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Welcome!

The program will begin soon.
You will not hear audio until we begin.
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Multi-Sensor Core Logging - The Future
of Core Analysis

Craig Lindsay

Craig Lindsay@core-specialist-services.com
Core Specialist Services

Society of Core Analysts Industrial Relations Liaison

SPE Reservoir Technical Discipline‘s Advisory Committee - Reservoir Technology of the 21ST Century,
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What do Core Analysts study? e

The properties of geological materials!

20 mm

meta-
sandstone s . altered basite / meta- .
I ] breccia granite volcanics e granits dolomite
WPS TAS SPB TPSC WAG TPV TAB/TPDG TPG WPD

Photos of the rock samples prepared for physical property characterisation. WPS sandstone from Raon I'Etape, TAS sandstone from Waldhambach, SPB
sandstone from Saint Pierre Bois, TPSC breccia from Albersweiler, WAG granite from Saint Pierre Bois, TPV hydrothermally altered volcanic rock from
Albersweiler, TAB hydrothermally altered andesite from Waldhambach, TPDG metabasite from Albersweiler, TPG metagranite from Albersweiler, WPD

dolomite from Raon I'Etape
Characterizing the physical properties of rocks
from the Paleozoic to Permo-Triassic transition

in the Upper Rhine Graben

https://geothermal-energy-journal.springeropen.com/articles/10.1186/540517-018-0103-6/figures/3
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This presentation.... e

* Material is included from a wide range of sources
* Inevitably vendor specific equipment are show

* Vendor specific workflows are illustrated

e Custom ML / Al workflows are illustrated

* There is no intended bias by the author for any specific provider, workflow or
analytical method

* Other providers of above may be equally capable and have alternate
approaches — there is no malicious intent by their omission

* All sources are referenced / credited where possible
* The intention is to inform / enlighten

THANK YOU TO ALL SOURCES
5
Traditional and Current Instrumentation =
Routine Core Analysis (RCA, CCA) e
Porosity & Water saturation Permeability Core gamma ray
Permeability
Mainly specific to conventional oil and gas reservoirs.
6
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Traditional and Current Instrumentation ﬁ,zi?
Special Core Analysis (SCAL)

Pore throat sizing Capillary pressure

) ) Electrical properties — water
N Capillary pressure . .
and capillary and relative ) saturation calculation
ressure ili @ B
P permeability [ o ®
P o
P ||
Sl e
‘_’;T’ S =

|

Screening / flow
test monitoring

NMR - logging
tool calibration

Mainly specific to conventional oil and gas reservoirs.

Generally much more problematic;

Very low permeability and porosity = problematic

Hydrocarbons not in pores (adsorbed)

No standard instruments / no agreed standards = data difficult to compare
Many “conventional” tests difficult or impossible

Some “heritage” methods still used — retort, GRI (crushed core) = qualitative
Rock mechanics important - for fracing

Digital methods more practical (time, cost and feasibility)?

Core / log integration very important

Analysis of Unconventional Core (shale, tight gas) =

Webinars

@ Groups of local Rock mechanics

- images
g‘ .
% # k, TOC?
£
Predictive
Value?

. shale FIB-SEM

‘Sample Volume of Area

Assessing the utility of FIB-SEM images for shale
digital rock physics

Shaina

Kelly* 2, Hesham El-Sobky ®, Carlos Torres-Verdin®, Matthew . Balhoff*

Schlumberger

Permeability Measurements

In the GeoMechanics lab we run permeability tests over a wide range of permeability
space, from loosely consolidated sands to tight gas shales. We have four distinct
systems to measure permeability: a Darcy permeameter, derived through low-
pressure triaxial testing, on mudstone samples during GRS testing, and steady state
or pulse transient decay permeability on tight gas shales in a biaxial core holder.

STITUTE FOR GEOPHYSICS
derstanding How Worlds Work

Sz

Ui
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Mudrock digital analysis = Complex & High Tech.

