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INTRODUCTION

The North Dakota Geological Survey (NDGS) is currently conducting studies of the Cambro-Ordovician Deadwood
Formation (Deadwood) because of the increased interest in CO2 storage in underground saline aquifers. This
document presents the results of these studies to help establish a detailed stratigraphic framework for the
Deadwood. See GI-266 for stratigraphic cross-sections and extent map that may be used in conjunction with this
report. The Deadwood Formation consists of marginal and shallow marine sedimentary units; dominantly thick,
porous, and permeable sandstone and limestone that are present at great depths and thus are ideal for CO2
storage.

The Deadwood Formation represents two 3rd-order depositional sequences deposited in an overall 2nd-order
transgressive-regressive cycle in the Late Cambrian and Early Ordovician Periods (Figs. 1 and 2). In general, the
lower sequence (member A) represents the initial sea-level rise during the Cambrian (Fig. 1A) and consists of
fluvial-deltaic and eolian deposits that give way to more marginal marine (Fig. 1B) (member B) and nearshore
progradational deposits (members C-F) that shallow upwards as represented by 4 parasequences of the highstand
normal regression of the upper sequence (Fig. 1C; Sarnoski, 2015).

This document presents detailed lithologic descriptions from three Deadwood Formation rock cores and one set
of chips from the state of North Dakota (NDIC #6624, NDIC #37672, NDIC #6264, NDIC #38594, and NDIC#155;
Fig. 3). Core was viewed and described at the Wilson M. Laird Core and Sample Library in 2014, November 2020,
August—October 2021, and March—June 2022. Core profiles including: 1) well information; 2) log responses for
gamma-ray, resistivity, neutron porosity, and density porosity (Fig. 2); 3) detailed lithology graphic with generalized
description; 4) sequence stratigraphic interpretation; and 5) core photographs, are presented. The logs are best
viewed using a computer for optimal viewing and printing on 11x17 paper is recommended for readable graphics.

Initial Sea-Level Rise ¢ Transgression : Regression

s A o £
Middle Cambrian (510 Million Yeari)yﬁ

Late Cambriah (500 Million Years) Blakey (2013) Early Ordovician (485 Million Years)

Figure 1. Cambro-Ordovician paleogeographic maps of North America showing transgression and regression of
seaway during Deadwood deposition in North Dakota.
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NDIC No. Field
38594 Wildcat
KB D
2315 ft 12009 ft
Latitude Longitude
46.994918 -101.792969
z
s | o ORI Core Description Profile 2
€128 s |L g
5| ® |2 3| = 177
ZlE|§ als _Neutron Porosity ® Notes Core Photographs
é 2| E 2|0 03 " (Lime) 04 §
Gamma Ray - M W Pm Pg G B Density Porosity _ _Resistivity _ qg;
0 150 [Gore + 4 1= Log ¢ s fU mL mU cL cU vl vcU GR |03  (Lime) 01|02 200 (%)
3 w0 > ,' Black Island Fm. undivided
(@) 1 ] \, L Deadwood Fm. at 11,248.9 feet
4 - 22 \ Regional unconformity
™7 ) \ Dolostone, greenish gray, crude
4 ( ) \ horizontal bedding, minor
1 <L ,' moldic porosity
4] N ,/ Carbonaceous
oo h T !
1 ) ) ! Carbonaceous
1 2 \
Jrizs0 ] / e \
4 ( \ \
4] \ \
4] i 1
4] { I
4] \ /
I \ |I
F i / \
1 \ \
{270 N \
4 F A
| i /’ \\ Limestone (wackestone), dark |
R T L e ‘/ \ greenish gray to light olive gray,
L e e e \ /‘ burrowed, contains some
B B e Ban A ~ / angular clasts near the top of the
B e J\ I’ unit, some good moldic
b B s s o - i
i B / \ porosity
,11MIIIIIIIII // 1
B T T T T 1 \ !
N I I I I !
| — — \ ( i
o h B - \ 52 . N
bt 1 B >’ \ Limestone (mudstone), medium [
o o N : HST dark gray to brownish gray,
; i i by \ (PS_4) laminated to thin wavy beds,
1 ( \ burrowed
2 N j 1 (Part)
Jrzso .
8 1o AN | e More significant burrowing
/
N N Il !
1 | I
4 | i
1300 — - !
4] 1
4 \
N f \
11300 \\
1 1 N Erosional surface
4 ,EEEEES‘ J Limestone (mudstone to
1 K ,’ wackestone), medium to dark
E wod | gray, crude horizontal bedding,
i I ‘\ burrow mottled with vertical,
1 = \ skolithos-type burrows from
oo T \ 11,304.4 to 11,305.0 feet
1R |
1 T t Thin, fossiliferous(?), packstone
1k \ beds throughout
N I 1
1320 I //
b T i
1k ' Cross bedding
~Jiaz0 L \
1R \
i - \
R 1
B 1
4] I
- ,’ Cross bedding, tidal bundles
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Operator

