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Abstract

Parshall Field, a Bakken reservoir, located in Mountrail County, North Dakota, is the discovery of the year for the Rockies.
Discovered in 2006 by EOG Resources, it is an unusual and complex, stratigraphic-type trap. It has developed into a huge resource
play covering some 40 townships, over 950,000 acres, and still expanding. The North Dakota Department of Mineral Resources
estimates recoverable Bakken oil reserves for North Dakota at 2.1 billion barrels, less than 1.5% of oil in place. It owes its existence to
the development of horizontal drilling and modern frac techniques. Geochemistry, seismic, faulting, stratigraphy and trap components
are discussed. Parshall gives credence to the belief that large, commercial oil and gas reserves in similar-type traps and reservoirs exist
in the U.S.

Selected References

Gerhard, L.C., S.B. Anderson, and J.A. Le Fever, 1987, Structural history of the Nesson anticline, North Dakota, in M.W. Longman, ed., Williston basin:
Anatomy of a cratonic oil province: Rocky Mountain Association of Geologists, p. 337-354.

Penner, L.H., and Cosford, J., 2006, Evidence linking surface lineaments and deep-seated structural features in the Williston Basin: Saskatchewan and Northern
Plains, in Oil & Gas Symposium: Saskatchewan Geological Society, p. 19-39.

Copyright © AAPG. Serial rights given by author. For all other rights contact author directly.



AAPG ANNUAL CONVENTION AND
EXHIBITION 2009
DENVER, COLORADO

TOPIC

PARSHALL FIELD, NORTH DAKOTA
Discovery of the Year for the

Rockies and Beyond

by
MICHAEL S. JOHNSON



SASK.
- - - - - - ..
] 96 ™ 94 —
¢ PAULSON |* SHORT s F Ve 4P ° N
m KIMBERY ) lT‘PNef F!.JP: ';‘NG RTH STAR
s G co:_u] BUS” *® * 1@ pereufs
FILLMORE| o J) BAUK L-NDONAN RIVAL M SPIRAL
@ FORTUNA ®jun0 | o LARSON BLACK i
. @ noonpw ¢ SLOUG RENNIE '\ o MINNESOTA
- D | \" | D E % 1] i R ®
C ) NE ILLS
WRITING ROCK GARNET RDER Nc KINNE
: g SABLER FOOTHILLS : ’ ’ Twoon m
s .151‘,”DANEVILLE Musm;lumsn DOLPHIN® o ’ f D ik
£ 1 uPLAND o | o | ] ; .
g : o [veRAR HATLANDS VIKING &LUC\’l 4 DIMOND NORMA
ke J
}'lﬁﬁﬂ ILD ROSE & HAMLE s # BROS VENTRE
TBRUSH LAKE % . [
: i ) THOWPSON LARE®, &
33; ® GRreen RIVER ¥ coRINTH " SAUK | N L b i
- @ ®BARBUTTE #® BADEN
| HANKS NW. M GREGOR -
- b EOG Ross
8 ® WiNNER BIG MEADOW @ . TIBGA
s CLIMAX Le milboy s € 104 COULEE
g i I .| Discove ;
-4 e O
. TIOGA
31 5 NA sso I 2005 SW A
L
:
™ NTICLANE™. || 7°1”
. EST a®|e LEASANT VALTEY aEHTl—OLEﬂ
FIE i
[ ]
DOLLAR| ®
JOE |e BEAVER LODGE
3
= Pmcscoy MANITOY STANLEY
1 ¢SPRINGBROOK | ®BROGKLYN M|({O U|N RAJ|L
5 STONER CREEK CAP
8 STOCKYARD CR. e
2 | nourbmuwusT I Wilistod] CATWALK HOFFLUND
#154 PAINTED A . OSLOE
@ Wi E CHANCE
5 LONG
H CR )
zTI ?O - & creek ® © EOG
153 * ‘
KEEN
- ; L rsha
® A [ Rt UNION| o
1 Eg ® HlLis @ BANKS | CENTER" HAWKEYE H
CLEAR CR
g P P Discovery
%[ cR Ve 1,rOE ELIDAH @ .
ﬁ‘lsg ASSINIBOINE DER DIMMI BLUE BIG 5‘;‘9 2006
veesse M) voalltch GARDEN|  LAKE BUTTES
RAWE, : s & FANC] =5
CAR Sty (] SPO
< uTT s ® A Burris LORN -
L ®
RONGHQRN 1 Reservol
YELL ONGHERN  1MBER CR RERSNG @) | ]
NORTH FOR|
d = | F ®[CROFF
Mc N gps & ol N z ¢ SQUAW CR MANDAREE
-DAK WEST C%EK a CHERRY CREEK BEAR DE! ¢
R103W | ®102 @101 1 28 88 Z 84 93 2 il 20
X UFFALO WALLOW v B o EAGLE NEST 2 BEARS TAL
. - ' ) LOST BRIDGH AR
N-DAK SOUTH ' ‘ WING CR OUND TOI S
> Gv-pu - Ny A nghe BUTTE. UTTH]
21 ,‘_ &h i
| -5.’,'3‘@.*"“' ﬁ LONE




