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2013 REPORT
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Outline of this presentation

Problem to be solved

History of the working group
2012-2013 Shale Round Robin
Discussion and Future Directions
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WHAT ARE THE BIGGEST PROBLEMS WITH
IDENTIFICATION OF PRIMARY VITRINITE?

Recognition of primary vitrinite and distinguishing
It from similar macerals in shale

Lack of supporting documentation and data

Lack of experience — or a particular experience
guides interpretation

Pressure to determine thermal maturity of vitrinite
when vitrinite may or may not be present

Poor polish

Preparation: whole rock vs. kerogen concentrate
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RECOGNITION OF PRIMARY VITRINITE

Distinction from bitumens

Vitrinite is not pore-filling or anastamosing, is not

B T o PR = embayed by authigenic minerals, often is
¢ oy’ M ‘= ™1 prighter, thicker, boundaries are more distinct,
P o b e 1 does not have mosaic anisotropy, may occur
s e O - with other macerals; whereas bitumens cross
e o CeSy " bedding, can occur as droplets, dissolve in
e Gl . { R . solvents, and may have mosaic anisotropy —
SRR e = P rock type, rank, and geologic occurrence may

iInfluence expectations
Distinction from bituminite
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Vitrinite has brighter reflectance Iower fluorescence more distinct boundaries, is
more blocky and evenly colored; whereas bituminite often is observed in

association with lamalginite and micrinite, is indistinct and wispy, and is speckled
or unevenly colored
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RECOGNITION OF PRIMARY VITRINITE

Distinction from recycled/oxidized vitrinite

B

Primary vitrinite is not as bright, more angular,
recycled vitrinite may have bright or dark halos,
recycling may be anticipated from geologic
context, e.g., orogeny, recycled vitrinite has
higher spread of reflectance values

Vitrinite is not as bright, has lower relief, is not

| usually as arcuate, does not have well-preserved
cellular structure-lumens, has less distinct grain
margins, has a more porous and textured surface;
semifusinite may have irregular anisotropy regions
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Identification of primary vitrinite: -
History of the working group

Working group proposed by Angeles Borrego at September
2008 Oviedo ICCP meeting

Questionnaire about DOMVR analysis and identification of
primary vitrinite completed by April 2009

Results of questionnaire presented at the 2009 Gramado
meeting and published in ICCP News No. 48, Nov. 2009

Proposal to create new ASTM standard for DOMVR
presented and accepted during 2009 Gramado ICCP meeting

D7708-11 published in 2011 Annual Book of ASTM Standards
September 2011

Proposal for round robin exercises to provide R&r for D7708-
11 presented and accepted at 2011 Porto ICCP meeting

V V V VoV

Oviedo 2008 Gramado 2009 Belgrade 2010 Porto 2011



Identification of primary vitrinite: -

History of the working group cont.

Selection, collection and characterization of samples (~25)
from 2011 Porto ICCP meeting to 2012 Beijing meeting

2012 Beljing meeting: proposal for six samples including type
| (lacustrine), type Il (marine), and type lll (terrestrial, coal
measures), immature, mature, and overmature, Devonian to
Tertiary, to be analyzed in duplicate

October-November 2012, samples distributed

February-June 2013, results received, QA/QC with each
petrographer; results passed to ASTM ILS program staff

Sosnowiec 2013, first presentation of results

V V V \

Porto 2011 Beijing 2012 Sosnowiec 2013



qﬂb’; Designation: DT708 - 11
11

TR AT

Standard Test Method for
Microscopical Determination of the Reflectance of Vitrinite
Dispersed in Sedimentary Rocks’

NNUAL BOOK OF
M STANDARDS

SECTION FIVE

PETROLEUM PRODUCTS,
LUBRICANTS, AND FOSSIL FUELS

voLume 05.06
Gaseous Fuels; Coal and Coke ﬂ-gIP/
—ul

Use D7708, follow reporting requirements




Instructions distributed with samples

Please read and follow ASTM D7708 carefully!

Please follow reporting instructions!

Please provide any commentary on samples and
on ASTM D7708!

Please contact convener with any guestions about
samples!

