
7/9/2008

1

Maturity and Organofacies Maturity and Organofacies 
Assessment of Bakken Shale: Assessment of Bakken Shale: 
Implications for New AreasImplications for New AreasImplications for New AreasImplications for New Areas

for Exploration and Productionfor Exploration and Production©©

Daniel M. Jarvie Daniel M. Jarvie 11 and Michael Johnson and Michael Johnson 22

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       1

1  1  Energy Institute, Texas Christian UniversityEnergy Institute, Texas Christian University

Worldwide Geochemistry, LLC, Humble, TexasWorldwide Geochemistry, LLC, Humble, Texas

2  2  Consultant, Denver, ColoradoConsultant, Denver, Colorado

Acknowledgements

• Mike Johnson

• Julie LeFever

• USGS
– Leigh Price

– Rich Pollastro

Mik L

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       2

– Mike Lewan

– Ron Hill (Marathon)

• and...



7/9/2008

2

A toast to Fred A toast to Fred MeissnerMeissner::
MeissnerMeissner Cider 1988Cider 1988

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       3

Talk OutlineTalk Outline

•• IntroductionIntroductionIntroductionIntroduction

•• Geological backgroundGeological background

•• Geochemical ResultsGeochemical Results

•• Hypothesis on generation and Hypothesis on generation and 
lt tilt ti

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       4

alteration processesalteration processes

•• ConclusionsConclusions



7/9/2008

3

Talk OutlineTalk Outline

•• IntroductionIntroductionIntroductionIntroduction

•• Geological backgroundGeological background

•• Geochemical ResultsGeochemical Results

•• Hypothesis on generation and Hypothesis on generation and 
lt tilt ti

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       5

alteration processesalteration processes

•• ConclusionsConclusions

Areas of Current ActivityAreas of Current Activity
Williston BasinWilliston Basin

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       6



7/9/2008

4

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       7

PRODUCTION DATAPRODUCTION DATA‐‐NDICNDIC
Well Name                  Cum. BO         March 08’      MonthsWell Name                  Cum. BO         March 08’      Months

•• BartelsonBartelson 11‐‐3H             192,188             7154                  173H             192,188             7154                  17
•• WarbergWarberg 11‐‐25H            162,698           10,965                 1525H            162,698           10,965                 15
•• Patten 1Patten 1‐‐02H                169,945           13,044                 1302H                169,945           13,044                 13
•• EhlertEhlert 11‐‐35H                 179,788           11,770                 1235H                 179,788           11,770                 12
•• GevingGeving 11‐‐09H                  90,838             9,150                   809H                  90,838             9,150                   8
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•• Herbert 1Herbert 1‐‐26H                93,947           16,254                   426H                93,947           16,254                   4

PayoutPayout‐‐ Less than Less than oneone yearyear
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Next !Next !
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TOC and Generation PotentialsTOC and Generation Potentials
Bakken and Three ForksBakken and Three Forks
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61% convertible organic carbon61% convertible organic carbon
ca. 1900 ca. 1900 bobo//afaf upon upon completecomplete conversion*conversion*
ca.   320 ca.   320 bobo//afaf upon 20% conversion*upon 20% conversion*

* assumes 85% oil; 15% gas from primary generation
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Segregation of Bakken ShaleSegregation of Bakken Shale
by thermal maturity from Tmaxby thermal maturity from Tmax
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Normalized Free Oil vs. Thermal MaturityNormalized Free Oil vs. Thermal Maturity

800

900

1000
/g

 T
O

C
)

U. Bakken

300

400

500

600

700

800

d 
O

il 
C

on
te

nt
 (m

g 
H

C
/

Middle Bakken
L. Bakken
Three Forks

Parshall 
U. Bakken

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       19

0

100

200

300

380 400 420 440 460 480 500

N
or

m
al

iz
ed

MATURITY (Tmax (oC))

PotentialReservoir Intervals

Parshall Bakken Shale:Parshall Bakken Shale:
Free Oil Content (RockFree Oil Content (Rock‐‐Eval S1) vs. TOCEval S1) vs. TOC

30.00

10 00

15.00

20.00

25.00

E 
O

IL
 (m

g 
H

C
/g

 T
O

C
)

High Saturation

Oil Shows/Productive

High oil saturation at low maturity:
begs the issue of migration into the
Middle Member – does it migrate 
into the shale as well?

