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The NOROG digital cuttings project.
Calibrating wireline log interpretation and

redefining formation tops

Carl Fredrik Gyllenhammar'™ and Fredrik Gyllenhammar Jr present the results of an industry
collaboration project that has analysed cuttings from all released exploration wellbores on

the Norwegian Continental Shelf.

Introduction

In 2018 27 oil and gas companies organised by the Norwegian
Oil and Gas association started an industry collaboration project
to analyse all cuttings from all released exploration wellbores
on the Norwegian Continental Shelf (NCS). The project ran
from 2019 to 2022 and covers all exploration wellbores from
1969 to 2019. The original project title was ‘Released Wells
Initiative’.

All drill cuttings samples from 1900 exploration and apprais-
al wells were washed to remove the drilling fluid chemicals
and photographed in white and UV light by RockWash. The
deliverables are high-resolution photographs (white light and UV
light). STRATUM Reservoir ran XRF analysis on all cuttings’
samples provided by RockWash.

Of the 1900 wells, 80 were selected to run XRD, QEMSCAN,
SpecCam and total organic content (TOC).

In 2024 the dataset became publicly available and was loaded
into Diskos. There are approx. 3.8 million files available from this
project in Diskos.

Comparison of mineralogy methods XRD,
QEMSCAN, and SPECCAM on 78 NCS Wells

The cuttings samples are collected in all oil and gas wells, in
general only described visually in a microscope at the well-
site. Combining the RockWash washing/cleaning technique
with mineral analysis methods could generate a new dataset
to calibrate wireline log response and redefine formation
tops.

A patented cleaning method has been developed in Rock-
Wash. The motivation is that oil and gas companies for years
have invested in collecting and storing drill cuttings from all
wells drilled, but the data is stored away, representing a phe-
nomenal underused/unused data set that can reduce exploration
uncertainty. At the moment, the best method to remove as much
as possible of the drilling fluid contamination.

Three laboratory techniques used to determine mineral
composition: X-ray diffraction (XRD), QemScan (automated
SEM-EDS), and SpecCam (near-infrared spectroscopy), named

'Camageo
" Corresponding author, E-mail: cfg@camageo.no
DOI: 10.3997/1365-2397.f62026032

trusted methods, were run on 80 wells. XRF (X-ray fluores-
cence) only give the elements that were run on all 1900 wells.

QEMSCAN

Quantitative Evaluation of Minerals by Scanning electron
microscopy is a registered trademark owned by FEI Company
(now part of Thermo Fisher Scientific) since 2009. Prior to
2009, QEMSCAN was sold by LEO, a company jointly owned
by Leica and ZEISS.

The integrated system comprises a Scanning Electron Micro-
scope (SEM) with a large specimen chamber, up to four light-el-
ement energy-dispersive X-ray spectroscopy (EDS) detectors,
and proprietary software controlling automated data acquisition.
It gives a picture of the sample and the elements like XRF. The
minerals are calculated using proprietary software with a mineral
library. The mineral composition it gives is the real present com-
position including fluids in the pore space and water bound in the
clay minerals.

XRD

X-ray Diffraction (XRD) is a non-destructive analytical tech-
nique used to identify crystalline phases, determine structural
properties, and analyse materials’ atomic structure. By meas-
uring the diffraction pattern of X-rays scattered by a sample,
it provides information on phase composition, crystallinity,
lattice parameters, and crystallite size. In short, the output is the
mineral composition. Impotently, as dry fraction and different
from QemScan.

XRF

X-ray fluorescence (XRF) analysis is a non-destructive, rapid
analytical technique used to determine the elemental com-
position of materials. It identifies elements (from sodium to
uranium, generally) by measuring the characteristic fluorescent
X-rays emitted from a sample when irradiated by a primary
X-ray source, widely used for elemental analysis and chemical
analysis. The mineral distribution is calculated in a similar
manner as QemScan.
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Total clay Total Clay (single column) Sum of illite, kaolinite, chlorite, smectite, and Sum of illite, kaolinite, chlorite, smectite,
muscovite/mica species (15 columns) and mica species (16 columns)

