
Educational Series
Barnes, B., 2020, PrehiStories: Mosasaur, North Dakota Geological 

Survey Educational Series 36.

Geologic Investigations
Anderson, F.J., 2020, Windblown Sand Resources in the Denbigh 

Quadrangle, North Dakota Geological Survey Geologic 
Investigations 224.

Bader, J.W., 2020, Tectonic Map of the Western Dakotas Uplift and 
Surrounding Areas, North Dakota Geological Survey Geologic 
Investigations 227.

Kruger, N.W., 2020, Salt Isopach of the Devonian Prairie Formation, 
Garrison 100K Sheet, North Dakota, North Dakota Geological 
Survey Geologic Investigations 228.

Kruger, N.W., 2020, Salt Isopach of the Devonian Prairie Formation, 
Parshall 100K Sheet, North Dakota, North Dakota Geological 
Survey Geologic Investigations 229.

Stolldorf, T.D., 2020, Deadwood and Winnipeg Production and 
Drill Stem Test (DST) Maps, North Dakota Geological Survey 
Geologic Investigations 230.

Stolldorf, T.D., 2020, Red River Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
231.

Stolldorf, T.D., 2020, Stonewall, Stony Mountain and Gunton 
Production and Drill Stem Test (DST) Maps, North Dakota 
Geological Survey Geologic Investigations 232.

Stolldorf, T.D., 2020, Interlake Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
233.

Stolldorf, T.D., 2020, Winnipegosis Production and Drill Stem 
Test (DST) Maps, North Dakota Geological Survey Geologic 
Investigations 234.

Stolldorf, T.D., 2020, Dawson Bay Production and Drill Stem 
Test (DST) Maps, North Dakota Geological Survey Geologic 
Investigations 235.

Stolldorf, T.D., 2020, Duperow Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
236.

Stolldorf, T.D., 2020, Birdbear Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
237.

Stolldorf, T.D., 2020, Bakken Petroleum System Production and 
Drill Stem Test (DST) Maps, North Dakota Geological Survey 
Geologic Investigations 238.

Stolldorf, T.D., 2020, Maidson Group Production and Drill Stem 
Test (DST) Maps, North Dakota Geological Survey Geologic 
Investigations 239.

Stolldorf, T.D., 2020, Tyler Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
240.

Stolldorf, T.D., 2020, Spearfish Production and Drill Stem Test (DST) 
Maps, North Dakota Geological Survey Geologic Investigations 
241.

Stolldorf, T.D., 2020, Hydrogen Sulfide (H2S) Maps, North Dakota 
Geological Survey Geologic Investigations 242.

Landslide Maps
Anderson, F.J., 2020, Areas of Landslides Adams Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Adms – l.
Anderson, F.J., 2020, Areas of Landslides Baldhill Dam Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. BlhD – l.
Anderson, F.J., 2020, Areas of Landslides Big Meadow Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. BgMw – l. 
Anderson, F.J., 2020, Areas of Landslides Caledonia Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Cala – l. 
Anderson, F.J., 2020, Areas of Landslides Columbus Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Clmb – l. 
Anderson, F.J., 2020, Areas of Landslides Concrete Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Cnct – l.
Anderson, F.J., 2020, Areas of Landslides Dazey NE Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Dzey NE – l.
Anderson, F.J., 2020, Areas of Landslides Edinburg Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Ednb – l.
Anderson, F.J., 2020, Areas of Landslides Edinburg NW Quadrangle, ND Quadrangle: North Dakota 

Geological Survey 24K Map Series No. Ednb NW – l.

NEW PUBLICATIONS
All Survey publications (maps, posters, and reports) are available for free download from our website 

(www.dmr.nd.gov/ndgs/Publication_List/). Paper copies of 24K maps are $5, 100K are $10, and posters are typically $15.

