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Engagement and Outreach

Advisory Council - quarterly

Industry engagement
* Survey/call plan by SCS Engineers (Carrie Ridley)
* Critical Materials Tech Hub CM2AE (T. Caruso — UMKC) OSAGE NATION SCHOOL
* Osage Nation Oil & Gas summit

Outreach & Community Engagement
* CM educational included in KGS outreach materials
* Translation to Spanish and Osage underway |
* KGS - Osage Nation educational event /
* CM — KGS Public Informational Circular (workmg)

“smells like rotten eggs”
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Geochem Catch-up (1 of 3)

PXRF by quarter

—Cumulative pXRF
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Geochem Catch-up (2 of 3)

PXRF by quarter
ICP-MS

m Accelerated ICP-MS
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Geochem Catch-up (3 of 3)- MSCL Core Logger

Critical Minerals (ppm)

Sample Reference #
(# required to
enable calculations)

Al sbh As s r (o GF; Ga Ge Graphite Hf He 1In i Mg Mn NMb Ru Rh Pd ©Os Ir Pt Potash Re Rb Sc Sn Ti W U V ZIr

ULTRA HIGH DEFINITION CORE IMAGES

Geoscan V 5,000 pixe! linescan camera with
automatic aperture and focus, and dedicated

RGB AND MUNSELL k el
visible and UV light box for consistent lighting.

MSCL Core Logger

Magnetic Susceptibility et

MAGNETIC
SUSCEPTIBILITY
LOGGING

Loop or point sensors
for whole or split/
slabbed core logging
of magnetic properties.

quantitatively determine
colour vanation downcore

Spectral GR Pt

SPECTRAL DENSITY AND
POROSITY DETERMINATION
Small Gs-137 gamma source for

precise measurement (2.5 mm o
5 mm) of gamma attenuation.

between core / well
locations.

High-resolution Imaging
Density e (e

REPEATABLE activity using muttiple lead shielded

Po ros |ty GEOMETRY 33" detectors and tunnel to
B B improve measurement accuracy.
Presision engineered rails,

-~

HEAVY DUTY
CORE PUSHER
Designed for

and moulded core frays delicately maving
h fragile cores, whilst

P— | .t for exposed core, control |, ‘. E /
Wave velocCity e 1 F i ¢ | By

improving data acquisition b A /
Y \ = | of drill core.

PXRF (1000’s) e

ELECTRICAL

PROPERTIES

Non-contact electrical DEDICATED

resistivity for saturated ELECTRONICS

sediments. DOWNCORE ACOUSTIC WITH SIMPLE
MINERALOGICAL VELOCITY USER INTERFACE
ASSESSMENT LOGGING

Over 20 years

P-wave velocity of core scanning
determination experience for reliable
using piston, or automation and logging
oil-filled rolling performance.
transducers.

ASD near-infrared
‘spectrometer to identify
'speciral absorption
features within the
VNIR and SWIR
spectrum

CHEMOSTRATIGRAPHY

Integration of the highly capable
Olympus Delta Handheld XRF
for chemical analysis.
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Geochem

Correlation Depth Dry Rock WF Combined

Wireline Tool with Core
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HALLIBURTON

Halliburton GEM Tool

(O Nuclear Spectroscopy records near-continuous
elemental concentration
* Sj, Fe, S, Ca, etc.
(2) Closure and Petrophysical Model = Lithology
@ Gd, Mn, Ti concentrations from instrument
(@) Core and regional high-quality bulk-rock chemistry
(5) Geophysicist/Petrophysicist!!