=
Webinars

The schematic illustration of the process of reconstructing the digital-experimental model,

= www.nature_com/scientificreports

A core-scale reconstructing method E
for shale soom  sniem  8n3m  wiem  845m

LiligF,

Lin®2, Gaohui Cao™ & Wenbin Jiang &

Arbeitsbericht NAB 21-20 Dossier I https://www.nagra.ch/de

Sampling for standard Core Analysis Studies =

Webinars

Industry standard practice for core sampling;
* RCA every 25 cmor 1 ft.

e SCAL several per facies type (guided by RCA)
Standard sampling methods barely scratch the surface in
terms of truly representing the core properties & only
provide snapshots of core properties

The same applies a wide core based studies such as

geomechanics, petrography, geochemistry, formation

damage and many more
ONLY standard “continuous” data are core gamma,

probe permeability and core imaging.
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How representative is your digital core

analysis sample?

B
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Webinars

Scan type ROCK SAMPLE SIZE RESOLUTION RANGE APPLICATION
3D whole core scan 10cmto 1 mlong 100 umto 0.5 mm Density logging
2.5t025 cmiin diameter Core plug selection
Heterogeneity analysis
Fracture analysis
Digital core database
3D standard core plug scan 250r38cm (standard) 12 to 40 pm Geological description
Heterogeneity study
3D subplug CT scan 1mmto2.5cm 05t012pm 3D detailed scan
Microscale porestructure
7 Goreplug analysis
Top of subsample
scanning 3D CT nano scan 20r200pm 110200 nm 3D detailed scan
area Nanoscale pore structure
analysis
Subsample
B 3DFIB nano scan 20r200pm 110200 nm 3D ultrahigh-resolution
i i} . scan
Ja—— .
1Tmm 0 5 10 (um) Pore networkanalysis on
Tem 30 Rock Model exlremehsamples ()snaLel
of Shale Sample tight gas etc
2D nano scan 2.5 cm across or subareas 110250 nm Large FOV, nmto cm
¥ 2 High-resolution image
Rock Technologies
http://www.irocktech.com.en/enflaboratories/ 2D mineralogy scan 2.5 cmacross or subareas 121050 um Mineralidentification and
analysis

11

S
S
¥t

®

The SCALE problem?

* The age old problem of scale

* Core plugs don’t capture heterogeneity on a core scale

* Digital core analysis samples probably don’t capture

B

P
E—
Webinars

heterogeneity on a core plug scale

We cannot cut and analyze plugs / sub-samples from the
entire core — cost / practicality / time

Selecting relevant / representative samples is critically
important (VOI, cost, time)

A lot of money is spent on high cost / critical value core tests
but sampling methodology is critical

Traditional sampling methods / criteria are not fit for purpose

PRESION SAMPLING FOR ADVANCED STUDIES
NOW POSSIBLE

12



The SCALE problem? .

o
scale of data coverage (m) "
10° 10° 10* 102 10° 107 Webinars
T 1 L
Global Lithosphere Basin Reservoir  Sub-Seismic Sub-Outcrop
Dynamics Geodynamlcs Evoiutlon Modelling Scale Scale
f t t }
- Geospatial
-i 3

Global Regional Local Laser Scans (lear}_
— Satelllta.'Aanal Imagery —

/ P
’ ‘ ‘Geologlcal

Global ReglonaI Outcrop Geology \ Cure
b Maps & Models ——

®-QW

Geophysical
Global Regional 2D/3D 2D/3D Ground l -
Seismology Geophysics Seismic Penetrating Radar Logs
13
The Solution — continuous core data
Webinars
Continuous
core data
we have
traditionally ¥ ‘e
acquired

Core gamma ray

————
GR_CORE_OR_sft
AP

150

GR_ref

<
{',_

(A) Core and log depths before shift. (B) After shift

2 Core and log deptns before shift. b after shift

14
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The Solution — continuous core data
Continuous
core data St
we have Core sample ]
traditionally
acquired Profile permeameter
contd. — —
- Flug Parmesbitly = Scratch test (UCS)
: ""'-._ T 250 2500 ]
: P s = - - Ty © 11000 & 3
B cadhontebonion seodih b 55
: = g fUi{kq:#dw“%mﬂdqK}MWHf‘nﬂ_} eeheshh 2 ww@%ﬂ o 3
= L _ 60m. of core

15

Core imaging then and now

16
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Permeability —
How well is it Quantified from core plugs?

—_—
Webinars

Core plug measurements at 1 per ft. — may not fully characterise the level of

permeability heterogeneity — especially in laminated formations

How do we know?