Summit Carbon Solutions, LLC

Page 2 of 6

Milton Flemmer 1

Top Bottom
11327 ft 11409 ft
Well Name & No. Location

NWNE Sec. 35, T141N, R88W

Logged by Date
Jeff Bader Mon May 2 2022
Basin UWI No.
Williston 33-057-00041-00-00
NDIC No. Field
38594 Wildcat
KB T
2315 ft 12009 ft
Latitude Longitude
46.994918 -101.792969
2
= S
5 $lg R g
2l s | o Ol ) Core Description Profile =
el 2|8 £ | L g
> ] Q| = 7]
z| E g 8 = Neutron Porosity ° Notes Core Photographs
é LE 1S o 8 03 (Lime) 0.1 8
@ 3 g
Gamma Ray M W Pm Pg G B Density Porosity _ _Resistivity g
0 150 [Core+ 4 t=Log ¢ s fU mLmU c U vl veU GR |03 (Lime) 01]02 200 (%]
1 7
| T : >/‘ '\ Becomes grainstone from
, = (i | 11,3284 t0 11,329.9 feet
i I 1
4 L > i
R = ’l
i = 1
30 | L ) I
N I \
| L \
4 - ! Becomes grainstone from
g = / 11,339.0 to 11,339.8 feet
il T /
N . I /
B T /
i = /
i T 1
hsso | I S2
i I
| / HST | Sandstone, dark bluish gray to
/ X
B N greenish black, very fine- to
= |I (PS-4) fine-grained, sub-ang. to sub
] \ (Pa rt) rnd., quartzose, interbedded
i \ with thin carbonaceous layers
h \
B \ Becomes glauconitic at 11,353.0
(11360 — \
] ) feet
i !
i /
e / Vertical skolithos-type burrows
/
o] ) 1
o b \
o 7 \
i 1
= . )
e} E { Sitstone/claystone interbeds
© B \
[ R ) Becomes silty from 11,369.0 to
(@) > Jrem , 11,375.0 feet
/
] /
] 1
B 'l Cross bedded, less silty
fss0 | \
i \
i \
B 1
—Jriae0 /
N /
N !
i Il Heavily burrowed (planolites)
] |
4 \
= \‘ s2
) ll HST Tidal bundles
| i ! (PS-3)
e More carbonaceous from
| 1
A i (Part) 11,391.5 to 11,396.2 feet
b I
R 1
11400 — I
R I
B |
B \
Jriao0 \
i \
i |
i 1
N 1
N !
lato ,’ Vertical skolithos-type burrows,
: f cross-bedded
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Operator

Summit Carbon Solutions, LLC

Page 3 of 6

Top
11409 ft

Bottom

11491 ft

We\l_Name & No.
Milton Flemmer 1

Location

NWNE Sec. 35, T141N, R88W

Logged by Date
Jeff Bader Mon May 2 2022
Basin UWI No.
Williston 33-057-00041-00-00
NDIC No. Field
38594 Wildcat
KB D
2315 ft 12009 ft
Latitude Longitude
46.994918 -101.792969
>
2 £
_ 6 |z &
Sls | < Lo Core Description Profile 8
E| 2|3 s |L g
=1 @ Q| = 7]
Z| E|§ 2|5 Neutron Porosty ° Notes Core Photographs
3182 | € > | a 03 (Lime) 01 2
@ S . . e
Gamma Ray M W Pm Pg G B Density Porosity _ _Resistivity _ g
0 150 [Core +4 1t = Log s U mL mU oL U vl wU GR |03  (Lime) 0102 200 (%]
) T
\ Siltstone, gray, interbedded with
N black mudstone
\\ Mud cracks at ~11,410.5 feet
AN Pebble conglomerate/rip-up
420 N clasts
\
) Burrows
1
! Flaser beddin
e \ Rip-up clasts 9
E “ Ripple cross lamination to planar|
! bedding
// Cross bedded
[ / Sandstone, light gray to gray, very|
/I fine- to fine-grained, well sorted,
/ sub rnd., quartzose
11420
I/ Vertical skolithos-type burrows
'\ Cross bedded
\\ Limestone (mudstone), light to
[ 1440 \ dark gray, thin packstone beds
‘\ throughout, some flaser bedding
\ and rip-up clasts
\
o \ Pyritized syneresis (?) cracks at
| 11,440.0 to 11,442.0 feet
1
o) |
| .
8 40 : S2 Mud cracks/rip-up clasts
2 | HST
8 11450 1 (PS_3)
(o (Part)