Calcite Calcite + Aragonite Calcite Calcite

Dolomite Dolomite + Kutnohorite Dolomite + FeDolomite Dolomite

Total carbonates  Calcite + Dolomite + Siderite

Calcite + Dolomite + Siderite

Calcite + Dolomite + Fe-Carbonate

Bassanite + Gypsum

K-Feldspar + Albite + Oligoclase + Andesine —

+ Labradorite + Bytownite + Anorthite +

Pyrite + Chalcopyrite + Cu-sulphides + Sphalerite  —

Fe-oxides + Fe-Ti-oxides + Goethite —

Sulfates Barite + Anhydrite + Gypsum + Barite + Celestine + Anhydrite
Bassanite + Celestine + Jarosite
Quartz Quartz + Opaline silica Quartz
Feldspars K-Feldspar + Plagioclase
Anorthoclase
Pyrite/sulfides Pyrite + Marcasite + Other
Sulphides + Galena + Pentlandite
Iron oxides Hematite + Goethite + Magnetite
Ti oxides Anatase + Rutile + Titanite

Table 1 How the XRD, @emScan and SpecCam respond to different mineral groups.

SPECCAM

SPECCAM is a non-destructive imaging infrared spectroscopy
technique used in the petroleum and mining industries to map
the distribution of minerals and hydrocarbons on rock surfaces
(cores, cuttings) at sub-millimetre scales. It offers real-time,
automated analysis of mineralogy (e.g., clays, carbonates) and
hydrocarbon presence. The only requirement is that it is water-dry
and the surface is moderately clean. No other sample preparation
is required.

Testing method

If these trusted methods disagree with one another, then the disa-
greement between them places a practical floor on how accurately
any method can be expected to perform. The purpose of this study
is to quantify how well the three methods agree, and to put the
accuracy of the mineral inversion into that context.

78 wells on the Norwegian Continental Shelf have cuttings
data from all three methods at matching depths, giving 24,059
common depth samples.

Each method has inherent limitations. XRD struggles with
amorphous phases and poor crystalline clays. QemScan classifies

Pairwise Method Comparison — All Wells Pooled

Total Clay Total Carbonates calcite Dolomite

lImenite + Ulvospinel + Rutile/Anatase + Titanite —

pixels by composition, so fine-grained mixtures may be mis-
assigned. SpecCam can only see minerals with diagnostic NIR
absorption features, and is blind to quartz, feldspars, pyrite, and
metal oxides.

Comparable mineral groups

Each method reports different raw columns, so we aggregate
them into canonical groups before comparing them. The table
below shows how each group is built from the source columns
(Table 1).

Key points about the grouping:

e XRD reports total clay as a single number (XRD_WP_
TCLAY), so we cannot compare individual clay species
between XRD and the other methods. For QemScan and Spec-
Cam, total clay is the sum of all clay species (illite, kaolinite,
chlorite, smectite, muscovite/mica).

* SPECCAM is blind to quartz, feldspars, sulphides, and oxides
because these minerals lack diagnostic near-infrared absorp-
tion features. The last five groups in the table are therefore
XRD vs QemScan only.

Sultates

‘‘‘‘‘‘‘‘‘

“asn Figure 1 Pairwise method comparison across 78
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Siderite group includes magnesite and rhodochrosite (XRD)
and Fe-carbonate (SpecCam), because these are grouped
together in the source data.

* QEMSCAN has two file formats: RAW (with 60 mineral
columns) and STD (pre-aggregated, 20 columns). We prefer
RAW when available, falling back to STD. The column names
differ between formats but map to the same canonical groups.

Pairwise cross-plots

The figure 1 below shows each depth sample as a dot. Three
rows correspond to the three method pairs (top: XRD vs
QemScan, middle: XRD vs SpecCam, bottom: QemScan vs
SpecCam); five columns to the mineral groups. Points on the
dashed diagonal indicate perfect agreement.

How well do the methods agree?

MAE (mean absolute error) measures the average absolute differ-
ence between two methods at the same depth. For total clay, even
the best pair (XRD vs QemScan) disagrees by nearly 13 wt% on
average. For carbonates and sulphates, the agreement is tighter,
but still several weight per cent (Table 2).

Pair Total Clay Total Carbonates Sulfates
MAE MAE MAE
XRD vs 12.8 wi% 6.2 wi% 1.3 wi%
QEMSCAN
XRD vs 20.1 wi% 7.3 wi% 3.2 wit%
SPECCAM
QEMSCAN vs 21.1 wi% 6.9 wt% 2.6 W%
SPECCAM

Table 2 Mean Absolute Error (MAE) between two and two analytical methods.