Sep 2022
jason.gumble@ku.edu ( TTT 7

ENAN L

/ 7 \ . ‘

SAND - High Fe, High Density, Low K

SAND - Low GR, Low Fe, Low Density

SHALE - High Gd shale (~2000-feet MD)
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CoreCM Drilling Operations (2 of 2)

May 2024 Well Plan with KS O&G operator
* Drill 77/8” to 3,000-feet (measured depth)

* Shallow 4” core through Lower Pennsylvanian (~2,350-feet MD)
* Targeting 120-feet of continuous core

Surface Casing
>200-feet

core

D

3. Geochemical erelme Tool with Core e —
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Data Management & Visualization (1

SAMPLE LOCATIONS
State @A @KS @MO ®NE @OK
«Cedar Rapids
! |
NEBRASKA —— e G e,
o) "2 MD"&?” Davenport
= @mal '
) ey maha @ o .
Linéaln o @ |LL1NO‘S
‘e A
@ bl Springfield
@
@ ﬁ(wrltv
ot Louis -
KANSAS Jefferson ity '
MISS@URI
‘J-.n:hg.
o ® ® 9@ cyiingfield
‘ (&) L]
OKI:AHOMA..
B Oklahoma City ® /" @ b e
Amarillo thtle Rock _ Mémphis
¥ Micresoft Bing AReEDzg Tj:!‘ni‘p'n & 2024 Migrosoft Cc: rporatiog
Sample ID Year Quarter Instrument State Lithology Coal 5eam Name Y Zn ir
CFC-KS-3068A 2024 Qtr 1 Olympus Vanta  KS dark shale Bevier 38 24574 145
2023 Qtr1 Bruker Tracer 5G MO  coal Mulberry 23709
2023 Qtr1 Bruker Tracer 5G MO coal Mulky 13 10872 15
2023 Qtr1 Bruker Tracer 5G MO coal Mulky 31 8446 91
2024 Qtr 1 C}Iympus Vanta KS black shale Hush[::uckrleg,I 120 7359 70

Select all KS

NE

MO

=

View Locations by Instrument

oK

View Locations by Lithology

All

Count of Samples by State

29 (4.13%)

Bruker Tracer 5G

Olympus Vanta

PowerBl|
(for now)

ArcGIS
Online
option

KANSAS
GEOLOGICAL
SURVEY

The University of Kansas



Data Management & Visualization (2 of 3)

t Sample ID by State
State @A @KS ®@ MO ® NE @OK

10,000

1,000

@
[&]
»
100
10
10 100 100C
La
Sample D State Instrument Year Quarter Lithology Coal Seam Mame
CFC-I1A-0001A 1A Bruker Tracer 5G 2023 Qtr 1 coal Owid
CFC-1A-0002A 1A Bruker Tracer 5G 2023 Qtr 1 coal Mystic
1A Bruker Tracer 5G 2023 Qtr 1 coal Mystic
1A Bruker Tracer 5G 2023 Qtr 1 coal Bevier
1A Bruker Tracer 5G 2023 Qtr 1 coal Bevier
1A Bruker Tracer 5G 2023 Qtr 1 coal Bevier
LA Do ileme Temmme i 20 Dide 1 el Do simae

X-Axis
[]Ce
[]Ga
| N
L] Mg
[ ] Nd
[ ] Ni
[]Pr
[]Ta

CITi

L]y

[]Zn
[]2Zr

Units

PPM
PPM
PPM
PPM
PPM
PPM

DDk 4

Ce

1630
815
673
903

1949

1247

AT

Y-Axis State
Select
— all
. | La
Mg 1A
L Nd
] Ni
Ks
1 Pr
1 Ta
. MO
LI T
1y
1 7Zn e
1 zZr
OK
? CA
Ga La Mg Nd N Pr Ta

Ti

396
1162
253
687
571
208

AT

Interactive
Filters

Instrument

~,

[ ] Bruker Tracer 5G
[] Olympus Vanta

Year, Quarter

[ ] Select all
v [] 2023
v [] 2024

Count of Samples

702

Y Zn Zr  Sum of Count
35 2087 1
23 337 13 1
12 88 18 1
9 53 1
8 45 1
44 32 1
270 22 1
702

y"

réa mﬂﬂ( ‘

4. Data Management and Visualization

Web Dashboard

Mobile App

9:59 &

< CoreCM_pXRF_20240331 v

Geochem (2 of 3)