Hurst and Rosvoll — proposed method to determine minimum number of
measurements (No) to determine Arithmetic Mean Permeability +-20%

Reducing the tolerances — unrealistic number of measurements
Calculate coefficient of variation,

Cv = Standard Deviation / Arithmetic Average

No =100 Cv2

Dallas

HURST, A. and ROSVOLL, K.J. (1990) Permeability variations in
sandstones and their relationship to sedimentary structures. 2nd
International Reservoir Characterisation Technical Conference,

17
ege ° Aﬁ
Permeability versus Heterogeneit e
Webinars
. 38096 m o oy
Based upon Cv Corbett and Jensen proposed heterogeneity classes: 12490 1 ‘
12505.25
P.S.
- 0-<0.5Homogeneous
1
- 0.5 -<1Heterogeneous |
- >1  Very heterogeneous :
Three examples of applying these principles: !
1 B
Rotliegend reservoir SNS 1
1
150 plugs acquired (1 per ft.) |
=65
|
Cv =25, No =625 Very heterogeneous | S }
v Q s : | .=
Plug alone data did not quantify permeability heterogeneity — probe
i . (a). 30/24-27 Innes area
permeability data @ 5 measurements per ft = 729 points.
The Rotliegend reservoir in Block 30/24, UK
AC i of Small-Scale F Methods for ir Cl Central North Sea: including the Argyll (renamed
Jan 1991 Ardmore) and Innes fields
ol s Alan P. Heward, Paul Schofield and Jon G. Gluyas
Corbett, P W. M., and J. L., Jensen, " A Comparison of Small-Scale Permeability Measurements Methods for Reservoir Characterisation,” Petroleum Geoscience, 9, 295-307, 1 October
presented at the PSTI Advances in Reservoir Technology Conference, Edinburgh, February 21-22, 1991 2003, https://doi.org/10.1144/1354-079303-578
18
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Why continuous core data — basic examples
=
H =
of data correlations Webinars
Gamma, AP 13190
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8
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¢ = ves n;“ o UCS from scratch test to accurately define sampling
: points for rock mechanics study

Why continuous core data — basic examples

—_—
—
Webinars
Air permeability, mD.
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B —
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High Resolution Core Characterisation — —

Multi-Sensor Core Logging (MSCL) Webinars

New workflows for new core & New life for old cores

: GeoTek
Multi-sensor core logger 20

kkkkk —_—

Scratch Test
Epslog

aaaaaaaaaa

nnnnnnnnnnnnn

Grain size
.....

Multi-sensor core logger

21
(Not so) Homogeneous Chalk? il
22

11
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p)(BF Magnetic
chemistry susceptibility
0o

@]

Intelligent sampling UHD linescan core
photographs

bt «

VNIR/SWIR an
mineralogy Structural logging

CO00000

RGB profiles Core boxes/Chips

GeoTek

Example vendor workflows

e unique equipment for all measurements.
g &

Key features:

- Rapid;

- Continuous;

« High-resolution;

- Depth matched;
- + Real time delivery;
« Trans-disciplinary;
- Minor foot print;

CoreDNA Workflow

Ultra High-
Resolution
Geochemistry photo
Preparati PXRF

MiniSLAB

Webinars

Sedimentological
description

Rock Strength

Grain Size
Distribution
Log

23

Core Plug X+ay CT
Whole Core.
Characterisation

Determin Representative
Plugging Points

Slabbed Core
Characterisation

Core Siabbing

GeoTek

Example vendor workflows contd.

—

«Bind»
Plug.

m
Ray

R L

ot “Alithofa
Barrel lab & Properties
s = 5
TSCAN camma f o5 NA prédiction / smart
Ray report
CTscan Spectral cone ona
3D mages CoreGR + swergh e
+ Densty D
< Number © Ol mege (v

+ Porosity index + Elementa Compositon / Mineraogy
- probesem

+ sedmentalogal descpton

1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1

Py
Webinars
Fast, Simple, Efficient:
ELEMISSION | the true power of laser-induced
nc spectral analysis:
(] Ultra-fast automated mineralogy
©  Multi-elemental chemical assays
(] Automated lithology
(] Elementary deportation study
(] Mineralogical texture
(] Determination of grain size
©  Andmore!
Bytownite W Pyrrhotite W Zoisite Quartz W Hematite-Goethite Calcite
Chalcopyrite M Diopside-Hedenbergite Tremolite W Pigeonite W limenite W Biotite
pyrite u Lizardite-Antigorite Pentlandite = Chiorite Mg Fe  m Talc HOlvine