SASK.

. s L] - . - -
101 7 T i~ . Ba o [ a1
OLGAN 4 o PAULSON |© ) > o N, > ‘ of °.
G DIPPER BROSEE' of £ o o KIMBERL A ujyﬁr HUN QVORTH STAR PL
WEET ) .
= P OS,EBLOOMM = Crosby co;ulsus . * | pereLe * =
GOOSENECH PRAIRIE—E e o ) BAUKL-NOONAN RIVAL and SPIRAL s%vcfu':Mg
§ FORTUNA ®iuno | e LARSON BLACK e ( 2
, { noonpw © sLoug| RENNEE B , MINNESOTA
A D | v I D E '& ] JE o R e
. 7 ? NE ILLS
WRITING ROCK | @@ & GARNE camen” POROER .- om &, beTwoon Ne KINNEY
b 'BlepanEviLLE MUSTA ol uver DOLPHIN® ‘ ? facm?%nocx =y &
’ F N . A .
bE UPLAND = [P ! ¢ .
R : lMORA"g; 1 HAYLAND® _ VIKING # LuCY l p D"T“'O"D NORMA
i
_jlm WO ROSEL @ HamLE N T'°G|'“ # GROS VENTRE
=BRUSH LAKE e “ [’
; L
® T N LAKE ™ B
1B ® cheen R‘VE‘R Bcorn T THOMPSON L 9 r NIOBE GRE&N
H BAR BUTTE VARVILLE B R i
HANKS NW. M: GREGOR .
@ BLUE RIDGE é
5 *® R BIG MEADOW g o TIGGA
urie miboy e ot CouLee e o
| ‘ Activity
® i [ J
e T NESSON ™ L ;
%soom_ucx = I P SW A
=5 | ANTICLANET™. §7° o o End-2008
Iocrrsn | < - T
atls LEASALE VALLI T
. @ BONETRAIL FIELD ekl ® o BERTHOLD
L]
e TYRONE g DOLLAR| ® )
JOE le BEAVER LODGE
FASSOURI ™9 « | T
garoy | RIDGE \, L 2 S EPPING MANITOU N
TANDY & o SPRINGBROOK J @BROCKLYN Mlo uln i
i STONER CREEK
! KY) R. .
28] oroul cqpire Wilistog] CAT WALK P y = orFLuno @
2154 _PAINTED Topo l& o OSLOE
* woop CHANCE
) LONG
: SAND
2W[ el B CREEK o 1
153| oo ‘ WABEK
: : V]
D [ ] [ L
@ ' o . UNIO! AN '\ )
.1 g '.. HiLs o BANKS r:s[q:: . awieeS :
et e J q . o
CR o E v
5' . A‘Iﬁf:‘ . o "W 516 sEND
'§151‘ SSINIBOINE NDER DIMMIC BLUE
/ L MELESS o “ - 1o?cc>GAﬂnr:~ LAKE BUTTES r
-4 “aam B SPOTTED
= : FANC]
< i a o A BUTTES HORN.
ONGHQRN RERSEING () g j
o o TMBERCR |  nORTHFOR )
H-r ) ] I @fROFF | \
M C o vreiore E o |N z 0 soudly cr ’W\ND EE
.DAK WEST T OV |- cRRY CREEK BEAR DE
: CREEK > &
R103W | ®402 @ 101 1 99 38 | 1 hlaa 2 i
Petro X UFFALO WALLOW * EAE
raphics - LOST BRIDGH R HEART
- YSTACK j | BuTTE
: wocsouri b shgEbwiG o ounntof egbreIcK @ | o ey
“ o T Ao, o 2 Do <8l v ¥ o sm"‘!,, .
= S A A TIRE




SASK.