. To get a larger view of this report, rotate X
your phone to landscape orientation

()

Comments se Filters
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Data Management & Visualization (3 of 3

[ File ~
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Sample ID  State Lithology Coal Seam Name Units Ce Ga La Mg Nd Ni Pr Ta Ti Y Zn Zr
s
CFC-IA-00014 IA coal Ovid PPM 1630 396 35 2087
CFC-IA-00028 IA coal Mystic PPM 815 1162 23 334 N1l
CFC-IA-0003&8 IA coal Mystic PPM 673 253 12 88 18
CFC-IA-00044 IA coal Bevier PPM 903 687 9 53
CFC-IA-00058 IA coal Bevier PPM 1949 571 8 46
CFC-IA-0006A IA coal Bevier PPM 1247 208 44 32
CFC-IA-00074 IA coal Bevier PPM 1326 177 32 36
CFC-IA-O00BA 1A coal Bevier PPM 1481 106 457 33 26
CFC-IA-00094  IA coal Bevier PPM 1018 160 44 26
CFC-IA-0010A IA coal Bevier PPM 1534 1414 31 101 81
CFC-IA-0011A4 IA coal Whitebreast PPM 1157 135 2143 6
CFC-IA-0012A IA coal Whitebreast PPM 1372 127 6893
CFCO_TA_MNAZA TA raal Whitahraaet [=l= V) 1nA7T AN 1210 El

,

4. Data Management and Visualization

Scale intentionally
not provided
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Numerical Modeling (1 of 4) “Container”

Kansas (In use by KGS) Kansas (Used by This Study) Missouri
Zeller [1968) (2018) madified from Obomy et al. (inprep.) Bridges et al (2019)
USGS - Interstate Nomenclatural Reconciliation Bridges and Mubvany (2019)
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Numerical Modeling (2 of 4) “Container”

Cross section NS -7 Crawford Co, Bouirbon Ca. | Linn Ca. | Miami Co. Johnsan Co. | Leavenwarth Co. | Atchison Ca. Buchanan Co, | Andrew Co. Dekalb Ca. I Gentry Co. Harrison Co.

Crawford CO., KSto * <E1IMIs 8 BOMs & £ 8 EOSM= & 8Os e ETAMs @ EETMs @ BTEMe @ <G3SMI- @ <TANMI- @ BRI e BRIME e <O0SME @ STEME @ <ldEVs e <E25M e S0TM= e <GlM= e <A73Ms e SS0MI> @ BIEMI= & SAM= e <6S0M= 6 <SIOMI= e <I1SdM= e <GSOMIs e SIETSMIs 8 <SAOMIs e BASMI e <ETAMI= e <BESMIE e <1030MIs 8 <11EBMIs e

Harrison Co., MO A BT B =

e E=E

— o o | R
et 3 d

Horizontal Scale = 12808.7
Vertica| Scale = 50.0 4
Vertical Exsggeration = 256 2x
TOPS AND MARKERS

Top Eusdara Shale Member 3
Top Stark Shale Membes -3
Teg Hushpuckney Shale Membe:
Teo Mound Cily Shake Member
Base Nuyata Cresk Shaje Memmber 2
Top Lake Neosha Shale Member
Top Aeeia Shale Member

Tep Sinkley Shale Memoer

Top Excel Shale Member

Tep ecza Quarry Shale Member
Base Tebo Shale Member

Tug Misissipsian Lime Member
Tep Chatiancoga Shale Member
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Numerical Modeling (3 of 4) "Numbers"

Use High-resolution well log correlation surfaces as “containers”

Upscale geochemical data - (all? including pXRF?)

Populate between data points — (by facies?, within container subzones?)