Attributed pixels per row / %

Depth/m

12
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Mineral Characterisatio

=
Webinars

n Technologies

Analytical Spot Size

€1

€18

€7

Detection Range
Atoms/cm®

TOF SIMS
W Elementa! information
s | imaging infomation B2
W Elemental and imaging information
ie1g | W Physical andior optical properties
W Thickness and density information
fr2e) W Chermical bonding/malecularistructural information
B Electrical (active dopant and mobility) information

Dynamic SIMS.

%y 1
<& eurofins -
Laboratories

R

https://www.eag.com/techniques/

Bulk
Techniques

25

€12
o1nm Tom ®am 100 nm 1pm 10 pm 100 pm 1mm Tem
<
<O
- «<EEENSSSSS——— 000
£ 84473 O
%maﬂnn:\ ’ Imaging Techniques @l
-

R ottt —
[ Eac = —

— O ]
E— R1X ]

How do elemental scanning technologies work? =

Webinars

Solid
Fragments

Laser
Pulse

Electrons

; J
- . Vv
Callection

A]

Standard Sample Geometry
Incident
X-ray

Incident
X-ray

Detected
X-ray

XRF
detector

Flat beam X-ray

5 20 mm
waveguide

E (4] 10

Problematic Sample Geometry

T —
==

Direction of Core
Movement

Incident
X-ray

Detected
X-ray

a o 10

20mm

Advances in Laser-Induced Breakdown
Spectroscopy analysis for geology: A critical review
Author links open overlay panel CécileFabre

S
S
¥t

The iBox-FC: A new containment vessel for Ttrax
X-ray fluorescence core-scanning of freeze cores

Braden R.8. Gregory & B, R, Timothy Patterson *, Eduard G. Reinhardt ®, Jennifer M. Galloway ©

26

13
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Miners do it faster ... bamwso= =
Webinars
Hyperspectral instruments at CNA Photon Etc. L-EOS 0.9-2.5
- Line-scan imaging: Image is created by scanning the ENIE Ligpere el camure
sample line by line, moving it under the instruments
- No sample preparation
- 60 seconds per core box at 1 mm/pixel
» il =
= &
% 3
£
2
3
1l I Currently at the St John's core storage library
T Core box scanning table
Philip Lypaczewski, Ph.D. N .
=J Lead Researcher - Hyperspectral Scanning (College of the North Atlantic) w PhOtonE
27
Miners do it faster ... Hhjmo~ =
e — (o) —
Webinars
Hyperspectral Instruments at CNA
Mobile hyperspectral drill core scanning platform: Photon Etc. nCore system
Hyperspectral at 1mm/pixel (co-registered):
- VNIR (400-1000 nm) - 3D profiler (LMI Gocator 2350)
- SWIR1 (1000-1600 nm) - RGB (0.15 mm/pixel)
- SWIR2 (1600-2800 nm) - Room for additional instruments
- MWIR (2800-5400 nm) Spatial resolution: 1.0 mm / pixel
- LWIR (7500 — 13000 nm) Scanning time: 60 sec round trip box-in to box-out
= 2000 m / 8 hour shift
& Photon 1
28

14
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Case Study: ONDRAF/NIRAS

=
° . —
Multi-Parameter Stratigraphy Webinars
GAMMA P-WAVE MAGNETIC ELECTRICAL NATURAL
DENSITY VELOCITY SUSCEPTIBILITY RESISTIVITY GAMMA
[g/em?] [m/s] [SIx 109] [eps]
01.9 21 23 15650 1750 1950 1 10 100 0 0 60
i 2 =
= =" 1 3
‘!r' _); https://www.ondraf.be
gt 2
gf. g ONDRAF

E
&=
i "";}3 """""""" = }3' g
o 2 el 3
z = ==
8 a=Smml 1 =l T ECITCTT = B B N
8 ;
P =
8 R B O (e [ - gy il W
4 L3R
_____ l‘_:_______.--_?_.___ """‘S'
x 3
: f"
&
GeoTek

29

B

Interpretation of core chemistry & fractures "=~

Webinars——
We!