/A
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Brian Cardott Oklahoma Geological Survey

Angeles Borrego INCAR Spain

Deolinda Flores University of Porto Potugal

Paul Hackley U.S. Geological Survey USA

Iwona Jelonek University of Silesia Poland

Wayne Knowles Weatherford United Kingdom
Maria Mastalerz Indiana Geological Survey USA

Jane Newman Newman Energy Research New Zealand

Walter Pickel Coal & Org. Pet. Services Australia

Harold Read Coal & Org. Pet. Services Australia

Genaro Rodriguez Servicio Geologico Mexicano Mexico
Isabel Suarez-Ruiz INCAR Spain

Brett Valentine U.S. Geological Survey USA

Twenty-eight participants, 22 laboratories, 14 countries

/A
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Sample Distribution — most are from USA
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a USGS A

Sample 1 — Green River Shale, Eocene

Green River, LOI 23.6 wt.% =arz

FLD
B CARB

ILLITE
B KAOL
B CHLR

mPY
B OTHER

. o
! ﬁ-lj i = TYPE Il
. . §) -
2 . GreenRiver
] .. b = 2 s
> z 5
2 2 0rmm
; : z SHRBNIALLES
» zZ O OO 0o oo o o o o
R, 0.30% & Ro
N :
Material is bitumen per 3 petrographers (but [ i
Jacob’s equation gives unrealistic conversion TYPE Il
of >0.6%). Cellular structure is rare but il
present in some samples. AOM is abundant,
fluorescence is very strong. 60 80 100 120 140 100 180 200

OXYGEN INDEX (Ol, mg CO,/g TOC)
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Sample 2 — Boquillas Shale, Upper Cretaceous
Boquillas, LOI 5.7 wt.% = a1z

FLD
H CARB

ILLITE
mKAOL
B CHLR
mpPY

B OTHER

",-" : -

TYPE Il

fal

Boquillas
outliers
\

*’J S .
R

. w 1.
R, 0.50% u#

In addition to vitrinite, contains lower
reflectance bitumen (R, 0.25%) which was TYPE Il
noted by several, but not measured. W,

Foraminifera are abundant, AOM is relatively N

abundant, fluorescence is strong. OX‘fGENBIONDE;Oz’Ol 12°CO17°TO§° 180 200
» Mg CO/g
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a USGS e

Sample 3 — Huron Shale, Devonian
Huron, LOI 8.78 wt.% Q1Z

FLD

‘ ) m CARB
N mILTE

m KAOL
m CHLR
mPY

m OTHR

TYPE Il

Frequency

o
O
'_
2
o
I
o
=
z
>
o
a)
=
z
W
O
©)
x
=
> 200

Vitrinite is rare or absent; four petrographers

reported bitumen reflectance. Tasmanites is TYPE Il
abundant (some misidentified for vitrinite or W,
mega-spores) with strongly red-shifted .
fluorescence. Weathering (sulfates, oxides) 60 80 100 120 140 160 180 200

OXYGEN INDEX (Ol, mg CO.,/g TOC)
prevalent.



—~ )/
<

Sample 4 — Rodiles Shale, Jurassic
Rodiles, LOI 2.37 wt.% =01z

FLD
m CARB

ILLITE
m KAOL
mCHLR
mPY
mOTHR

TYPE Il
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Sample contains multiple populations of

recycled vitrinite/semifusinite. Contains TYPE Il
bitumen with same reflectance as the RV
indigenous vitrinite. Char particles abundant; .
six and eight spindle calcareous fossils 60 80 100 120 140 160 180 200

OXYGEN INDEX (Ol, mg CO,/g TOC)



a USGS A

Sample 5 — Pottsville Shale, Carboniferous
Pottsville, LOI 3.41 wt.% =ornz
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Sample is from coal measures, very organic

rich; organic fluorescence is present but dim. TYPE Il
High level of agreement in measurements \
(0.06 GSD). Some petrographers confused .
highly structured semifusinite for vitrinite. 60 80 100 120 140 160 180 200

OXYGEN INDEX (Ol, mg CO,/g TOC)
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a USGS A
Sample 6 — Pearsall Shale, Lower Cretaceous
Pearsall, LOI 0.54 wt.% Q1

