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Introduction/Outline 

ÅLocation of the Williston Basin (WB) 

ÅGeneral geology, structural components (much less 
deformed than Western Newfoundland) 

ÅHistorical Background 

ÅStratigraphy: compare and contrast relative to timing 
and facies/rock type. 

 

ÅClosing Remarks 

 





SER 
(After Knight, 1999 and James et al., 
1988; from Enachescu, 2006) 



Williston Basin  
(Devonian-Mississippian) 

SE SK, SW MB, NE MT, W ND & NW SD 

Åhƛƭ ƎŜƴŜǊŀǘƛƻƴ όάƪƛǘŎƘŜƴέΤ ƻǊƎŀƴƛŎǎҌ ƘŜŀǘύ ƛƴ ŎŜƴǘŜǊ ƻŦ ōŀǎƛƴΦ 

ÅShale source generated approximately 200 BBO (32 x 109m3)(Flannery, 2006) 

 

 

(LeFever, 2004) 

(LeFever, 2004) 
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Williston Basin Devonian  to Mississippian Time 

Devonian time 

Major uplift and erosion at the end of Devonian time caused 
the seaway to retreat (Gerhard et al., 1982) 

Mississippian time 



Structural features 
Á2 Ba, the Trans-Hudson Orogenic Belt created a weak zone that 

later led to sagging and basin development (Gibson, 1995). 
ÁMajor strike-slip faults, natural fractures and many minor 

strike-slip faults formed due to basin subsidence, uplift and 
compressive forces.  

Zovack, 1980 



General Geology 

Phanerozoic Oil (Eon; 543Ma) 

 

- tŀƭŜƻȊƻƛŎ ό9ǊŀΣ άŀƎŜ ƻŦ ǘƘŜ ŦƛǎƘŜǎέΤ оллaŀύ: characterized by 
passive continental margin deposition of basal clastics, followed 
by a thick succession of platform carbonates and evaporites. 

 

- Mesozoic (Era; 250Ma): dominated by shale, siltstone and 
sandstone (ex. offshore eastern NL -Jeanne dΩ!ǊŎ .ŀǎƛƴ- Hibernia) 

 

 Hydrocarbon (Oil) Production: mainly in the 
 Paleozoic rocks of the Williston Basin. 

 



(from James & Darymple, 2010) 

2. Carboniferous ς Jurassic:  
(varied subsidence & sed.) with 
Carbonate basin-shelf transitions.  
ex. Miss. Sedimentation: 2 phases 
(comprising shallowing upwards cycles): 
Pre-Lowstand = prograding clinoforms 
filling the basin. 
Post-Lowstand = aggradation due to 
limited accomodation space* (thin beds). 

KISBEY 
Lowstand 

1. Early Paleozoic: 
Cambrian to end of Silurian subsidence 
Sedimentation kept pace with the 
rate of subsidence.  

Shallow water, 
gentle slopes 

NL example: Upper Cambrian peritidal cycles in the 
              Port au Port Group, Berry Head Fm 



Canadian WB 
Historical 
Background 

Å Most of the major oil pools in the Williston Basin  
were discovered as a result of intensive 
ŜȄǇƭƻǊŀǘƛƻƴ ŜŦŦƻǊǘǎ ƛƴ ǘƘŜ мфплΩǎ ǘƻ ŜŀǊƭȅ мфслΩǎΦ  

Å Waterflood recovery (since 1956) and infill 
ŘǊƛƭƭƛƴƎ όǎƛƴŎŜ ǘƘŜ Ωрлǎύ ǿŜǊŜ ŀǇǇƭƛŜŘ ƛƴ Ƴŀƴȅ 
pools, followed in a few cases by CO2 injection 
(since 2000). 

Å Horizontal well drilling has increased oil 
production significantly since first used in 1987. 

Å /ƻƳǇƭŜǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ƘŀǾŜ ŀŘǾŀƴŎŜŘ όмффлΩǎύ 
making projects more economic. 

5666 

31 

6295 

20,905 20,744 

Western Newfoundland: 
мфтлΩǎ-мфулΩǎ ƻŦŦǎƘƻǊŜ ǎŜƛǎƳƛŎ ǇǊƻƎǊŀƳǎ 
мффлΩǎ  ƻƴǎƘƻǊŜ ŜȄǇƭƻǊŀǘƛƻn 
(Enachescu, 2006) 



Horizontal Drilling 
ÅDrilling a horizontal well is site-specific and each well is unique. 
ÅUsually dealing with heterogeneous reservoirs (seismic is useful).  
ÅUnderstand the limitations of predicting  lateral variations in the reservoir..  
ÅFurther complications are  natural fractures, faults and facies changes.  
ÅGeosteering tools (ex. Halliburton GABI Sensor gamma & inclination at bit) help 

to stay in the target zone(s). 
ÅBoth open hole and cased hole completions are implemented with lengths 

from 500m-мрллƳ όϤмΣрллΨ-пΣрллΩύΦ 

Horizontal well schematics 

Reservoir 

Illustration of a fault zone 
Flat                                         Undulating 



Compare/Contrast 
Williston Basin vs. Western Newfoundland 

 ÅLocation  

ÅAge and depositional modern day analogues 

ÅStrata: ex. subtidal, shale 

ÅDolomitization processes & structural influence 

ÅSource rocks: shales 

Southeastern SK (0.5 mile above SL) Western NL (at SL) 

12-29 (91/2-304-18W2) and 14-29 (91/8-32-4-18W2)  
2010 MSSP Ratcliffe Fm, Charles Group 

Port au Port #1 
1994 L. Ord. Aguathuna Fm, St. George Group 



Carboniferous-Mississippian Time 
Stromatolites (algal structures) 

Shark Bay Australia 

Subtidal 

Lake Tanganika, Africa 
Lacustrine (with marine 
incursions) 
Å Freshwater, low alkalinity 

Å ¦Ǉ ǘƻ плƳ όмолΩύ ŘŜǇǘƘ 

Å Stromatolites at margins 

Å Ex. Rocky Brook Fm: mudst, 
dolost (Deer Lake Group; Hamblin et 

al., 1997) 

Å Hypersaline, high alkalinity 

Å [Ŝǎǎ ǘƘŀƴ млƳ όооΩύ ŘŜǇǘƘ 

Å Barrier bars 

Å Ex. Ratcliffe Fm: back-barrier dol. 
mudst (Madison Group) 

 
Kay Honkann/Ostman Agency 

 
Kay Honkanen/Ostman Agency 



Carbonate platform/ramp reservoirs 

WB Mississippian Madison Grp 
Å Reflux dolomitization (due to proximity to 

evaporitic shorelines). 

Å Midale Beds contain thrombolites 
(representing alternating marine and 
fresh-water conditions) and have 
similar textures and grain sizes as 
those described in NL.  

  NL L. Ordovician St. George Grp 
Å Hydrothermal dolomite (due to fluid 

flow along faults, linked to the tectonostratigraphic 
history). 

Å  thrombolitic, peloidal & skeletal 
wackestones/packstones and algal 
mudstones occurring in shallowing 
upward subtidal-peritidal cycles 
(Weissenberger & Cooper, 1999). 

ü Source rocks form in the coeval basinal facies (James & Stevens, 1986). 
ü Seals are provided by tight overlying anhydrite, dolomite, limestone or shale. 
ü Reservoir quality (IC, MO, VUG porosity & permeability) is enhanced by fracturing and 

dolomitization. 

Oliver, 1986 


