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Abstract

We report here composition and isotope data from horizontal Bakken shale wells in North Dakota that penetrated different sections of
different maturities and found that ethane carbon isotopes in oil-dissolved gases are excellent predictors of maturity of the organic matter of
the source rock kerogens, thus opening opportunities for assessing migration of oils and gases.

The 8 wells of this study are in two maturity domains, based on Bakken Shale Rock-Eval hydrogen indices. The less mature domain around
Squaw Gap and Bicentennial (“SGB) has high hydrogen indices (HI~450 to 530mg/g), whereas the more mature domain around Pierre
Creek, Buckhorn, and Elkhorn Ranch (“PCBE) has lower hydrogen indices (HE170 t 0 270mg/g). Gases from the less mature SGB
wells(GOR~350 to 390) has high %C2+ concentrations (27 to 48%), whereas gases in the more mature PCBE area have higher GOR's (~560
to 720) and lower %C2+ (~30%). In the less mature wells at Squaw Gap (HI~535), the produced gas has ethane carbon values 8'°C2 of -

38 %o, in contrast to 8'°C2 of -34.2%o at the more mature Elkhorn Ranch well 44-25H . Similarly, other isotopic properties, such as the
differences 8'°C2-3 and 5'°CiC4-nC4 as well as isotopic differences between gas components and oil, tend to decrease with maturity. Ethane
8"°C values are an excellent proxy for all maturity-related properties of gases and associated oils as well as rock properties such as HI. In
particular, hydrogen isotope values in ethane and propane are excellent predictors of the onset of kerogen conversion. Therefore, our gas
isotope-HI relationship can be useful in various ways in exploration and production of Bakken Shale plays: The comparison of HI in Lower
and Upper Bakken Shale along the trace of a horizontal well with those calculated from the gas isotopes in the oils will allow: a
determination of the indigenous nature of the oils (no significant migration) or, if a discrepancy is found, an estimate of the migration
distance, using existing HI distribution maps published by the North Dakota Geological Survey. A lower maturity determined from gas
isotopes compared to oil biomarker maturity could indicate fracture zones from which gases from the locally less mature Bakken Shale bleed
into the oil that is derived from more mature Bakken source rocks.
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+ A Few Isotope Fundamentals
* The Bakken Shale Petroleum System
+ Why Gas Isotopes in Oils?
+ Bakken Gas Systematics
* Relationship to Kerogen Transformation

* Gas-0ll Relationship

« Applications
* Prediction of Migrated Oll
* Prediction of Fracture Gas
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Carbon Isetepes In Gases
by LEIPELUE

2 2fe grocassas of oll arnd gas forrrzior)

&
ﬁ
@
O
—.
S
(L
5

513C Methane (%0)
Gas Formati,gn -80 -60 -45 -40 -35 -30 -20
| | | | | | |

Bacterial : i ; '
Methane
: : : : O

o
S
S

Kerogen
oil

ifrce OM

]

Oil Related
Gas

o)
/5]
Y

o]

:-‘h

Condensate

Post Mature Gas
Dry Gas From Qil Cracking

Increasing Temperature

Maturit

Coal Gases and
"Super Mature" Gases

<

10,223 10,445 10,668 10,779 10,980
>




p—
S
S
(¢h)
c
(4v]
-
whd
(¢b)
=
QO
0
Ve

11-26-HBC 13-1-HPC & 3319-HBC O 34-21-HIG

41-17-HBH % 41-18-HBC 3  44-25H 44-7-HPC

Post Mature Lean Gas

\< Poat Mature Rich Gas we. Light il

*3

Co-Formed we. Oil

L

/74 Mixed BacterialThermagenic

Bacterial Gas

20

C2+(%)




Bakken Shale rPetrojeum System
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Carbon and Hydrogen Isotopes
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Why Gas Isotopes in Oil?
Associated Gases in Oils Are GCoeval/to Oil

Ganraor) zigle \Wllejrzics Wit Ol

migrated

100 300 500 700
HI

After
Migration '
I maturity

<

100 300 500 700
Before o 2559C" HI

- . a
Migration ™



Meridian Qil, w % |an il, Inc.
#11-26 H Bicentenr ‘ 44- 7 rre Creek =

| /]

Meridian \ i
#34-21H Sy Ja Gap ""“

’%
11-26-HBC

‘,"\ qr] rigian-Qi¥, Inc.
N \( 1-17H MOI J 9
NN 0104 10 i 4-21-HSQ
{@ 425 MF,L-/ ;
B ( ] I I I I I I I I

100 300 500 700
HI




Eracuure Gas Erom lopi seal

viigration

Before %
Migration &%




. 2R 5

® 365 -

-37.5

Fracture
Gas




GOR

cum Oil

cum Gas

700 4| m™ ]
=1 | [ |
500 4| -
300 — it 1y
400000 4 | . ! =
200000 - | . L |
0 L .
600000 [ — -
300000 -
slimim ia| (nF .
O — I I
| | | | | | 1 r 1 1 1T 1° 1T 1 1T 1T 1
150 250 350 450 550 38.5 -37 -36 -35 -34

HI

13C2



<4

ASIOINS

+ (Gas Isotopes In oil associated gases in the
Bakken reflect the conversion of kerogen to oll; I.e.
maturity

+ Migrated oils can be recognized by mature gases
IN Immature environments

* Fractures can possibly be identified by immature
gas signhatures in mature settings

+ Proxies for oil and gas production: high maturity
gas signatures are indicative of high gas and ol
production