Actual S1 oil saturation

© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       20

0.00

5.00

10.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00

TOC (wt.%)

FR
E

Low Saturation

Moderate Saturation

Expected  S1 oil saturation



7/9/2008

11

Organofacies Variations:Organofacies Variations:
U. and L. Bakken Shale: U. and L. Bakken Shale: FlecktonFleckton 11‐‐2020
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Why do we tend to Why do we tend to mismis‐‐represent the represent the 
postionpostion of the oil and gas windows?of the oil and gas windows?

Rates of Kerogen Decomposition (kinetics)Rates of Kerogen Decomposition (kinetics)
COMPARISON OF BAKKEN FORMATION KEROGEN CONVERSION RATES
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Differences in Kinetic Computations:Differences in Kinetic Computations:
Mathematical Models
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Selected Bakken Oil Sample LocationsSelected Bakken Oil Sample Locations

Divide Field

Elm Coulee Charleson
Parshall
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© Jarvie and Johnson AAPG Rocky Mountain Section Meeting July  9‐11 2008       28
Modified from Jarvie, 2001Modified from Jarvie, 2001
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Comparison of Comparison of BakkenBakken Oils: GenerationOils: Generation‐‐Expulsion Expulsion 
Temperatures based on CTemperatures based on C77 HydrocarbonsHydrocarbons
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Hypothesis on Generation ProcessesHypothesis on Generation Processes

1. Kerogen formation processes release water, carbon dioxide 
and organic acids

2. Carbon dioxide and organic acids create 
a) moderate overpressuring

b) etch or create conduits for expulsion and potentially secondary 
porosity in carbonates

3. Early hydrocarbon generation is underestimated due to self‐
imposed Arrhenius factor averaging
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4. Kerogen and early oil both flow with primarily oil escaping 
the shale itself

5. Hydrogen index is artificially increased due to organic carbon 
loss as carbon dioxide during decarboxylation
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200° C 392° F

Relative Yield of Gas Relative Yield of Gas
Metagenesis

CH4 4

H2S H2S

J.M. Hunt, 1995, Petroleum Geochemistry and Geology, p. 187J.M. Hunt, 1995, Petroleum Geochemistry and Geology, p. 187

Carbon Dioxide Yield from Immature Boom Clay  Carbon Dioxide Yield from Immature Boom Clay  
Decomposition under Radiogenic Heat ExposureDecomposition under Radiogenic Heat Exposure
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Lorant et al., 2008
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Carbonate DecompositionCarbonate Decomposition
based on kinetic measurements and geological heating ratesbased on kinetic measurements and geological heating rates
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SummarySummary
•• Parshall Field Bakken Shale has unusually high oil Parshall Field Bakken Shale has unusually high oil 

saturations for low thermal maturity and is postulated to saturations for low thermal maturity and is postulated to 
be the source of the oil rather than migrated oilbe the source of the oil rather than migrated oilbe the source of the oil rather than migrated oilbe the source of the oil rather than migrated oil

•• Parshall Field Middle Member oil is one of the lowest Parshall Field Middle Member oil is one of the lowest 
thermal maturity Bakken Shale sourced oilsthermal maturity Bakken Shale sourced oils

•• Organofacies differences exist in the Bakken Shale as shown Organofacies differences exist in the Bakken Shale as shown 
by simple organofacies plots and kerogen kinetic by simple organofacies plots and kerogen kinetic 
parametersparameters
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•• Carbon dioxide and organic acids may play a role in Carbon dioxide and organic acids may play a role in 
overpressuringoverpressuring and conduits/storage for early oiland conduits/storage for early oil

•• Production and these geochemical interpretations suggest Production and these geochemical interpretations suggest 
the possibility of other modest maturity oil playsthe possibility of other modest maturity oil plays
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Thank youThank you

andand

peace be with you !peace be with you !

(shalom, (shalom, salamsalam alakumalakum))
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