11460

fia70

[tag0

11490

11470

11480

11490

Rip-up clasts from 11,449.0 to
11,465.4 feet

Mud cracks from 11,460.0 to
11,465.0 feet

Heavily burrowed 11,479.0 to
11,489.0 feet
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Operator

Summit Carbon Solutions, LLC

Page 4 of 6

Top
11491 ft

Bottom

11573 ft

WeH.Name&Nu.
Milton Flemmer 1

Location

NWNE Sec. 35, T141N, R88W

Logged by Date
Jeff Bader Mon May 2 2022
Basin UWI No.
Williston 33-057-00041-00-00
NDIC No. Field
38594 Wildcat
KB D
2315 ft 12009 ft
Latitude Longitude
46.994918 -101.792969
>
— -
5|2 g
2l e | o w3 Core Description Profile 2
E|lS |3 s (L ©
=1 @ Q| 173
Z | E g 8 = Neutron Porosity ° Notes Core Photographs
512 | € 2 03~ Ume) 04 2
o w j=2] [a] (Lime) c
m o g
Gamma Ray - M W Pm Pg G B Density Porosity _ _Resistivity _ g
0 150 [Core+ 4 t=Log c s U m mU c oU v vU GR |03 (Lime) 01]02 200 (%]
! s2
D | 1 | HST
b . 1 (PS-3)
B T | (Part)
S hnsoo | ] \
-1 \
i 1 \
N N 1 \
nso0 | 1 \
i I
1
. I
4 |
i i \\ Limestone (grainstone), greenish
1 7 \ gray to pinkish gray, crude
e i horizontal bedding, pelloidal,
4+ l' interbedded with mudstones
i N \
—nsio — \
R )
i B / Limestone (mudstone), dark to
i / " R
1 1 / light gray, crude horizontal
| I bedding, carbonaceous,
Ins20 - ,’ interbedded with thin shales
1 |
4 1 ‘\ Limestone (grainstone), greenish
s \ gray to pinkish gray, crude
] i \\ horizontal bedding, crinoids,
i i \ pelloids, and other allochems
1 e )/ abundant
nsso | = : = [’ Limestone (mudstone), dark to
-8 1 Bt | light gray, crude horizontal
o ] I’ 52 bedding, carbonaceous,
g Hns0 / interbedded with thin shales,
© ) '\ HST packstones, and grainstones,
8 c ] \ (PS-2) | burrowed
o 1| (Part)