Well 3/7-10 S — Mineral Group Comparison

Quartz Total Clay Total Carbonates.

Sulfates (Barite etc.)
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SpecCam shows the largest disagreement (Table 2). It
systematically under-reports total clay relative to XRD and QEM-
SCAN. For carbonate species, SpecCam tends to assign carbonate
signal to dolomite even in intervals where XRD and QemScan N
agree the rock is dominated by calcite — a known ambiguity in
NIR spectroscopy where the carbonate absorption features calcite
and dolomite overlap.

One can conclude based on this analysis that the SpecCam
method is not applicable to drill-cuttings.

The following is therefore an analysis of QEMSCAN, XRD
and minerals calculated from XRF analysis.

Results: Well log comparisons.

The well log plots below (Figures 2 and 3) show how each
mineral group varies with depth. Blue is the inversion result, red
is XRD, and green is QemScan. Where the curves track each
other closely, the inversion is capturing the real mineralogy.

The cross-plots (Figures 4 and 5) below show inversion
(horizontal axis) against the reference measurement (vertical
axis) for each mineral group. Each dot is one depth sample.
Points on the diagonal line indicate perfect agreement. Points
consistently above or below the line indicate a systematic over- or
under-estimate.

Top row compares against XRD, bottom row against QEM-
SCAN.

Summary
What works: Quartz, sulphates, and carbonates are well-recov-
ered. The inversion picks up the right depth trends and absolute
magnitudes (fig 6 and table 3).

What needs work: Clay is systematically underestimated by
8-0 wt%. This is expected: clay minerals contain 3—14% bound

Pyrite + Sulfides

1000

1500 —

Depth (m)

]
H
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Figure 2 Well 3/7-10 S. The inversion (blue) fracks
XRD (red) well for quartz, carbonates, and sulphates.
Clay is underestimated — the blue curve sits below

the red and green — mainly because clay minerals
contfain bound water that is not measured by XRF.
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Well 16/1-22 A — Mineral Group Comparison

Quartz Total Clay Total Carbonates Sulfates (Barite etc.) Pyrite + Sulfides

Depth (m)

Figure 3 Well 16/1-22 A. Similar pattern: good
agreement on quartz and sulphates, with clay
underestimated and carbonates somewhat

= om0 overestimated. The inversion captures the major depth
frends in all groups.
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Validation Summary — All Wells
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Figure 6 Left: Systematic bias (positive = inversion overestimates). Right: correlation with

shown.
Mineral Avg. bias vs Correlation vs Verdict
group XRD XRD
Quartz +1 wt% 0.72 -0.92 Good
Total Clay -8 10 -10 wi% 0.59 -0.89 Underestimated
Total -4 to +7 wt% 0.78 - 093 Reasonable
Carbonates
Sulfates 0 wi% 0.80-0.93 Good
(Barite)
Pyrite + +0.6 wt% 0.25-0.72 Noisy
Sulphides

Table 3 How well XRD definds the differnet minerals.

water (OH groups) by mass, and this water is invisible to XRF.
The inversion cannot ‘see’ that mass, so it assigns less clay than
is actually present. The remaining oxide balance goes partly to
carbonates, explaining their slight overestimate.

XRD vs QEMSCAN: The two reference methods don’t per-
fectly agree either — XRD reports 13-17 wt% more quartz than
QEMSCAN, largely because QEMSCAN classifies boundary
pixels as ‘QuartzClayMix’ rather than pure quartz. This means
some apparent errors in the inversion vs QEMSCAN comparison
are really artefacts of the QEMSCAN method.

XRD vs QEMSCAN disagreement
Because SpecCam has known blind spots (no quartz, sulphides
or oxides) and systematic biases in carbonate species identi-

XRD vs QEMSCAN Disagreement at Each Depth

Total Clay Total Carbonates Calcite

&
o

reference (higher = better depth-trend tracking). Both wells and both references

fication, the most meaningful baseline is the spread between
XRD and QEMSCAN — two methods that can see the full
mineral suite. The histograms below show the absolute differ-
ence between XRD and QEMSCAN at each depth, excluding
depths where both methods report zero (i.e. the mineral is
absent in both).