24  GEO NEWS

PrehiStories:

By Becky Barnes
North Dakota Geological Survey

Educational Series #36

Mosasaur CANADA
USA

CANADA
USA

SK MB

MT ND

ND

SD

N
esson

A
nticline

SUPERIOR

PROVINCE

WYOMING

PROVINCE

TRANS-HUDSON

PROVINCE

H
eart

Fault

River

W
yom

ing 

Boundary

Zone

Boundary

Superior

Zone

Poplar

Dome

Little
Knife

A
nticline

Billings

Nose

Anticline

Cedar

Anticline

Creek

Brockton-Froid Fault Zone

Williston

Dickinson

Bismarck

Minot

Weyburn

Wolf Point

Brockton-Froid Lineament

Weldon

Fault

Zone

Buffalo

McKenzie

Williams

Dunn

Golden 
Valley

Burke

Mountrail

Divide

Billings

Slope

Bowman

Hettinger

Adams

Sioux

Grant

Stark

Morten

Oliver

Mercer

Daniels

McHenry

Ward

Bottineau

Renville

Burleigh

Sheridan

Tabbernor

Fault

Arch

Miles

City

Missouri

Couteau

M
ondak

Trend

Beaver Creek 
Anticline

Roosevelt

Sheridan

Richland

Dawson

McCone

Praire

Custer

Fallon

Carter
Powder River

Wibaux

Harding

Valley

Corson

Butte

Perkins

DeweyZiebach

Pronghorn

Sub-Basin

Souris
River

Fault

Ekalaka

Fault

WY

MT

Flin
Flon

Belt

Tabbernor

Zone
Fold

Fault

and

G
lennie

Dom
ain

Dom
ain

W
illiston

Tectonic Map of the Western Dakotas Uplift and Surrounding Areas
North Dakota Geological Survey
Geologic Investigation No. 227

Edward C. Murphy, State Geologist
Lynn Helms, Director Dept. of Mineral Resources

Estevan

Miles City

Cedar 

Fault

Creek

Emmons

GFTZ

Assiniboia Block

Garfield

Rosebud

104

49

101103 102105106

47

48

46

49

48

47

46

102103 101104105106

Jeffrey W. Bader
2020

The importance of understanding the relationship of basement rocks on basin development and 
the sedimentological/structural history of the Williston Basin has long been recognized. Ballard 
(1963) suggested that a depositional hinge-line for the eastern portion of the Williston Basin was 
coincident with the boundary between two basement provinces (Trans-Hudson and Superior). 
With the aid of geophysics, including seismic, aeromagnetics, and isostatic gravity, later workers 
refined that interpretation to propose a more tectonically complex basement model (Green et al., 
1985).  The relationship between basement anisotropies (Bader, 2018a, 2019a) and the control 
these features may have on Phanerozoic tectonism, sedimentation, and facies architecture in the 
Williston Basin was addressed by Brown and Brown (1979), Clement (1987), Gerhard et al. 
(1987), and Marsh (2017).  These studies showed that basement anisotropy may have significant 
control on Phanerozoic tectonic events, basin development, sedimentation, and ultimately 
hydrocarbon generation and entrapment; an important concept that requires further evaluation in 
North Dakota. 

Precambrian Basement  

The Precambrian basement underlying the Williston Basin can be divided into three geological 
provinces (Green et al., 1985). The Archean Wyoming and Superior Provinces are cratonic 
masses (protocontinents) that were sutured together in the Paleoproterozoic (Green et al., 1985; 
Corrigan et al., 2009; Bader, 2019b). They are separated by back-arc/fore-arc basins and arc 
terranes of the Proterozoic Trans-Hudson Province; the sum of which define a continental scale 
collision zone.   

Cratonic Provinces 

Rocks of the Superior Province underlie most of eastern North Dakota and South Dakota, as well 
as Manitoba, and consist primarily of Archean granite/greenstone and gneissic terranes 
(McCormick, 2010). The Wyoming Craton underlies eastern Montana, western Saskatchewan, 
western South Dakota, and the tip of southwestern North Dakota. It consists of quartz-rich 
gneissic rocks that have been affected by younger granitic intrusions also of Archean age (Sims 
et al., 2004). Baird et al. (1996), proposed the existence of a third, smaller Archean cratonic 
block (Assiniboia/Dakota block) that is present under northwestern North Dakota/northeastern 
Montana and into southern Saskatchewan. It is possible that, with further investigations, similar 
smaller Archean basement blocks will be discovered within the Trans-Hudson orogen. Rocks of 
the Wyoming Province are in contact with rocks of the Paleoproterozoic Trans-Hudson Province 
along the Cedar Creek fault, a major basement-rooted suture/fault located in southeastern 
Montana. A similar suture that defines the eastern boundary of the Trans-Hudson orogen with 
the Superior Province is present just east of Minot and extends approximately 340 km N–S across 
central North Dakota. 

