show s other , subsidiar y cuesta s whic h 
represent loca l development s o f erosion-resistan t hori -
zons. I n orde r t o determin e whic h stratigraphi c level s 
in an y give n are a wer e resistan t t o erosio n (ridge -
forming) an d whic h wer e wea k (valley-forming) , a 
frequency diagra m ma y b e used , showin g ho w man y 
wells encountere d th e Mississippia n surfac e withi n 
any 10-foo t stratigraphi c interval . Thi s necessitate s 
very accurat e correlatio n withi n th e Mississippian , 
which i s ofte n mad e ver y difficul t b y th e shor t pene -
tration o f man y wells . 

The burie d hill s al l appea r t o ris e t o mor e o r 
less simila r height , i.e . t o a  "summi t level " whic h 
occurs fro m 0  t o 5 0 fee t belo w th e to p o f th e Re d 
Beds. Thi s "Summi t level " is no t a  dissecte d previou s 
peneplain, a s i t wa s considere d b y W , M . Davis , bu t 
rather appear s t o b e relate d t o th e contemporar y 

drainage pattern . I t i s see n t o becom e lowe r nea r 
major stream s an d als o towar d th e basin . 

The drainag e syste m exhibit s a  certai n regularit y 
which i s easil y understoo d i n term s o f "quantitativ e 
geomorphology". Accordin g to th e hydrophysica l law s 
developed b y R . E . Horton , th e relationshi p betwee n 
stream length s an d strea m number s o f streams o f suc-
ceeding order s o f magnitud e (order 1 representin g th e 
shortest, unbranche d tributaries ) approximate s a  geo -
metric series . Thes e ma y b e plotte d a s straigh t line s 
on semi-lo g grap h paper , th e slop e o f th e line s rep -
resenting th e "strea m lengt h ratio " an d th e "bifurca -
tion ratio" , respectively . Th e drainag e syste m repre -
sents th e in t e rp la y betwee n thes e hydrophysica l 
factors an d th e geologica l factors , suc h a s th e alter -
nation o f erosion-resistan t an d les s resistan t rocks , 
fault an d fractur e patterns , foldin g (i f any) , etc . Th e 
paleogeomorphology o f southeaster n Saskatchewa n 
also exhibit s som e interestin g feature s whic h hav e 
received ver y littl e attentio n t o dat e i n th e geomor -
phological literature . Referenc e is made , fo r instance , 
to th e phenomeno n o f alternatin g obsequen t an d 
resequent interfluv e spurs , an d t o th e obliqu e angl e 
of entr y o f subsequen t tributarie s int o th e conse -
quent mai n valley . 

The recognitio n an d understandin g o f al l th e 
geomorphic factor s enumerate d above , i n combina -
tion wit h suc h geologica l factors a s reservoi r develop -
ment an d th e interna l structur e o f th e Mississippian , 
are th e prerequisit e fo r a  complet e analysi s o f an y 
portion o f the are a her e discussed . Du e t o th e natur e 
of landscape s i n general , n o mathematicall y exac t 
results ma y b e expecte d fro m a n analysi s o f thi s 
type, bu t i t ca n certainl y hel p t o establis h th e ap -
proximate locatio n o f new burie d hil l prospects . Thi s 
may the n b e followe d b y a  minima l seismi c progra m 
specially designe d t o pinpoin t th e prospect . 