S —
-
[ P p— . —
—
[ [— P .-
oo
wara [l = - ot
— s e
2
e

[ R pe— -

30
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Interpretation of —

Coam
Webinars
Optical Image

=

Mineral Map Mineral Stack Gold Conc. Pyrite Conc. LI B S

Quartz 28.46%
Chlorite 18.63%

Porher 18.42%

ericite-Rutile 10.06%

Pyrite 9.01%

.(a\cl!e 6.08%

Albite 5.19%
Wocionmite 205%
Chalcopyrite 0.04%

Sericite 0.02%

GeoTek
31
Interpretation of —
_—
Webinars
Hyperspectral data output - LWIR
nCore data includes:
- LWIR (7500-13000 nm) - Detection of non-hydrated silicates
- Detection of quartz (silicification) and plagioclase/K-feldspars (potassic alteration)
Quartz further processed to veins and matrix
32

16



Interpretation of
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QUANTITATIVE AUTOMATED
MINERALOGY ON 10 METERS OF
CORE

5 | Fpidote 0.9812%

B Pyrrhotite 35.8312%
B Magnesiohastingsite 10.6586%
[ Oligoclase 7.9638%
[ Labradorite 6.7226%
N Diopside 5.8009%
[ Pigeonite 4.7499%
B FeOxides 3.0286%
N Fluororichterite 3.7218%
o Pentlandite 2.3613%
I Biotite 2.0628%
I Pyrite 1.8588%
Chalcopyrite 1.1544%
I Albite 1.1008%
[ Actinolite 1.0841%
Muscovite 1.0032%
[ Forsterite 0.4478%
I Quartz 0.4330%
Millerite 0.3742%
I lImenite 0.3198%
[ Titanite 0.1701%
B Enstatite 0.1352%
mm Dolomite 0.1220%
Calcite 0.1126%
B Apatite 0.0582%
B Routile 0.0207%
Clinochlore (.0188%
B Sphalerite 0.0003%
Other 6.7643%

33

! TLILITTT

A lot of data = A lot of opportunities

Smart Core Analysis

(SCA, SMCA, SACA ...)

“Making Core Analysis Great Again”

Webinars

34
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X-Ray Fluorescence to Mineral Assemblage  wevir-

9 : T T
Ideal Glauconite line
si_cor2.13 s 1 . Jdeal Kspar line . ]
i Ideal lllite lines
7 i 5 : ]

Zone of KCI,
potential mud
contamination

0 5 10 15 20 25
Al
Clay/feldspar identification using K and Al

0 10
3"al_cor*1.89

https://www.linkedin.com/in/jenniferkharrazi/ Stratum Reservoir

L]
Major elements and calculated
. —
mineralogy from XRF Webinars
XRF Major Elements (%)
Pyrite
£ Albite
é%g Dolormite:
Apalite:
Mn Mg ca K P faace
0.4[0 EI'L anfo B0
4105 | :_—
4110 :— E
4115 : :iv
I 3
4120 _— :
— 3
4125 I
o N -
https://wwwlinkedin.com/in/jenniferkharrazi/ - Stratum Res-eI’VOir
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MSCL Data Analysis — Domain Classifications =

Webinars

2300

« Untrained, automated method:
« Detect natural boundaries in data;
« Classify data independantly of boundary information; 7o

* Combine boundary and classification information, 2700
creating hierarchical domains;

2500

2800

« Very few assumptions (data, algorithm, No. clusters).

2900

3000

Hill E J, Robertson J and Uvarova Y (2015). Multiscale 55

hierarchical domaining and compression of drill hole data.

E Computers & Geosciences, 79, 47-57. 55
Hill E J, Uvarova Y (2018) Identifying the nature of
l | | M“SAIE lithogeochemical boundaries in drill holes. Journal of
i ]

Geochemical Exploration 184:16760178 .