Trans-Hudson Province  

Between the Superior and Wyoming cratons are rocks of the Trans-Hudson orogenic belt. Rocks 
of this zone are relatively complex; having been deposited as oceanic sediments in a rift basin 
during an early Paleoproterozoic rifting event that perhaps separated the once single 
Wyoming/Superior cratonic mass (Bader, 2019b).  Later, the rift basin (Manikewan Ocean) 
closed and collisions accreted Proterozoic island arc complexes and associated sediments to the 
Archean continental margins. Canadian workers have shown that the Trans-Hudson orogen is an 
extremely complicated zone of numerous accreted terranes defined by major basement-rooted 
sutures/faults that strike N–S (White, et al., 2005). 

Basement Anisotropies 

Structural inheritance is significant in other Rocky Mountain basins, such as the Bighorn and 
Powder River Basins of Wyoming and Montana (Bader, 2018a, 2019a). Basement fabrics and 
structural grain are potential zones of weakness that may eventually guide/influence later 
tectonic events. Thus, deposition of overlying sediments, Phanerozoic tectonic events, surface 
geomorphology, development of natural resources (including oil and natural gas, as well as some 
gravel/sand deposits), and location of geothermal highs, all of which are important in North 
Dakota, may be controlled by basement architecture. However, structural inheritance has not 
been well studied in North Dakota, partially due to the significant presence of glacial cover 
across the state, and the lack of any surface exposure of Precambrian rocks. Therefore, this map 
was created to better understand those relationships. 

The Western Dakotas and Central Montana uplifts have had on-going recent attention by 
researchers and industry alike (Gerhard, et al., 1987; Nordeng, et al., 2010; Bader; 2019a, 2019b, 
2020), generally due to increased activity in the Bakken over the last two decades. Numerous 
data-rich studies, incorporating geological, geophysical, structural, and tectonic synopses, have 
recently been completed allowing for development of a more comprehensive and modern 
tectonic model for the area (Sims et al., 2004; McCormick, 2010; Bader, 2018a, 2019a).  

Methods 

This map encompasses areas outside of the Western Dakotas uplift including the easternmost 
portion of the Central Montana uplift and the northernmost limit of the Black Hills arch, all of  

 

which are centrally located within the Great Plains Physiographic Province of the United States. 
It was generated utilizing a variety of methods and a multitude of sources. Typical methods for 
preparing a tectonic map include use of previous published data on major structural features in 
the area (commonly basement-rooted fundamental structures) as a basis for the map. These may 
include major zones or terranes in basement rocks (Sims et al., 2004; White et al., 2005; 
McCormick, 2010; Bader, 2019a, 2019b), generally revealed through seismic, aeromagnetic, 
and/or gravity studies. Major structures mapped at the surface and cutting the sedimentary cover 
may also complement the map (Vuke et al., 1986, 2007). Stratigraphic/depositional studies can 
also be used to reveal lesser, but still significant structures based mainly on thickness and facies 
changes across major deformation zones. Deformation of the sedimentary cover above major 
strike-slip basement-rooted fault zones (Bader, 2019a, 2020) may also be used to identify 
significant tectonic features that might otherwise go unrecognized (i.e., there are no 
facies/thickness changes across the deformed zone). Finally, major surface lineaments can be 
evaluated as to tectonic significance and added to the map (Anderson, 2011). All these methods 
were used in compiling this map; however, the map is not intended to show every lineament, 
fault, or fold in the study area. 

Major basement terranes were “stitched” together utilizing previously published maps (Sims et 
al., 2004; White et al., 2005; McCormick, 2010; Bader, 2019b). Tectonic elements from Montana 
are from Vuke, et al. (1986, 2007) and Sims et al. (2004). Tectonic elements for North Dakota 
were gathered from numerous sources including Lindsay and Kendall (1985), Gerhard et al. 
(1987), Chimney et al. (1992), Kent et al. (2004), Nordeng et al. (2009, 2010), Sonnenberg and 
Pramudito (2009), Anderson (2011), and an unpublished, vintage Canadian Hunter oil/gas fields 
map of the Williston Basin that was also used as a base map. Subsurface anticlinal folds are 
generally from numerous Paleozoic horizons identified on detailed structure contour maps for 
numerous oil and gas fields across eastern Montana and western North Dakota (North Dakota 
Geological Society, 1962; Denson and Gill, 1965; Montana Geological Society, 1985; Nesheim, 
2018). These anticlinal trends were then used to identify potentially significant basement-rooted 
fault zones. 