nsa0 —f

{nsa0

fss0 —f

{nsso

fi1se0 —f

{nsso

sz —f

570

Becomes grainstone from
11,552.6 to 11,562.9 feet

Pebble conglomerate/rip-up
clasts

Thin packstones/grainstones

16




Operator
Summit Carbon Solutions, LLC Page 5 of 6
Toy Bottom
11573 ft 11655 ft
Well Name & No. Location
Milton Flemmer 1 NWNE Sec. 35, T141N, R88W
Logged by Date
Jeff Bader Mon May 2 2022
Basin UWI No.
Williston 33-057-00041-00-00
NDIC No. Field
38594 Wildcat
KB T
2315 ft 12009 ft
Latitude Longitude
46.994918 -101.792969
>
= =
. 3= g
2|l | o w3 Core Description Profile 2
€18 |5 =g @
S| 3|2 3| &
Z| E g 8 = Neutron Porosity ® Notes Core Photographs
312 | € o 03 " (Lime) 01 2
O | W o |0 (Lime) c
@ o £
Gamma Ray - M W PmPg G B Density Porosity _ _ Resistivity _ g
o 150 [Gore + 4 t=Log ¢ s U mL mU cL cU vl U GR |03  (Lime) 0102 200 %]
y T
b 1
b I
Inseo \
b |
b 1
R I
Jnsso 1
R I
R 1
R \
| \
i } Thin grainstones
fiiss0 — II
1 ,’ Limestone (grainstone), light
isso \ gray to greenish gray, crude
| " horizontal bedding, burrowed,
) / interbedded with mudstones
] ,’ and carbonaceous stringers
b t
neoo - \
R \
B \
R \
~|neoo \
| \
| \
4 ! S2 Vertical skolithos-type burrows
] ' | HST
oo | (PS-2)
| ) (Part)
_c 1 /
o 7|ve|n /I
o R |
e 1 \
'g ] 1
] fie20 —| II
(@) | I
B \\ Vertical skolithos-type burrows
ez \
i !
] 1
B { Cross bedding
630 — \\
b !
b 1
B 1
e /I Li (sandy g |
4 // grayish brown to greenish gray,
B / fine grained, well sorted,
] // sub ang. to sub rnd., crude
neao —| ! horizontal to cross bedded,
R I’ burrowed, interbedded with
| 1 wackestone/grainstone and
s ‘\ carbonaceous stringers
b \ throughout
] | S2
1
] | HST
1
" \ (PS']) Vertical skolithos-type burrows
\
1 \ (Part)
b \
Jnso |
1 " Planolites-type burrows
R 1
R I
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Operator
Summit Carbon Solutions, LLC Page 6 of 6
Toy Bottom
11655 ft 1730t
Well Name & No. Location
Milton Flemmer 1 NWNE Sec. 35, T141N, R88W
Logged by Date
Jeff Bader Mon May 2 2022
Basin UWI No.
Williston 33-057-00041-00-00
NDIC No. Field
38594 Wildcat
KB T
2315 ft 12009
Latitude Longitude
46.994918 -101.792969
>
— -
% = d
215« w3 Core Description Profile 2
E| 2|8 £|L g
=1 «© Q| = 7]
Zz| E QE) 8 = Neutron Porosity ° Notes Core Photographs
312 | € 2 03 " (Lime) 01 2
o | W o | a (Lime) c
s3] <1 8
Gamma Ray - M W Pm Pg G B Density Porosity _ _Resistivity _ g
0 150 [Core+4 1t = Log c s fU mLmU cL U vl veU GR |03 (Lime) 0102 200 (%]
nes0 — ,I
!
B 1
] ' |
reso 1 Limestone (wackestone to
] N grainstone), grayish white to
4 \ dark greenish gray, fine grained,
B \1 crude horizontal bedding,
o0 B 1 heavily burrowed, interbedded
i \\ with thin dolostone, shale, and
B \ carbonaceous layers
{0 \\
b \
— \
| \
] I
| !
eso 1
| \
N \
| I
I
e |
|
i \ Cross-bedding and ripple cross
i : lamination
] | Thin interbedded grainstones
e | \ S2
b |
b ] || HST
8 C Jeso " (ps_-l) Limestone (mudstone to
; B | wackestone), medium gray,
ko] 1 I’ (Pa I't) carbonaceous, crude horizontal
© ] \ bedding, flaser bedding,
8 B 1 burrowed, some pebble
o I’ conglomerates/rip-ups
N 1
] 1
Jn7o0 I
N 1
| |
] 1
1
| I
m710 — !
] 1
|
i 1
i 1
izt |
b I
] N 1
b 1
b 1
1 ! Shale, black, fissile, interbedded
" ,’ with thin, glauconitic
e 1 boundstones
| I
nr20 1
| 1
] > '\ Limestone (wackestone to
| / \ grainstone), greenish black,
| B \\ thin, crude horizontal bedding,
B R < \ S2 minor rip ups/crinoid
| | TST grainstones (pebble breccias)
1 ) \ (Part)
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Operator
Continental Oil Company Page 1 of 2
Toy Bottom

5990 ft 6070 ft
‘Well Name & No. Location

Dronen #1 NENE Sec. 9, T140N, R75W

Logged by Date

Jeff Bader Tue Mar 15 2022

Basin UWI No.

Williston 33-015-00004-00-00

NDIC No.. Field

155 Wildcat

KB D

1912 ft 6155

Latitude Longitude

46.964837 -100.141447

Chips Description Profile

Notes

Box Number

Formation
Log Depth (Feet)
Depth (Feet)

M W Pm Pg G B
c s fu mb mU cL cU vcL veU GR

Obi undivided

Deadwood Formation at
~6,011 feet

Claystone, grayish green,
interbedded with silty and
sandy lenses

Sandstone, green to brick red,
fine grained, well sorted,
glauconitic
Becomes salt and pepper, fine-
to medium-grained with silty
interbeds from ~ 6040 to 6050
feet

Becomes sandy siltstone from
~ 6050 to 6060 feet
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Operator )
Continental Oil Company Page 2 of 2
Toj Bottor

6070 ft 6142t

‘Well Name & No. Location

Dronen #1 NENE Sec. 9, T140N, R75W

Logged by Date

Jeff Bader Tue Mar 15 2022

Basin UWI No.

Williston 33-015-00004-00-00

NDIC No. Field

155 Wildcat

KB T

1912 ft 6155

Latitude Longitude

46.964837 -100.141447

Chips Description Profile

Notes

Box Number
Depth (Feet)

Formation
Log Depth (Feet)

M W Pm Pg G B
L mU cl cU vl veU GR

Shale, grayish green, fissle, trace
sandstone interbeds

Sandstone, greenish gray, fine
grained, well sorted,
glauconitic, iron stained

Shale, gray

6140

Sandstone, white, medium- to
coarse-grained, moderately
well sorted

20