Present

1,245,000 Acres

1,950 Wells

640 Acres

350 MBO/well

REC. 700 MMBO
plus

Extensions

Downspacing

Secondary Rec.

Three Forks

ONE BILLION BBLS

ATTAINABLE

- .- - e - e - L] - L] N e e i - -
101 100 86 95 B |~ 03 —= w -
OLGAN_ o PAULSON SHORT CRa - Fi NV 4 :
G DIPPER |AMBROSE[ of £7N o KIMBERL) -—r:‘? 5 STONY HUN . NORTH STAR PLEABA
N WEST[® 2] :
1 AMBROSE | OOMING = Crosby coLubsus ™ ® “ o pereufs
R
GOOSENEC PR T TMORE J BAUKGL-NOONAN RIVAL el SPIRAL by oo
FORTUNA ®iuNO | & LARSON BLACK . . ] .
T noonn SLOUG| RENNIE yvf ' MINNESOTA
o 1| vl |o [ |$ .t EVA e L R Ee
- g v N EFOQTHILLS
WRITINGROCK | @@ & GARNET « BORDER p ® & HSTWOOD Mc KINNEY
SABLER FOOTHILLS . Iy
MUSTA P[UMEFI DOLPHIN g COTEAU
- i . o ¢y | FF |* sHockEY
& UPLAND = [ [4
Lr.tomm; HAYLAND » G # Lucy DIAMOND NORMA
WiLD RoSE| * p hav Tl O ROS VENTRE
GREEN RIVER B T . NIOBE
BAR BUTTE 9 BADEN
HANKS _—— NW. Mg GREGOR E b
hoiia 3 BLUE RIDG | i
L ¥ WINNER BIG MEADOW by TIOGA
.?CL"-W; LITTLE MUDDY Rt COULEE
55 sl o e E :
—‘—'iB&SF MTN CHURC NEWHOM A >
=
=B NESSON " P
1Q (w [V L I A M S .
> | ANTICLANEY™. 1| 7°
» ; WEST a%]s ALEAS. BERTH{
ANK v
P  FIELDS™
DOLLAR| ®
b= o JOE | BEAVER LO|
ASSOURI 2
'hlEBROb{ E W
TANDY @
ANDY @Y < pRINGBROOK 5 BROOKLYN
3 ) STONER CREEK c
28 STOCKYARD CR ® o
! rouND PRAIRIE E PR HOFFLL!
=154 _PAINTED SLOE
~ waop NG -
R 3 TEAND
2 R )
,I 7 is..auu & | creex @ .
153 % WABEK
p KEEN —w
] o @ Ly
4 i x s & UNION] ’% ;
1 Bl & HILLS @ BANKS CENTER e PLAZ
CLEAR CR
- o B w' 2 [* ot Yo
8| CR l Ve - E ¥ 2
s st (X ANDER mwwc.. BL
SSINIBOINE "N LeuTT i
o ® [auELEsse |‘ . 10{;‘2&: b GARDEN|  LAKE| ¢
| 8 E AN
WSO ANCHS
/" Uﬂg ) -"_ BUTTES
RONGHQRN RSEING [ :
YELL T, TMeER CR NURTH?OR o | @. Crcy MOUN
ik (e F] B 2 ®[CROFF !
: b M C e of [N x " Sf  CENTENN
N-DAK WEST CREEK HERF EEK BEAR DE = g
e . | - | as @] 88
R 103 W 102 8 101 100 98 56 I 36 ]
» 0X WBUFFALC WALLOW . [BEARS TAL
* - % LOST BRIDG
) a
N-DAK SOUTH ‘R WING CR OUND TOR @fRYSTACK
R Graprca, ine Al gt : i ,:. - BUTTE | ®BUTTE e
y bronsns wos . ) BEAR “ajn
| T ’{?:’:i“‘f e REEK | g




© Copyright 2000 Terra Graphics. All rights reserved. Reproduction or recording
in any manner is strictly prohibited without prior written permission of =
Terra Graphics 800 East 73rd Avenue, Suite 2, Denver, Colorado 80229
303)530—6148 emall terragraphicsgdgmail.com
s preae 7