Observations 

Major tectonic elements of the mapped area exposed at the surface generally include anticlinal 
folds, such as the Miles City arch, Poplar Dome, Cedar Creek, Nesson, Little Knife, Billings 
Nose, and Beaver Creek anticlines. Smaller, subsurface anticlinal traces across the western part 
of North Dakota and eastern Montana define structure on various horizons. These traces are 
commonly en échelon, and left- or right-stepping, thus they may define possible basement-rooted 
wrench-fault zones similar to those seen across the Central Montana uplift. This large region of 
eastern Montana is characterized by fault/fold zones that define buried wrench faults striking 
WNW and NE (Bader, 2019a). Similar, NW- and NE-striking features appear in the Western 
Dakotas uplift to the east of the Cedar Creek fault (Anderson, 2011). The Mondak trend is an 
excellent example of such a feature as it is a classic group of left-stepping en échelon folds that 
likely define a WNW-striking basement-rooted fault in the subsurface. Therefore, along with the 
N-S sutures described above, three general structural trends are noted for the Western Dakotas 
uplift; N-S, NE, and NW. Similar trends have been noted by Bader (2018a, 2019a) across a large 
region from SW Wyoming to NE Montana, where he showed mechanical and temporal evidence 
for structural inheritance in basement rocks related to Precambrian convergence and subsequent 
reactivation during the Laramide orogeny. His work suggests that Precambrian development of 
Laurentia proceeded from SW to NE during several convergent events that took place from the 
Neoarchean (~3.0 Ga) through the Paleoproterozoic (~1.7 Ga), culminating with the terminal 
docking of the Superior craton with Trans-Hudson rocks/sediments as the Manikewan ocean 
closed (Bader, 2019b); thus setting the stage for development of the present-day Western 
Dakotas uplift. This initially resulted in fracturing the northeastern Wyoming craton into 
conjugate shear pairs during WSW convergence early in Trans-Hudson orogenesis (Bader, 2020) 
and these features are now recognized as reactivated Laramide wrench-fault zones across eastern 
Montana (Bader, 2019a). Later in the Trans-Hudson orogeny, numerous suture/subduction zones 
developed as the Manikewan ocean probably opened and closed several times. The collision 
events from ocean basin closures are ultimately defined by the major N-S fault zones (sutures) 
observed in western North Dakota. These zones probably developed originally as very deep 
shear-zones at the brittle-ductile transition within the crust during Precambrian convergent 
events. NW and NE trends were likely created through pure shear during the final E–W docking 
of the Superior craton at the end of the Trans-Hudson orogeny. This docking likely fractured the 
juvenile rocks of the Trans-Hudson orogen forming conjugate shears trending NW-SE and NE-
SW (Anderson, 2011). Finally, these three major directions of Precambrian anisotropy in 
basement rocks were subsequently reactivated during the Phanerozoic when plate tectonic 
stresses were conducive to movement along these earlier-formed zones of weakness, most 
recently during the Sevier/Laramide orogeny. Such Phanerozoic movements on basement rocks 
have created the numerous subtle anticlinal closures in sedimentary cover rocks that commonly 
trap hydrocarbons across the Williston Basin (Nordeng, et al. 2010; Marsh, 2017; Bader, 2018b, 
2018c; Nesheim, 2018). Recognition of these faults zones and associated subsidiary structures 
is critical because, even in horizontally-drilled unconventional reservoirs, many hydrocarbon 
accumulations may still be controlled by structural closure(s) related to wrenching and some of 
these closures may be nearly impossible to detect with conventional mapping techniques (e.g., 
structure contour, seismic, etc.). 
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The Prairie Formation consists of a thick sequence of
evaporites of mid-Devonian age. At the time of deposition,
open ocean water, at what is now the southern Northwest
Territories of Canada, flowed through the interior of Canada
via a corridor referred to as the Elk Point Basin. Water became
increasingly concentrated with solutes as reefs restricted
inflow from the open sea and as circulation was impeded by
additional reefs forming on structural divides within the basin
(Holter, 1969). The resulting brines deposited horizontally
bedded salts over large areas including parts of Saskatchewan,
southwestern Manitoba, northwestern North Dakota, and
northeastern Montana. The deposition followed a typical
progression of gypsum or anhydrite, followed by halite,
sylvite, and carnallite. Alternating beds of halite, sylvite, and
carnallite occurred when the introduction of fresh water into
the system reversed the depositional sequence (Anderson and
Swinehart, 1979; Kruger, 2014).