Y2 5. Numerical Modeling

Upscale Permeability

SSTVD[CEBE Uit [0 PrmDes 0N [umoenm vewa snlc pum Baney 1)
104 0.2 30{0.2 29E-4 27

Core X-Plot || Upscaled|Upscaled
Lith Log Phi | Log Phi | Perm.
| / /
CGRY_GRP / | CGRV_GRP
CGRY_GRP CGRV_GRP
A_I_SH : V’ w A1_SH_

30 -} MM Sit& Sand

-.____I—

Al_LMT 1

s/ Wil t PR

B1_SH

+a1_Lm

31_SH

E B

28

Shrimplin GU-2HI

AT Interval

2% Petrel

Shared earth—critical insight

.ﬁ Scale up well logs with 'Arbuckle Deep (basecase)/3D grid' X
| "::" Create new Shuw resultin well section D
‘/’ © Editexisting ﬁ ArbDeep_facies [U] v‘
© Overwrite all
Use local grid filter | (O Replace and add new

() Leave all other cells unchanged
Input
E‘ © welllogs

43 O welltop atributes
N

:: "::" Points atiribute
Selectlog ﬂ ArbDeep_facies v
E&D} Settings B Zones [P Weighted |&» Seed 55 Horizon mapping
Average method Most of Wells: None All
] Use bias ) Use saved search
Median N
Minimum =
Maximum
Arithmetic 4 B4 ] wels
[[] Use weighting Mid point pick "&*D All Wells
Random pick .
Samples selection Znnespepcwﬁc :‘ ] PseudoWells for Arb
Treatlog As points ~] F1700 Proposed Injector W
1] wells Not Found
Method: Simple V‘
) Min. number of points in cell 3
[] Zone cormection
Zone correction
Well report
Reset output sheet
Zone corrected log
3D grid zone log
3D grid well tops

« Apply ' OK
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Numerical Modeling (4 of 4) "Numbers"

| o Multiple elemental abundance
| [ )] distributions

| 244000 -0 302000 |
| [ b ] :

| | e y———
| Lt *"‘-\ 2304000
24,g|]|]_|]_ L - = \ "

\/' \\\“‘w*‘ | Geometric properties for cells
gl .= __\ N Nl  Depth below surface
Gt — = 2\ W ) A - Distance to [TBD facility]
‘ =) N o= S st « Distance to nearest control
' « Depth to max concentration

242000 Test predictive ability
* New well?, New core?
e Larger model?

2306000 ! — i, o 236000

Y-axis

Volumetrics
e Bulk rock volume
e Concentration-thickness

232000

230000

Automate with workflows for iterating
2 Neural Network to connect dots?

2314000

5- Numerical MOdEIing » versity of Kansas



Test the Hypotheses

MIDCONTINENT N Midcontinent
transgression -— perspective

Basin i 7 i
Low Shelf Mid-Shelf Nouterap limit High Sheif Short intense

wi

A) Coal Deposition when sea level falls
Note: CMs sourced from Elk Creek Deposit

N. Am. Stage

[ WABAUNSEE | Group (shel]

Serles

Deepest-water facies at limit ! highstand
Shool CO; Graysh. Blacksh. | interglacials

33

Tulsa Kansas City Omaha
OKLAHOMA _ KANSAS | MIsSOURI | NEB-JOWA |

32

Cherokee-Forest City Basin

VIRGILIAN

SHAWNEE

coal

Virgilian not well studied in Okiahoma

Bing part of basin filled with clastics

Note: added CMs sourced from basin upwhelling

‘ B) Black Shale Deposition when sea level rises
Kate !
Andrz ski

MISSOURIAN

Galesburg

coal

] I
Elm Branch -

s s s s Hertha(MoundCity)s s o+ .+ | I — 12

Heckel, 2013; Oborny et al., 2017

= critical minerals (CMs)
figure not to scale

Jason *f
Gumble

KANSAS
GEOLOGICAL
SURVEY

The University of Kansas



2>, U.S. DEPARTMENT OF
'ENERGY

Conservation and Survey Division

128 YRS
Studying Nebraska and GSE
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Project Execution
* Right Team!
* Right Plan!
* Right Time?
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