0.0 0.2 04 06 0.8 10

Domain Classification

MSCL Data Analysis — Domain Classifications =

Webinars

Combined Mosaic

» MSCL data analysed by multiscale
boundary detection using Continuous
Wavelet Transform;

+ MSCL data used for analysis: Magnetic =4 I
susceptibility, electrical resistivity, natural
gamma, colour (L*,a*, b*) and XRF
(Ca,Si,Al,Ti,Fe,S,K,total counts);

W
T

=l

— =

* Boundaries combined for multiple
variables

i
N ___|B

l

el .w w
[

« Domains created via multivariate
tessellation

* MSCL dataset classified via K-means E:;:J_i H
clustering 1 —

» Classification applied to mosaic plot = ]

* Pseudolog generated at desired length BB STRENTY DOMAIN CLASSIFICATION PSUEDOLOG
resolution

19
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Case Study: Rock Core — Well 211-23-8Z (8S1) —

FOUR ROCK TYPE ANALYSIS _

Webinars

Sandstone
Shale 2nd interlayered Sandstons

CLASSIFICA
TION

DOMAIN
CLASSIFICATION

PSUEDOLOG

GeoTek
39
L] L] L] - L]
Facies Identification: Unsupervised
=
Machine Learning Webinars
2 | W . Clustering on Al Ca Fe K
3 m ] --- [ | I N [ Fraction of total core length
5— N & KA K3 K2 K1 Ko
I BN 1 1 =N I TN Bt
¢ e N . . L% 27% 28% 1% 1e%
[ N 1 1 &= B e
| I — :
No.of o e — — — i
clusters 10 EG—— N N D per facies
K N S N O N . Al ] v
L I B il . i T—
1; . B B v
1Y D N N I PN e .
;s D D N EE Em e Calr
20 NN NN NN DN NN DEEN N el I
1200 —_—
000 1 W | I = W i i
&E 70 | | " dr el L T
250 A e B R K
0-
EPSLOG Core DNA L1 peters
40
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Facies Characterisation: Quantitate Values =

Webinars

Relative changes:

M I I I == Im Fraction of total core length
carbonate/clay 7% TS s e Ko K3 K2 KL Ko
< ¢ ’
S LT MA 11% 27% 28% 16% 18%
2.: I )| 1
ot I | I W Elemental Concentrations
. 0.5 AHM Changes n the percentage ofclay mineralspecis [ R
Clay Mineral Zoa AT 1 ! il‘
S e N i 4 T LT YOk
03 et f TN, |
N NN I W=
8- [ st clay comtent vs quartz content
Clay /Quartz T ' ) ‘IV‘.
’ WA Ty il " ==
2"WW | ¥ AAA M Fefﬁ—___:__
e & ] 1 W1 I lam P =
i T VI
+ F s e e
Typeofclay — Soe- " i v/ | L Ki| ==
minerals < AUt e i ity o iy v e et [ e
04 i T S
EPSLOG Core DNA
41
Net to Gross =
Webinars
o T ——
Al WM . TR L B P IR E F L 1 1 R VERT|
i A ' W LI BTN E 1 T 1 % Ve
Y2
R
%,
g
171)2 06 14021 1402.15 1402.2 1402.25 14023 1402.35 1402.4 1402.45 1402.5
Depth [m]
EPSLOG Core DNA
42
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Comparative Interpretation- Example 1

B

=l
Webinars

e ———
e ¥
-

CoreD!

6% 6%

12%

0 m1 283 0dns

a6% [ t

e TR

E
2 E<
= E=
= g
= =
= %:
=
5 -

I
A]:"'

et

CoreDNA - EPSLOG Clustering Analysis

CSIRO
Data Mosaic

@ rocko
3 rockl
== rock2
E rock3
3 rockd
3 rockS

11%

5 Rock 0
= Rock4
Rock 5

43

XRE Wajor Elements fuck)

w ug =]

]
w l‘"'“f‘ Y

I

https://www.linkedin.com/in/jenniferkharrazi/

Stratum Reservoir

Comparative Interpretation- Example 2

Geochemical analysis of XR data — Without XRD calibration

_—
ebinars

CSIRO
Data
Mosaic

B rock0
3 rockl
B rock2
B rock3
3 rockd
=3 rock5

44

22



3/3/2022

Structural analysis from BHI and X-Ray CT

A o = |t
T B S W e |

= o
ESEEE
|
t

Badley Ashton & Associates Ltd

B

=
Webinars

45

Core in Holographic Virtual Reality (VR)
— Digital Core Store

Core viewing has no easy substitute but;

* You may be too busy

+ You would like to hold multi-party core workshops

+ You many not have the travel budget

* You may not have the travel visa

* You would like to view the core multiple times

* You don’t want to pay for the extra days of core viewing
* Your on the go and only have your tablet or smart phone
* You would like to view the core augmented with data

* You would like to see multiple wells

* You would like to see the core in geospatial context

* You would like to use the core as a teaching resource

* You have your own reasons for viewing the core at your desk

We all . core!

