PSRe-Evaluating Petroleum Potential of Birdbear Formation in McKenzie County,
Williston Basin North Dakota*

Francis C. Nwachukwu?, Richard D. LeFever?!, Stephan H. Nordeng?, and Timothy O. Nesheim?

Search and Discovery Article #11103 (2018)**
Posted July 23, 2018

*Adapted from poster presentation given at AAPG 2018 AAPG Annual Convention and Exhibition, Salt Lake City, Utah, May 20-23, 2018
**Datapages © 2018 Serial rights given by author. For all other rights contact author directly.

'Harold Hamm School of Geology and Geological Engineering, University of North Dakota, Grand Forks, ND, United States (francis.nwachukwu@und.edu)
2North Dakota Geological survey, Grand forks, ND, United states

Abstract

The Birdbear Formation in the Williston Basin is a carbonate-evaporite sequence that extends across western North Dakota, eastern Montana,
southern Manitoba, and southwestern Saskatchewan. This study evaluates role of diagenesis on porosity and permeability, as compared to the
depositional patterns/facie of the Birdbear Formation in McKenzie County North Dakota, to re-evaluate its petroleum potential. This study
looks at: 1) core and thin section examination; 2) performed geochemical analysis (TOC Rock-Eval program pyrolysis); 3) wireline log
correlations of the formation; and 4) nuclear magnetic resonance (NMR) spectroscopy measurements was used to determine the role of
deposition and diagenesis on porosity types, lateral and vertical distribution of reservoir porosity, lateral and vertical distribution of prospective
source beds and anhydrite seals.

The Birdbear has two distinct units; 1) a lower carbonate dolomite-limestone (boundstone to wackestone) unit, with abundant organic material
that is being evaluated as potential source material for hydrocarbon production using TOC Rock Eval Pyrolysis; and 2) an upper anhydrite-
carbonate (packstone) unit that has the ability to entrap migrating fluids within the study area. Rocks in the upper section of the lower carbonate
unit were exposed to high diagenetic alteration that enhanced permeability and porosity types that includes, intra-crystalline, inter-granular,
solution enhanced, and moldic vuggy porosities. These were confirmed by NMR spectroscopy analysis from marked producible fluids
indications and porosity maps across McKenzie County (center of the Williston basin).