FLD

: 1 = CARB
- ILLITE
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Very organic-lean, most difficult sample.
Vitrinite(?) grades into semifusinite. Euhedral TYPE Il

authigenic carbonate (dolomite?) abundant. ‘./—\TYL\Q y
Contains textural bitumen with same

40 60 80 100 120 140 160 180 200
OXYGEN INDEX (Ol, mg CO,/g TOC)

reflectance as vitrinite.
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Comments from participants and some '
observations

More difficult than daily work; samples need supporting data such
as Rock-Eval, TAI/SCI, geological information

Not easy but representative of rocks being analyzed in the oil and
gas industry

Only 2 persons asked about samples prior to analysis

All petrographers (except the first to submit results) were provided
preliminary feedback and opportunity to submit edited results

Six petrographers submitted edited results: instrument calibration
mistakes, sample preparation mistakes, identification mistakes

Measurements on “semifusinite” included in precision statistics for
sample 6

Measurements on “bitumen” included in precision statistics for
samples 1, 3, 4, and 6

All petrographers reported proper order of increasing maturity: 1, 2,
3,5, 4,6
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Results — Precision Statistics

Repeatability Reproducibility
Standard
Deviation

Sr
0.034

0.012
0.024
0.038

0.015

0.015

Repeatability /Reproducibility

Standard Limit Limit
Deviation
Sk r R
0.194 0.095 0.544
0.041 0.034 0.115 — %
0.120 0.067 0.335 I’—2.8 Sr
0.147 0.108 0.411 _ *
R=2.8%*sy

0.061 0.043 0.172
0.067 0.043 0.187

Standard Deviations of Reproducibility and Repeatability

Material Average
© Lower Cretaceous 1532
1 shale
Eocene shale 0.305
3 Devonian shale 0.800
4 Jurassic shale 1.178
Carboniferous 0.990
5 shale
2 Upper Cretaceous 0.498
shale
0.25
0.20
S
® 0.15
®
[a)]
B
g
= 0.10
n
0.05
0.00

0.0 0.2 0.4

0.6 (0X:]

Versus R,

o Reproducibility
© Repeatability

1.0 12 1.4 1.6 1.8
R

Precision and Bias Statement will be balloted ASAP



DISCUSSION

Equipment impacts interpretation — an analyst unable to see

Tasmanites fluorescence in sample 3 (Huron shale, R, 0.80%) reported
higher values than group mean. Require reporting of equipment type if
fluorescence is noted? Require reporting of equipment type in general?

Difficulty in obtaining minimum of 20 measurements for compliance
with ASTM. Add statement to reporting requirements that non-
compliant values can be used as a qualitative thermal maturity
indicator?

Do repeatability conditions assume that the analyst is aware they are
analyzing an identical sample?

Additional ICCP round robin exercises? Send out similar samples —
one with supporting information and one without? To test the
hypothesis that supporting information will improve accuracy of test?

Many petrographers attempted to follow the ASTM reporting
requirements but some disregarded the instructions completely.
Therefore, a template clearly is needed in the standard to help
petrographers conform to reporting requirements. Which one?
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DISPERSED VITRIMITE REFLECTANCE REFORT

Reporting

SAMPLE INFORMATION
Submitted by: P. Warwick

Date Submitied: 4.25.11
Project: Gulf Coast

*11.1.1 Mean and standard deviation
of the readings of random reflectance
of vitrinite, as percent reflectance in
iImmersion oil, shall be noted

Sample |D: POW 10-01 Boquillas
Lak 10 1743
SampleType’ nLl:'up

*The number of measurements
collected shall be noted

- *The identification of macerals other
i than vitrinite presented in the
: reflectance table or histogram shall be
I SR - noted
DATA «11.1.2 Sample preparations and
077 0428 0505 measuring equipment, or indication of
o355 0t 0otz compliance with Test Method D7708
022 0458 0529 and Practice D2797 shall be noted
0408 0462
0415 Odo0 *Any descriptive information....shall be
AllData:  min: 0160 max 0829 noted
Vitrinite Only:  min: 0,355 max 0548 V-types: 3
__ *Fluorescence.....shall be noted