- oo, 4L ——h—
_S_ - _! .,...@ :'

Phone (303) 830-8280 Fax (
— ] ‘.-', hr'--

For o~ N
ELM COULEE
(Bakken)
550 Wells
45,000 BOPD
350 MMBO Reserves




2004-PARSHALL PROSPECTIVE AREA

'}
LONER ‘ anvic | i hLLEY r_r-‘
R 8 i B » E : ) mi TR ) BERTHOLD
SHOT GU 158 ; EAS
i ROCIY POINT. - Trrone (ST O Pee”
- FROIDS. VN5 - —
Mo CABE B MISSOURI™ T ?
81G MUDDY CR. (RED %1, wesmon | RIDGE o i
@ N 1 TANDY . BROOKLYN

& Yte | SPRINGBROOK

gummlo POINT i | STONER CREEK

- STOCKYARD CR.

r»\ o s BAINVILLE !154 ROUND PRARIE 1, OATWALK: 08LOE
N i - -
Nt W. BAINVILLE PAMTED LAST CHANCE
. AN % AR e
o) P -t v ‘ =
FROG COULEE oL b i o5
MONA DUBOUT (N \]
CREEK s e s,

CHARLIE HOLX
K MIDOLE PASS

STAMPEDE  gioux pAss |, I _ FRLL ]
- " PLAZA
BLUEHILUS _ %dux T « - o ¢ %,
’ - ELIDAN @ CAMEL d
AUEXANDER DIMMICK | GUTTE « BLUE T BEND
TosfitcO GARDEN  LAKE BUTIES
’ FANCY ¢ Abal B
[ ] SPOTTED
BUTTES HORN \, Garrison
PERSHING e | Resevoir
R TMBERCR. oo e Ny LUCKY MOUND
- 5 <L |
= L CROFF RAUB
—-= v A, M E i 1 E SQUAWCR.| . MANDAREE CENTENNAL
188 ) \oN-DAK WEST ’ BEAR DEN = .
ROYAS R13W  “1025 101 100 9 0 L0 95 9 8 " o - BEARS TAIL
BOX CAR BUTTE - ¥BUFFALO WALLOW EAGLE NEST
REE B 06 57 8 LOST BRIDGE HeANy
SOUTH MON- W GCR: HAYSTACK
ROYALS Qﬁnmlﬂlbﬂl.u-n A Moo vy ; DA BOUTH RO;IG!%EO( BUTTE MOGCASIN
e b CREEK
o Qs e £ W41 T34 e 8.0 2, O, et s LONE BEAR
HAO b o v CREEK

Mountrail County, North Dakota




PARSHALL AREA

===_
= 2
ELM COULEE FIELD
TYPICAL WELL
i U = Y ==:
" =BAKKEN
*‘F‘.‘ °°°°°°°°° : asin 44’ g
HE £
H e 111 ; R H
‘]; 28 :lu‘m HHH%‘;H' C[IC|THREE gy
gjj§=" a1l FORKS
- BAKKEN CROSS-SECTION

ELM COULEE FIELD TO PARSHALL AREA




R95 W R93 W RO1 W R8OW
T - N 1 _i T
157 : T’oga & jt '\\\\ \\\ 157
N R I : e N
N\
A " ¥ - @
= i e
» Beaver -
T LOdge LINL L ‘ T
155 RS 155
N N ' N
\,\ 1 \\ H \ \ \{
1LY vl 3 \ § % |
Wi ANEA
T I\ N \ -
1 ) : N TN
._jls 3 TNF \\ - 153
harison T _ N
e - Antelope Jf .
k| i \
1 LN i \
N A
i 5 N [ ]
151 HH \ SN 151
N " 1 TR N
RO95 W RO93 W R91 W R89W

Nesson Contours
Deep Tests — 2006

Horizontal Wells
ey Wells

Maturity Map




(1982)

e

GULF-No. 1-24-2B Nelson
NE NE Sec. 24, T156N-R92W

K.B. 2344'
— - - e
= : =i
LODGEPOLE % : % -
Upper Shale -g;
T 2 } m
Middle- Member = : E_——:EL——
BAKKEN . ‘2?’ 9600 - ;. :
. Lower Shale
e —— =
THREE FORKSE=! =—m

T.D. 10,505’ (DUPEROW)