The rocks in the formation showed marked selective or partial dolomitization, micritization and dissolution of calcite cement from inclusion of
brines, creating excellent reservoir rock qualities of porosity and permeability (15-20% ®, 20-85 md perm). Hydrocarbon production in the
Birdbear Formation has been documented to be from restricted intervals of varying lithological thickness up to a feet, from two distinct
dolomitized zones. TOC Rock-Eval program pyrolysis data indicate fair to good distribution of prospective source beds (1-2% TOC) that are
thermally mature and within oil generating window. This indicates the Birdbear Formation may be a self-sourced hydrocarbon system within
the Williston Basin.
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The Birdbear Formation in the Williston Basin is a carbonate-evaporite sequence that extends across west- The Williston Basin is an intra-cratonic sedimentary basin in the heart of North America that covers several NDGS 1343 |Limestone 10551 30 31 11.339 2.646 . . 02 Petro-physical analysis of rocks of the Birdbear Formation indicate two sub-units are present. These consists
ern North Dakota, eastern Montana, southern Manitoba and southwestern Saskatchewan. This study evalu- thousand square miles across parts of North Dakota, South Dakota, Montana, Manitoba and Saskatchewan. fﬁ‘:gg;‘fe 18233 2‘7) ;g 1(7)-;(1)2 ii?g MESIDLH 08 G. PENNZON EXE ORATION 2 PHOMUCTIOH 0. of dense mixed anhydrite and dolomite unit marks the top facie from core and log interpretation, and the
ates role of diagenesis on porosity and permeability, as compared to the depositional patterns/facie of the ~ The rock unit’s range from marine, shallow marine, non-marine, sabkha conditions and fluvial deposits that NDGS 2373 775 0o mite 10482 10 10 4.074 2.455 basal unit of dolomite to limestone organic-rich beds facie with abundant fossil assemblage that includes
Birdbear Formation in McKenzie County North Dakota, to re-evaluate its petroleum potential. This study = were laid down from various land modifying events over several millions of years. NDGS 2602 [0t oo =2 252 s 2:022 S | — hemispherical and laminar stromatoporoids, amphiporas, crinoids, gastropods, brachiopods and ostracods.
looks at: 1) core and thin section examination; 2) performed geochemical analysis (TOC Rock-Eval program Limestone 10928 20 20 8.345 2396 g ; |
. . . . . . . . . . . . eqq s . NDGS 2820 - - . I ] ] . :
pyrolysis); 3) wireline log correlations of the formation; and 4) nuclear magnetic resonance (NMR) spectros- In North Dakota, the Birdbear Formation 1s one of the producing units in the Williston Basin that has not Soloftmte igig; ;g 2613 — 350-;‘ ;2;2 E E . Total organic carbon (TOC) content were found to be about 2%, with a type III kerogen from Hydrogen
. .. . . . . . . . . . IMestone - - . . .
copy measurements was used to determine the role of deposition and diagenesis on porosity types, lateral ~ been extensively studied, but may have great potential for hydrocarbon production because of its unique NDGS 2967 5 omite 10542 > >4 7118 3.001 ] | = Index vs Oxygen Index plots on the Van Krevelen diagram, but could have been from type I or II as associ-
and vertical distribution of reservoir porosity, lateral and vertical distribution of prospective source beds and lithology (deposited in late Devonian regressive phase, (Halabura, 1982), thickness, porosity and perme- NDGS 3086  |—Limestone 10519 36 37 13.008 2.767 o K N o ated with marine depositional environment that the Birdbear Formation is known to be. However, source
. eqe . . . . . . . Dolomite 10508 67 67.5 21.217 3.157 = | 1 1 b d k 1 h h h h 1 . ; d ll #12962 d b bl h d l
anhydrite seals. ability, extent and distribution of lithofacies. To better understand the Birdbear Formation and re-evaluate Do ac1a |_Limestone 11076 > 554 10.063 > 434 E = | J . eds (roc .S) Samples have goone.t rough t 1€ 01 generating window (we | )s and probably reache ate
its petroleum potential in the Williston Basin, this study was aimed to recognize and identify the distribu- Dolomite 11087 22 23 10.063 2.186 - 1{ ; e = stage of o1l generation, indicating that original kerogen has been converted into oil and gas, with average
. . . . . . . . . « 4 . . . . Li t 10678 16 19 6.038 2.649 = S [ <, . “ 1.