The top row shows the five groups that all three methods
can measure (clays, carbonates, sulphates). The bottom row adds
five groups that only XRD and QemScan can compare: quartz,
feldspars, pyrite/sulphides, iron oxides, and Ti oxides.

Context: Inversion error vs method disagreement

The figure 8 below compares the XRD vs QemScan dis-
agreement with the error of our XRF-based mineral inversion
(measured as MAE against XRD across 80 wells). It’s important
to remember that XRD gives minerals in dry weight only, while
QemScan includes porosity and water contant.

Summary

The ‘Ratio’ column shows inversion error divided by XRD-Qem-
Scan spread. A ratio near 1 means the inversion is about as close
to XRD as QemScan is.

Key findings (Table 4):
* XRD and QEMSCAN do not agree with each other. Even
these two well-established techniques differ by a median of
10 wt% on clay content. This is the baseline: it represents
the practical limit of how well any method can match XRD.
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: a4 6
R0 ~ QEmSCAN] i)

Ti Oxides.

— mesan =175 aon = 33 e

minor phases
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depth (log scale, zeros excluded). Top row: clays,
carbonates, and sulphates. Bottom row: quartz,
feldspars, and minor phases. Quartz shows the largest
disagreement (median 13.1 wi%), comparable to fotal
clay. Feldspars disagree with a median of 3.3 wt%.
Minor phases (pyrite, iron oxides, Ti oxides) agree
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Inter-Method Disagreement vs Inversion Error
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Figure 8 Blue: median |XRD — QemScan | spread. The error bar shows 75th
percentile. Red: MAE of the XRF mineral inversion vs XRD. For total clay (the
hardest group), the inversion MAE (11.3 wt%) is comparable fo how much XRD and
QemScan disagree with each other (10.3 wi%). For sulphates, both the method
spread and the inversion error are below 1 wt%.

Mineral XRD vs Inversion MAE
group QEMSCAN vs XRD

spread
Total Clay 10.3 wi% 11.3 wi% 1.1x
Total 3.0 wi% 8.6 wi% 29x
Carbonates
Sulphates 0.7 wi% 0.9 wi% 1.3x

Table 4 Comparing XRD versus QemScan. Using raw output data from DISKOS.

e The XRF inversion is comparable to QEMSCAN in its agree-
ment with XRD. For total clay, the inversion MAE (11.3 wt%)
is only slightly larger than the XRD-QEMSCAN disagreement
(10.3 wt%). For sulphates, the inversion is nearly as precise as
the lab methods.

» Carbonates are the inversion’s weakest point relative to the
baseline. The inversion overestimates carbonates by about

6.5 wt% (driven by missing CO2 in the XRF oxide balance),
while XRD and QEMSCAN agree on carbonates to within
3 wt%.

* SPECCAM is the least consistent with the other methods. It
systematically under-reports clay and misassigns carbonate
species. Adding SPECCAM roughly doubles the apparent
method-spread for every mineral group.

e Clay is hard for everyone. The three laboratory methods disa-
gree most on clay, and the inversion’s largest error is also on
clay. This reflects genuine measurement difficulty, not a flaw
in any single technique.

QEMSCAN data versus wireline data.

QEMSCAN mineral analysis includes a synthetic generated
Gamma Ray (GR) curve, volume of clay (Vcl) and porosity. The
calculated porosity is only interesting for analysing core chips.
Figure x show exploration well 3/7-10 S, a dry well in the Segne
Basin, North Sea. The GR track to the left shows the wireline GR
curve in green. The green triangles are the QEMSCAN generated
GR curve. Track 15 is the wireline calculated lithology (CPI).
The black triangles are the QEMSCAN:-calculated Vcl, which
is also a very good match. It illustrates that running QEMSCAN
mineral analysis on the drill cuttings generates a valuable
dataset. In addition, the synthetic generated GR curve gives a
quick quality check of how representative the drill cuttings are.
More than 40 of the wells have been analysed by the Elemental
Capture Spectropy (ECS) log by Schlumberger ran. And yet,
there have been no publications showing analytical work done.
All these data have now been publicly available for two years.