There are six potash-containing members identified in the
Prairie Formation salts of North Dakota. From lowest to
highest they are the Esterhazy, White Bear, Belle Plaine,
Patience Lake, Mountrail, and White Lake members (Kruger,
2014). These potassium-salt bearing intervals include
extensions of those currently mined for potash in the
Canadian province of Saskatchewan.

Anderson, S.B. and Swinehart, R.P., 1979, Potash Salts in the Williston
Basin: Economic Geology, v. 74, no. 2, p. 358-376.

Holter, M.E., 1969, The Middle Devonian Prairie Evaporate of
Saskatchewan: Saskatchewan Department of Mineral Resources, Rep.
123, 134p.

Kruger, N.W., 2014, The Potash Members of the Prairie Formation in
North Dakota: North Dakota Geological Survey, Report of Investigation
no. 113, 39p.

Kruger, N.W., 2019, Measured Depths to the Prairie Formation Salt:
North Dakota Geological Survey, Geological Investigation no. 221, Plate
II.

Garrison Quadrangle, North Dakota
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Well Control!

The Garrison Sheet

The isopach contours of this sheet are based upon log
interpretations of the tops and bottoms of the main body of
salt, excluding the basal clay or anhydrite layer where it is
observed, from 3 wells and the well control from adjacent
sheets. The thickest salt deposits of this sheet were mapped
at the northwest corner where the salt may exceed 200 feet
(61 meters) at depths which may approach 10,000 feet (3,048
meters) (Kruger, 2019). The salt body thins to the southeast to
its limit of deposition or a dissolution edge. Measured
thicknesses of the Prairie Formation salt within the sheet
ranged from 85 to 139 feet (25.9 to 42.4 meters).
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The Prairie Formation consists of a thick sequence of
evaporites of mid-Devonian age. At the time of deposition,
open ocean water, at what is now the southern Northwest
Territories of Canada, flowed through the interior of Canada
via a corridor referred to as the Elk Point Basin. Water became
increasingly concentrated with solutes as reefs restricted
inflow from the open sea and as circulation was impeded by
additional reefs forming on structural divides within the basin
(Holter, 1969). The resulting brines deposited horizontally
bedded salts over large areas including parts of Saskatchewan,
southwestern Manitoba, northwestern North Dakota, and
northeastern Montana. The deposition followed a typical
progression of gypsum or anhydrite, followed by halite,
sylvite, and carnallite. Alternating beds of halite, sylvite, and
carnallite occurred when the introduction of fresh water into
the system reversed the depositional sequence (Anderson and
Swinehart, 1979; Kruger, 2014).

There are six potash-containing members identified in the
Prairie Formation salts of North Dakota.  From lowest to
highest they are the Esterhazy, White Bear, Belle Plaine,
Patience Lake, Mountrail, and White Lake members (Kruger,
2014).  These potassium-salt bearing intervals include
extensions of those currently mined for potash in the
Canadian province of Saskatchewan.

Anderson, S.B. and Swinehart, R.P., 1979, Potash Salts in the Williston
Basin: Economic Geology, v. 74, no. 2, p. 358-376.

Holter, M.E., 1969, The Middle Devonian Prairie Evaporate of
Saskatchewan: Saskatchewan Department of Mineral Resources, Rep.
123, 134p.

Kruger, N.W., 2014, The Potash Members of the Prairie Formation in
North Dakota: North Dakota Geological Survey, Report of Investigation
no. 113, 39p.

Kruger, N.W., 2019, Measured Depths to the Prairie Formation Salt:
North Dakota Geological Survey, Geological Investigation no. 221, Plate
II.