The Birdbear has two distinct units; 1) a lower carbonate dolomite-limestone (boundstone to wackestone)  tion of sedimentary facies within the study area, evaluate source-bed potentials and its mappable producing NDGS 5742 [—===mn Y v = 1533 > 5995 E P | 3 | j Tmax value of 448 (Peters 19806). Theretfore, the basal unit 1s self-sourcing, thermally mature and within the
unit, with abundant organic material that 1s being evaluated as potential source material for hydrocarbon pro- thickness, determine if facies are thermally matured, type of kerogen present and if within oil generating NDGS 12240 |Limestone 10977 19 20 7.118 2.669 : ?6 i 1 - oil generating window in the Williston Basin.
duction using TOC Rock Eval Pyrolysis; and 2) an upper anhydrite-carbonate (packstone) unit that has the ~ window, interpret facies changes from diagenetic activity in relation to porosity types and permeabilit Dolomite e = s = =222 —- - | - i ~ H
g yIOlysls, pp y p ’ p .g . g . y = p yyp p Y NDGS 12065 | Limestone 10993 10 10.2 6.136 1.629 ; PE— 3 , , , , , , , , ,
ability to entrap migrating fluids within the study area. Rocks in the upper section of the lower carbonate unit ~ trends and the general over view of its reservoir characteristics. Dolomite 10972 15 16 3.436 4.365 3 2 [ I | | 1 'Lt = - High diagenetic alteration of the rocks of the Birdbear created high reservoir quality from solution enhanced,
' : : ° ‘1 ° ° Figure 5. Typical core of the Birdbear Formation from well #12962 showing facie changes across the formation Limestone 11572 33 34.8 13.205 2.499 = E Fa - | 11— s recrvstallization and vu orositv tvpes with an averace value of about 12.5%. with average nermeabilit
were exposeq to .hlgh diagenetic alt.eratlon that enhanced permeablhty an.d. porosity types that includes, | | | | | | o N NDGS 19918 [——==="2~ TPy ” — G, ~oc o 1 }" - | | - & =n Iy vuggy p y typ | g L /): gep ADLILY
intra-crystalline, inter-granular, solution enhanced and moldic vuggy porosities. These were confirmed by  Thirteen cores were examined for petro-physical and thin section analysis to evaluate distinct depositional Limestone 11416 17 18.5 6.136 2.771 | — : . = : —L—L value of about 4.8 millidarcy. Nuclear magnetic resonance (NMR) analysis indicated that dolomite facie em-
. . . . . . . . . . . . . . . . . . ) ] . . NDGS 21786 Dolomite 11428 13.5 16 5.105 2 644 Flgul‘e 14. A cross-section Of WGHS #12249 and #12962 ShOWlng Stl‘atlgraphy Of the Blrdbear Formation Wlth 1ts COrrelated bOdieS more rOduCible ﬂuids (h dr()carb()n enerati()n) in ore spaces (Green and Veselinovic 2010) With
NMR spectroscopy analysis from marked producible fluids indications and porosity maps across McKenzie  facies related to environment of deposition, its changes, distribution and extent, degree of burial and diage- ~Evaluate porosity level and type from thin section analysis. — TELE - — XY T porous zones A and B, depths and thickness with associated water and oil saturation, TOC, HI Index and OI Index. nore pro | y g pore sp | : :
County (center of the Williston basin). netic alterations of potential reservoir evaluation. Core plugs were soaked in distilled water for two weeks NDGS 24123 75 o mite 11379 24 27.5 12.223 1.964 production restricted to intervals at an average depth of approximately 10,800 feet, that 1s traceable laterally
to saturate pores and then placed in an NMR spectroscopy machine. Samples runs were from four hours to Table 1. Summary of core analysis from NMR Sprectroscopy of 13 wells used for porosity determination. 4 and continuously across the Williston Basin. Limestone facie holds more capillary fluids (formation water)
The rocks in the formation showed marked selective or partial dolomitization, micritization and dissolution  twelve hours to evaluate the size distribution of pores within limestone and dolomite facies of the Birdbear £ associated with hydrocarbon migration in the formation.
of calcite cement from inclusion of brines, creating excellent reservoir rock qualities of porosity and perme- Formation. Over 1100 compensated neutron density logs tops were picked for facies mapping and correla- Py ———— PP — — — — *’f;
ability (15-20% ®, 20-85 md perm). Hydrocarbon production in the Birdbear Formation has been docu- tion, and additional 150 logs were digitized to determine porosity zones and hydrocarbon producing inter- s _ - FTETE 2 An Isopach map of the Birdbear Formation with a maximum thickness of a 100 feet, indicate that sedimenta-
. . . . . . . . . . Good fo excellent food o excellent 5 - v 'E g S s E EE . . . . . . .