Well correlations based on mineralogy
distribution

Figure 10 is a long well correlation using the cuttings mineral
data calculated from the XRD data. The software used is IC
provided by GeoActive in Aberdeen. The Gina Krog field is in
the centre of the well correlation. The well number is deliberately
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XRF Data Quality: Oxide Profiles and Sample-to-Sample Variability

Well 16/7-5 (compromised) Well 3/7-10 S (normal)
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Figure 11 Sample oxide profiles from 16/7-5 compared to 3/7-10 S.

too small to read due to confidentiality. It shows that the cuttings
mineral data correlates and in places challenges the old formation
tops picks.

This test brings me to my last important comment/message.
The drill cuttings are not always representative of the formation
drilled.

Can we ftrust the drill cuttings? Note on well
16/7-5 — XRF verification of possible
compromised sampling

Back in 1984, 1 was the first Norwegian geology-educated
(University of Oslo) mudlogger. Hired by Gearhart Geodata
in Aberdeen. My first offshore assignment was being sample
catcher at Zapata Ugland, exploration well 16/7-5 operated by
Exxon. For reasons I never understood we were not allowed
to store the drill cuttings boxes outside the mudlogging unite,
but down the nearby shaft. I complained to the Exxon wellsite
geologist, who referred me to the Exxon drilling manager. I
went personally to him and explained the problem; to be able to
catch all samples we needed to store the cuttings bags closer to
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Figure 10 A long south-north well correlation with the
Gina Krog field.

XRF Oxide Composition vs Depth — Compromised vs Normal Sampling

Well 16/7-5 Step Well 3/7-10 S Step
(compromised sampling) change (normal sampling) change
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Figure 12 Oxide comparison with depth from 16/7-5 compared to 3/7-10 S.

where we bagged them. He got very upset and demanded that
the cuttings samples be stored in the shaft, on the opposite side
of the rig! He was very offensive. I reported the incident to the
NPD lawyer.

We have now tested the XRF data from that well. The only
way we could fulfil Exxon’s demand, was to fill big buckets
with drill cuttings about every 30-50 m, carry them down to
the drill shafts and fill samples bags from the same bucket at
different depths from top to bottom as best we could. The Exxon
wellsite geologist was happy getting all his cuttings bags.

What are we looking for?

We analysed the XRF oxide data for well 16/7-5 (480 samples,
170-2897 m) and compared it against well 3/7-10 S (a normally
sampled well) and the full population of ~1900 wells. If samples
from many depths had been filled from the same bucket, we
would expect to see blocks of near-identical oxide compositions
spanning long depth intervals, abnormally low sample-to-sam-
ple variability, and smeared or absent formation boundaries.

Results

The XRF data for well 16/7-5 show that not a single pair of
consecutive samples is identical, even at 0.1 wt% precision
across all nine oxides. The median sample-to-sample oxide
change is 9.4 wt%, placing this well at the 45th percentile across
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all 1928 wells — squarely in the middle of the population. The
longest interval of low SiO2 variability is ~300 m (1670-1970
m), which ranks 375th out of 1917 wells. Comparable or longer
flat stretches occur routinely in wells that penetrate thick homo-
geneous formations (chalk, shale). The autocorrelation decay
with depth lag is also unremarkable.

Observation

Well 16/7-5 is a valuable first-hand account of how sampling
practices in theory could have compromised data quality. The
XRF data alone cannot verify or quantify the extent of the
problem. A stronger test would be to correlate the XRF-derived
mineral inversion with wireline log response (e.g. gamma ray):
in a properly sampled well the mineral composition should track
the wireline, while in a compromised well the correlation would
break down. This was not attempted in the current revision.

In many ways this test suggests that mudloggers, despite
the conditions we worked under during the 1980s in the North
Sea, were very dedicated and did an extraordinarily good job.
Drilling offshore exploration wells are very expensive. Catching
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the drill cuttings do not increase rig time. Done correctly, they
represent a valuable tool to do post-well evaluation. In particu-
lar, searching for missed-pay.

There are more operators today that use more than one
sample catcher on each shift to insure, all the samples are taken
at correct depth interval.

Summary

The XRF mineral inversion produces results that are comparable in
accuracy to QEMSCAN when benchmarked against XRD. Given
that XRF data is available for 1900 wells (vs 80 for XRD and 90 for
QEMSCAN/SPECCAM), the inversion offers a practical way to
extend mineral composition estimates across the full well inventory
at a quality level consistent with established laboratory methods.
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