DST 9556'-9657’ (BAKKEN)
REC. 30" OGCM, 140 CC OIL, 1260 CC MUD
FP 178-1934#, SIP 2535-5084#

(1981)

e

LEAR-No. 1 Parshall S D
NE NW Sec. 3, T152N-R90OW

K.B. 1967
BT 00 2‘:—”&_ _—.—-‘
; S e LODGEPOLE
i
S====== =55 Upper Shale
==
S== - EE .
=== EsE = =| Middle Member
=25 Sesi = BAKKEN
] Lo et
f 9200
Lower Shale
S : THREE FORKS

T.D. 12,555’ (RED RIVER)
BAKKEN- NO CORES OR TESTS




RO92 W ROO W R88 W
o
i § N \'S A ) i T
156 A\ \ 156
N T N
\
N N
bt \
N ‘
T ¢ !
154 > 1 154
N } 21y ]l N
*‘*r[\_. N j
o \ N N
N1 e -
YT i .
o B ]
Y 1 1 T
152 B B IS 1 152
N }e‘\\d’ g{ Wil s 7§ @ N
*Gi-éo | C 3 :
Io"* N
RN f
e = \
T ‘ 3 it \I_l&ﬁdralil N l_ B i _' T
3 N
150\ ki NG 180
N RERLDIR N
RO2 W R88 W

RO9O W

Madison Contours

PARSHALL AREA
.Bakken Wells Drilled Till 2006




RO92 W R90 W R88 W
| 1"}
T N AN 7T
156 a 156
N R NZa8 avill
\
aN
g ﬁ“‘lf 4
: 1
T m I T
154 54
N > N ] N
u ‘
! b
\ —
¥ o i 3
152 i £ 1152
N S L B N
«-éq . L :
14 A\
, Yo \ A\ ountrail || o. i :' T
T \ ~XDung | | |5 0.
150\ h 150
N N
R92 W RO9O W R88 W

PARSHALL - SANISH FIELDS - 2009




BAKKEN TRAP MECHANISM-PARSHALL FIELD
A UNIQUE-TYPE STRATIGRAPIC TRAP

- Carbon dioxide and water are released during kerogen
formation and in the early stages of hydrocarbon generation
resulting In increased acidity of formation waters.

e Hydrocarbon generation from the Bakken Shale appears to
occur at a low thermal maturity (420-430 degree C Tmax range),
which is lower than most sulfur-lean shales.

*These processes generate migration conduits (acid etching,
secondary porosity) and hydrocarbons of very high quality (high
gravity, low viscosity).

eHydrocarbon generation and perhaps carbon dioxide
volumetrically pressure the rock matrix. This volume
Increase generates superlithostatic pore pressure causing
fracturing and oil migration.



BAKKEN TRAP MECHANISM-PARSHALL FIELD
A UNIQUE-TYPE STRATIGRAPIC TRAP

The unique feature of this trap Is that the mature-immature
boundary is a barrier to oil migration and forms the eastern
boundary of the oil accumulation at +/- 8750 feet. This boundary Is

likely caused by the lack of migration conduits, secondary porosity
and pressure from hydrocarbon generation.



BAKKEN TRAP MECHANISM-PARSHALL FIELD
A UNIQUE-TYPE STRATIGRAPIC TRAP

Production rate in a given area is affected by:
A. Organic richness, labile organofacies and thermal maturity.
B. Thickness of the Bakken Shales.
C. Facies and stratigraphy of the reservoir beds in the Middle Member.
D. Periodic, compartmented tectonic faulting, including wrench-type.
E. Drilling and completion program.



BAKKEN TRAP MECHANISM-PARSHALL FIELD
A UNIQUE-TYPE STRATIGRAPIC TRAP

Characteristics are:

A. It Is one of the lowest thermal maturity olls in the basin based on
oil light hydrocarbon analysis comparable to the Lodgepole Mound
oils although there may be mixing with more mature oil.

B. Very high productivity.

C. Low Rt.

D. Fracturing is the dominant porosity-type.

E. Gamma ray Is affected by high uranium content.

F. Pyrite affects log analysis.

JOHNSON AND JARVIE
2009
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Comparison of Bakken-sourced Oils
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60% of U. Bakken Kerogen
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U. Bakken Shale has one of the highest contents
of hydrogen-rich kerogen
(fast acting, quick saturating)
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