46

23



Virtual Core Table
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Up t0.96% of lunar water ice depasits could have been delivered ta the lunar surface between
425 and 375Ga, with a high contribution coming from impactors (Cannon et ol 2020}
Chondrites are also a major saurce of highly siderophile elements (HSE]. as they were found to
be 3000 to 500D times mare enriched in HSE than pristine funar rocks (Mcintosh et ol, 2020).
Relative abundances of HSE could thus be used as indicators to estimate the influx and types o
impactors which deiivered them ta the Moon (Doran et al,, 2004; Day e ., 2016, An in sifu
instrument having the capability to quantify HSE within the regelith would help cantextualize
detections of volatiles and provi ining thei

The aim of this project s to evaluate the capabilitios of the Corlosity, an imaging LIS
instrument developed by Montreal based company Elemission, to study the compasition of
funar regoli Limits of (LOD) will be: and platinum
group slements within lunar regolith simulants at low pressure and tempersture. We also
investigate the benefits of imagery 1o discriminate between samples Containing water ice in

Lunar regolith simulants (Exolith Lab’s Lunar Hightands Simulant) were mixed with snow and
iquid water before freezing (-80°C). Liquid nitrogen was used to limit the metamarphism of
snow crystals during preparation. In total, 60 standards were made, with H,0 concentrations
varying between 0.5 and 40 wt. %. LIBS measurements were acquired using Elemission's
Coriosity with a stepsize of 50, emission were

sample, with 2 size of 200 * 200 px. The figure to the right shows the distribution of intensity
of by (656.48 nm) 30wt % snow.

No preprocessing other than dark substraction was canducted on those measurements.
Average spectra of emission for each standard were computed, and were used to perform 3
linear calibration model. Different images were also generated by narmalizing the signal using
reference intensity peaks. Ratios €an help reduce the dispersion of LISS intensity, leading of
higher accuracy of predictions. (Eapin et af, 2017). The experimented ratios were H, (656.45
nm) / 5 (251,66 nm) and H/ O (777.33m)

ditferent farms (micrametric particles and bulk dirty ice).

+ Fitered
Mot filtered

Intensity = 507.22 + 54.08 * (40
RE=0.01

Hg (656.48nm) mean intensity (u.a.)

H “ [ &
Water ice concentration (wt. %)

The mean intensity of hyckogen (656.48 nm; n=40000) in iey simulants increases finearly below 10 wt %
{with 3 R of 0.91), and decreases at higher concentrations. Such a loss of intensity s expected, 2 pure
water ire-has 3 small absorption coefficient at 1024nm, |eading to 2 less energetic faser-induced plasma
within 3 water-saturated medium (Arpet aL, 2004}

For low water i (< 15w, and buk ice result in & similar Hy [
[,0] refationship. Photothermic effect induced b th [2ser ssems ta cause the melt of the sample afler’s
few impuisians, which could minimize any difference between LIBS measurements of snaw and bulk ice
samples. Therefore, tverylow compensate ths effect.

Patchy textures are observed within the spatial distribution of intensities for both types of iey lunar
simulant. Those features have sizes increasing with water concentration (up ta 2 few milimeters). Those
agglutinates are characterized by significantly stronger intensities over the whole spectrum of emission.
They could represent clumps of particies formed due to the higher cohesion between wet partices. Laser
mater interaction is stronger in those agglutinates, resulting in overall higher intensities. The formation of
thase be due !

1o be a major contributor to the residuals of the finear regression. A lower dispersion of Hs intensities is
obteined when a linear regression is only applied to those aggiutinates, defined as pinels with low Hy
{656.48.nm}  Si (251 66 nmi ratio (<1). Resuking R¥is then 0.95.

Further LIBS measurements wil be carried out using lunar simulants mixed with HSEsin
an interaction chamber at 1.33x10%Pa and 70K

Limits of detection will be calculated for HSEs and water ice.

Various R, PLS, LMM)
‘quantitative analysis method provides the highest precision.
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