, Texas, dark gray laminated s
gd preparation and polish (1A

o e
karit, wispy ACES aﬂﬂ. bﬂulm‘ﬂ a'”nd bmmmte p
rong fluoresce! Q ole-sample preparation by ASTM D2?'§

*Report the quality of sample
preparation

‘”"’"b

U5 Dapoiment of Ths bnlirics ICCPDOMVR/OGE Eatirn Enétrgry Ressoonies Tanm
U5 Gaclogical Suvesy mopines GO0G2001 Cpeunac Petologry Labormiory
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FINAL REPORT TO: Paul Hacklzy
U8, Geclogical Survey
Reston, VA 20192
UsA

DATE: 25 March 2013

Dispersed vitrinite reflectance’, sumple 14

Sample | | Ro ran 5% | N= | Standard deviation | Range %
1A 026 |30 0045 0.17 = 0.34

Table 1 Analysis results for Sample 14 A chart and &5t of values appear on page 2 as Figure1 and Table 2.

Preparation & analysls: Samples ame whole ok, prepared in broad agreement with ASTAM DITH7
with the exception that a hydmulic mounting press is not used Measurements are nmde on a Zeiss
UM SFS0 petrol o cal microseope wng sappiare and gamet dandards and Zeiss “F immersion ail.

Polish: The polish on Sample 1A ranks LA™ (Excellent) on the alphanumenical ecale defined by the
ASTM DT708 fedd method, The coitena for this scale we reproduced on page 2 of this repont.

Litholegy: Sample | A i3 a dominantly carborate lithobozy with sigrificant amorphous organic matter.
There iz evidence of microsmmciral dimwbance and the rock manx i3 sometimes inensely
Nuorescent pamicularly along fractume zomes, which suggeds a complex burial history. There i
mineralogical evidence of loydrothemeal sctivity,

Confidence in the vitrinite reflectance resull as an indicator of thermal history:  Sample 1A
corlnins a resnicled orgaric assemblage. Subjects with vitrinite morphology are considened likely 1o
Teaave an unusual cherristny, Alithough the reflectance of these suljects has been measunsd the resull =
corsidered unlikely to represent ue vildmte with othohydiows clendstry, The suljects ae also
corgmdered |m||ktl)' 1 be g vilnmie wath |1erhyd'rrnﬂ rh:rm!ﬂr}' ConBidence m the reflectance reaill
& an inlicator of thermal higtory is consequently rated Very Poor according to Newman Energy
Reaearch Lid eriteria. The result is axpected to substantially undemstimate the mexinmum temperatare
experienced by (e sample interval during burial history.

Recommendations: VIRF analysis might provide a moce reliable indication of thermal history than
stamcdand VR bt should be complemented by analysis of 2 mose diverse suite of lithologies and by
defirition of a well conetrained maturty profile for the entire succession, if suitable mumples can be
obtained

Analyst: Jane MNewmam

* Parformed according 1o ASTM sandard D7 708 unless otherwise noted

Page | of 2

2 Rose Street

Christchurch

Mew I ealand 8025

phone B4 3 3381 88T

Fax B4 3 3381 033

emal | N i reh. & o

Vaolame %

"o
a0

an

:‘9_\“ rrdg

g :

= 5

-3 »

f‘i,’. ..‘\"‘J

Ting o a0®
7| Table2 Tabulaled e
Supla, 1A, measurements

0183 037
0207 0,283
0341 [ 0173 |
[ o] 0239
0.219 0184
0317 0.3
0235 0,304
0278 | 0300
0312 0,287
0.3 0,307
0199 0N
0306 0.0
N N 02| 0o
0283 0259
Hasllsctanca (randam) 0720 0727

Figura 1 Reflectance data as histogram

ASTM DTT0R polish rating criteria

Proportion of the sample which has remamed coherent at the polished surface:
1. Organic matter and associated mineral grains have remained coherent with bindsr and polished
with minimal relicf over =9 of the cxamimation surface.
2. Organic matter and associated mineral grains have remained coherent with binder and polished
wilh minimal rehel over mest of the cxamination surface.
3. Sample has suffered differential erosion: organic matter and associated mineral groins have
remaincd coherent with binder and polished with minimal relicf over a mimority of the
examinatin surface,
Cuality of the polish on organic materials:
A Within the coherent areas of the examination surface with minimal relicf, =90% of the organic
materials are free of pitting and scratching,
B. Within the coberent aneas of the examination surfsce with minimal relief, =50% of the organic
materials are free of pitting and scratching,

C.