mented to be from restricted intervals of varying lithological thickness up to a feet, from two distinct dolomi- vals across the formation. 3008 f £ i3] ¢ = tion thickens in the center and northeastern sections of McKenzie County. This further corresponds with po-
tized zones. TOC Rock-Eval program pyrolysis data indicate fair to good distribution of prospective source 3 g 3 ; 3 rosity map of the B porosity zone, synonymous with high hydrocarbon production from a potential hydrocar-
beds (1-2% TOC) that are thermally mature and within o1l generating window. This indicates the Birdbear =~ Rock-Eval pyrolysis of eight pulverized samples of weight (65 to 80 mg), were placed in crucibles on a | : s bon play system. Interpretation from the Birdbear contour map shows that hydrocarbon potential 1s further
Formation may be a self-sourced hydrocarbon system within the Williston Basin. source rock analyzer (SRA) analysis machine and were gradually heated under inert atmosphere to deter- J L ] enhanced by both the Beaver Creek and Nesson anticlines, providing structural, stratigraphic and combined
£ ™ . . . . . .
mine crackable hydrocarbons (TOC) from source beds of the Birdbear with a steady and gradual heating - trap reservoirs in the south-central and northeastern portions of the Williston Basin. However hydrocarbon
increase from 300 to 6500C. This study covers McKenzie County in northwestern North Dakota from production in the Birdbear over the last decade is estimated to be over 500 (Barrel of Oil Equivalent)
available data of producing Birdbear wells and extends a little into the Williams County for a better under- (LeFever Julie, 2009), this could further be increased from more dedicated studies and high technological ad-
standing of potential hydrocarbon production play system. . . . . . . . e . . . . 7 | vancements.
P f R h goLp Y p play sy Figure 6. Limestone matrix showing evidence of vuggy porosity, Figure 7. Dolomitizing limestone matrix showing re-crystallized porosity, E
urp 0sS€ O esecarc characteristics of the lower carbonate unit. characteristics of the lower carbonate unit. :
L EE [ m— ".II
* Identity and describe sedimentary facies of the Birdbear Formation, and determine its lateral extent. -Estimate percentage porosity from NMR spectroscopy. ] A \ Figure 15. Map of wells used in study (blue dots) from McKenzie County, with two cross-sectional wells (blue and yellow stars)
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* Identify, evaluate type and map Birdbear Formation source beds. T, NMR T, NMR 1 | L A | g!
(Plnje-ct francis Helium Porosity 0.0000 fraction N r'Prrnnjeﬂ:'.t francis Helium Porosity 0.0000 fraction A -i i ‘.l. : : é;é %
» Determine the relationship between diagenesis, porosity and permeability of the rock units of the Bird- . . . . g w4 oo . BT G Py i N 2l 1. The Birdbear Formation has a distinct anhydrite, dolomite and limestone lithology that is easily identifi-
, P 8 > P yandep 4 -Estimate the density of source beds using Compensated Neutron Density (CND) logs. Sampte oot DAEGH  Brneremesity p— Sample Dept 0STO  Boin Pammesbitty Ay = 1 YT 24 Y
bear Formation. Legal Location / Block Bl Volume Legal Location / Block Bulk Volume 10308 m . | . | | , | - = able and traceable across the Williston Basin.
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* Determine the stratigraphic and geographic extent of active source beds. Further correlate 1dentified = ﬁ. ===ClN o — Dt it MeRFOMNR e K DTN e Figure 11. Geochemical Log analysis of source beds from the Birdbear Formation. 2. Sediments of the Birdbear are thermally mature and may be self-sourcing hydrocarbon formation with
facie in relation to porosity zones and intervals. ;‘j‘* 8 e O o e e s e N ) N y good (TOC) content that indicated hydrocarbon generation from a type III kerogen, but could probably be a
S e s e - e - "[ROt dup e | type I or II kerogen.
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* To measure total organic carbon (TOC) present, and determine level of thermal maturation of source = i1 m——— — ﬁ " R e ey 5 0 TOC ©C) % Ro 100
beds, generation of hydrocarbon; and evaluate potential reservoir quality related to production trends. B S e e — o Z g % - s 3 TR T e | o5g 570 83 | 70 | 12 | 243 | 074 12963-10971 3. High diagenetic alterations altered rocks of the Birdbear in the study area, producing enhanced reservoir
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