Parshall Quadrangle, North Dakota
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The Parshall Sheet

The isopach contours of this sheet are based upon log
interpretations of the tops and bottoms of the main body of
salt, excluding the basal clay or anhydrite layer where it is
observed, from 154 wells.  Well control is tightest where
drilling activity targeted structural deformities associated with
the Nesson Anticline on the western side of the sheet.  The
thickest salt deposits of this sheet were mapped near the
middle of its northern boundary, underlying a region which
includes the town of New Town and where the depth to salt
exceeds 11,500 feet (3,505 meters) (Kruger, 2019).   Salt
thicknesses thin to the southeast, south, and southwest.
Measured thicknesses of the Prairie Formation salt within the
sheet ranged from 79 to 314 feet (24.1 to 95.7 meters).
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RED RIVER SUMMARY
DRILL STEM TESTS AND PRODUCTION MAPPING

References
Murphy, E.C., Nordeng, S.H., Juenker, B.J., and Hoganson, J.W.,  
   2009, North Dakota Stratigraphic Column, North Dakota 
   Geological Survey, MS-91, 1p.

North Dakota Industrial Commission, Department of Mineral 
   Resources, Oil and Gas Statistics, retrieved October 2019, 
   https://www.dmr.nd.gov/oilgas/

Prepared by 
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In order to better facilitate petroleum exploration and development in the Williston Basin, the North Dakota Geological Survey (NDGS) has 
published a series of production-related maps and corresponding data sets. These maps sets include production and drill stem test (DST) results 
with an accompanying spreadsheet for easy data extraction. The primary goal of this project is to create a database showing the distribution of 
hydrocarbons within each productive unit.

Prior to this project, over 55% of the DST results in the state did not have an associated geologic interval. The NDGS utilized a series of filters in 
Petra and Excel to unite formation tops with DST results. Now over 95% of DST results are associated with a geologic interval. After removing 
failed (misrun) DSTs, the remaining DST results were then separated into three groups. The first group (Positive DSTa) contains wells that have 
recovered oil or gas (in either the drill pipe or the sampler), or those that list oil or gas as the primary component of the fluid/gas mixture (e.g. 10’ 
mud cut oil) in the description. Secondly, Positive DSTb wells display results for oil or gas as the secondary component of the fluid/gas mixture (e.g. 
50’ gas cut mud). Although Positive DSTb wells do show signs of hydrocarbons, the hydrocarbon signal is considered weaker than those in the 
Positive DSTa group. Lastly, the Negative DST results have no indication of hydrocarbons. Detailed information for each DST (time-pressure data, 
interval depths, fluid and gas recovery information) can be accessed through the well file database maintained by the North Dakota Industrial 
Commission (NDIC) Oil and Gas Division.

Production for each well was determined using the NDIC's Production Pools and associated monthly production totals. The production pools 
utilized are shown on the Production Map for each interval. Cumulative production for each well was calculated through September 2019.

This project is a summary of the Red River Formation's production and drill stem test results.  Map sets include a production map, cumulative 
production map and DST results in North Dakota’s portion of the Williston Basin.  The Red River Formation is highlighted by the red box on the 
North Dakota Stratigraphic Column on the left.  A representative log of the Red River Formation is shown below along with a map showing the 
well’s approximate location. 

NORTH DAKOTA 
STRATIGRAPHIC COLUMN
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BAKKEN PETROLEUM SYSTEM SUMMARY
DRILL STEM TESTS AND PRODUCTION MAPPING
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In order to better facilitate petroleum exploration and development in the Williston Basin, the North Dakota Geological Survey (NDGS) has 
published a series of production-related maps and corresponding data sets. These maps sets include production and drill stem test (DST) results 
with an accompanying spreadsheet for easy data extraction. The primary goal of this project is to create a database showing the distribution of 
hydrocarbons within each productive unit.

Prior to this project, over 55% of the DST results in the state did not have an associated geologic interval. The NDGS utilized a series of filters in 
Petra and Excel to unite formation tops with DST results. Now over 95% of DST results are associated with a geologic interval. After removing 
failed (misrun) DSTs, the remaining DST results were then separated into three groups. The first group (Positive DSTa) contains wells that have 
recovered oil or gas (in either the drill pipe or the sampler), or those that list oil or gas as the primary component of the fluid/gas mixture (e.g. 10’ 
mud cut oil) in the description. Secondly, Positive DSTb wells display results for oil or gas as the secondary component of the fluid/gas mixture (e.g. 
50’ gas cut mud). Although Positive DSTb wells do show signs of hydrocarbons, the hydrocarbon signal is considered weaker than those in the 
Positive DSTa group. Lastly, the Negative DST results have no indication of hydrocarbons. Detailed information for each DST (time-pressure data, 
interval depths, fluid and gas recovery information) can be accessed through the well file database maintained by the North Dakota Industrial 
Commission (NDIC) Oil and Gas Division.