Within the coherent arcas of the examination sarface with minimal relicf, most of the organiz
materials are pitted amd scratched.
1 1 3
A 1A Excellent 1A ‘n'm'mp-ud 3A Poor
B 11 ol P E R S8 Very poor
[N 1C Poor 2C Poor 3C Tinusshle

Page 2 of 2
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WELL: IDEPTH
Cemnry Fomain
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deslion SavpleType

ar rbmden e v
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oa 195 Cakr At
et Ge | L1140
Dy s Al BTy i
Pottmatue Rlaturity i
- i,
.5 i Srcon Secasp -l Wimion Purt A+ Shanormcak . T 7TH

Project No, 45370 ASTM D7708:11 BGR Repdit
Report of Analysis Data: 1aand 1b %
% g
112 i L
finy o 209
10 Mumikie Lims Nuitiber | Mean randain VR 5D N utiibeer ol Memtiatvrienls pocm
1a 1215EM 0,31 0,024% 32
1 115837 1 L] 00276 34
Ll e
o
=]
w
=) u
m My
= |
L
LE
LN
' "
s A1 &2 dy da I I I T B s T T T T L L T T
1 m
1a 1b
1113

Sample propamtian: moomalinnoe with DR 2202021998 (mestigations of mw materlal inhand oos-mining
Microscopical examimation of hard coal, coke and briquettes = Part 2: Pragaration of polished surface from lump
ad marticuiabe plocks] Water [ee preparition technigue ws sdopted

malerls
Measusing equipment: in comalianoe wilh Test Method D77FE

1103
Preseace of flucrescenae in th
Presenon of Nueeesconce in the | plinle: yes

Witrimite rellectanoe supptewion due o intemwe Aeeresornces pesiohe

1114
Presence of sbaofmal reflectasce valies a1 a given degth on annte-val o poolile: dees ot apply

1115

DistIaguishing features of the fisst opc e vitrinite: st-lpes

Presenvoe or absence of organic maber.ats similar bo first oyde materia': e observed

Dist ngubsiving Tentures of the organic materiats $mile- to first opcle material does not aoply

1146
Check of measurements aller fe-potal: does aat apaly

S B
Quality of te sample preparation: {1)
Quality of the pollsh o organic materials: (4]

icompanying mlormation such as deol v and stratigripsic information:




Plate 2 A-D Vitrinite Reflectance Measurements, Histogram and Images

Company:
Formation
Location:

Depth (ft):

USGSE Round Robin Exercise
NIA

A

A ¥ell: Cutcrop

Min Value
Max Value
Mean Value

# of Measurements
Strd Devlation

Histogram

List of o WValues in Incraasing COrdar: [A)
040 0.40 041 041 04l
043 0.43 043 0.4 045
0.52
List of Ro Valuasin Incraasing Ordar: [B)
038 0.39 040 041 04l 04l
0.5% 0.53
10 micrometers L1 |

ca
REondom Ro wt 548 nm

General Description

Photo Captions
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Template and more discussion

If we develop a template, how do we get petrographers to use it?

Word? Excel? PowerPoint? Or simply an example included in
D7708 in the ASTM book of standards?

Make it available from the ASTM website?
OTHER QUESTIONS

Is an exercise with kerogen concentrates necessary? What is the
benefit to identifying primary vitrinite if textures are removed?

|s extraction with organic solvents necessary? What is the benefit to
identifying primary vitrinite if bitumens are not digested?

NEXT DIRECTIONS
ICCP peer-reviewed publication: Draft 2013-2014

Presentations at AAPG 2014, others, articles for newsletters, Oil and
Gas Journal, etc.
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