Production for each well was determined using the NDIC's Production Pools and associated monthly production totals. The production pools 
utilized are shown on the Production Map for each interval. Cumulative production for each well was calculated through September 2019.

This project is a summary of the Bakken Petroleum System's production and drill stem test results.  Map sets include a production map, cumulative 
production map and DST results in North Dakota’s portion of the Williston Basin.  The Bakken Petroleum System is highlighted by the red box on 
the North Dakota Stratigraphic Column on the left.  A representative log of the Bakken Petroleum System is shown below along with a map 
showing the well’s approximate location. 

The Bakken Petroleum System is comprised of the Bakken and 
Three Forks Formations as well as the lowermost portion of the 
Lodgepole Formation where hydrocarbon charged from the 
underlying Bakken Formation.  This study deals with data 
exclusively from the Bakken and Three Forks Formations.  All 
Lodgepole Formation data are available within the Madison 
Group products.

NORTH DAKOTA 
STRATIGRAPHIC COLUMN

NORTH DAKOTA LOCATION MAP

MADISON GROUP SUMMARY
DRILL STEM TESTS AND PRODUCTION MAPPING

The Madison Group is separated into several formations and 
intervals. Based on available data, this project will look at the 
Ratcliffe Interval (Charles/Mission Canyon Formation), 
Frobisher-Alida Interval (Mission Canyon Formation) and 
Lodgepole Formation, the primary hydrocarbon producing 
intervals within the Madison Group.

References
Murphy, E.C., Nordeng, S.H., Juenker, B.J., and Hoganson, J.W.,  
   2009, North Dakota Stratigraphic Column, North Dakota 
   Geological Survey, MS-91, 1p.

North Dakota Industrial Commission, Department of Mineral 
   Resources, Oil and Gas Statistics, retrieved October 2019, 
   https://www.dmr.nd.gov/oilgas/

Prepared by 
Travis Stolldorf

In order to better facilitate petroleum exploration and development in the Williston Basin, the North Dakota Geological Survey (NDGS) has 
published a series of production-related maps and corresponding data sets. These maps sets include production and drill stem test (DST) results 
with an accompanying spreadsheet for easy data extraction. The primary goal of this project is to create a database showing the distribution of 
hydrocarbons within each productive unit.

Prior to this project, over 55% of the DST results in the state did not have an associated geologic interval. The NDGS utilized a series of filters in 
Petra and Excel to unite formation tops with DST results. Now over 95% of DST results are associated with a geologic interval. After removing 
failed (misrun) DSTs, the remaining DST results were then separated into three groups. The first group (Positive DSTa) contains wells that have 
recovered oil or gas (in either the drill pipe or the sampler), or those that list oil or gas as the primary component of the fluid/gas mixture (e.g. 10’ 
mud cut oil) in the description. Secondly, Positive DSTb wells display results for oil or gas as the secondary component of the fluid/gas mixture 
(e.g. 50’ gas cut mud). Although Positive DSTb wells do show signs of hydrocarbons, the hydrocarbon signal is considered weaker than those in 
the Positive DSTa group. Lastly, the Negative DST results have no indication of hydrocarbons. Detailed information for each DST (time-
pressure data, interval depths, fluid and gas recovery information) can be accessed through the well file database maintained by the North 
Dakota Industrial Commission (NDIC) Oil and Gas Division.

Production for each well was determined using the NDIC's Production Pools and associated monthly production totals. The production pools 
utilized are shown on the Production Map for each interval. Cumulative production for each well was calculated through September 2019.

This project is a summary of the Madison Group’s production and drill stem test results. Map sets include a production map, cumulative production 
map and DST results in North Dakota’s portion of the Williston Basin. The Madison Group is highlighted by the red box on the North Dakota 
Stratigraphic Column on the left. A representative log of the Madison Group is shown below along with a map showing the well’s approximate 
location. 
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