


U.S. Department of the Interior
Dirk A. Kempthorne, Secretary

U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia 2008

For product and ordering information:
World Wide Web: http://www.usgs.gov/pubprod
Telephone: 1-888-ASK-USGS

For more information on the USGS—the Federal source for science about the Earth,
its natural and living resources, natural hazards, and the environment:

World Wide Web: http://www.usgs.gov

Telephone: 1-888-ASK-USGS

Suggested citation:

Hackley, P.C., Kolak, J.J., 2008, Petrographic and vitrinite reflectance analyses of a suite of high volatile
bituminous coal samples from the United States and Venezuela: U.S. Geological Survey Open-File Report

2008-1230, 36 p., http.//pubs.usgs.gov/of/2008/1230.

Any use of trade, product, or firm names is for descriptive purposes only and does not imply

endorsement by the U.S. Government.

Although this report is in the public domain, permission must be secured from the individual

copyright owners to reproduce any copyrighted material contained within this report.


http:http://www.usgs.gov
http://www.usgs.gov/pubprod

Contents

INEFOAUCTION ... bbb s st
MBEROAS ..ot
RS- 1010 (= @ 0] | 1= od o] o
SAMPIE PrEPATALION.......cucviereeeceretreerese bbb b st
RV AL L 1 T 7 U o=
OrganiC COMPOSITION .....cueveereererereereetsesseesesessssessssessssessssessssessssesssessesessssessssessssessssassssessssessssassssessssessssessssassssessssasnnes
DALA QUAIITY .....cueveecececireeteee ettt sttt s bbb s e s s s s e s e s e e s e s e s en s s s s sesnaenans
RESUIES ..o R ARt
RV AL L 1 T 7 U=
ACKNOWIBAGEIMENTS ...ttt
REFEIBNCES ..ottt

Figures

Map Showing SAMPIE [0CATIONS ........cviieiece et
PROTOMICTOGIAPNS ...

Tables

Table 1. Vitrinite reflectance and maceral group COMPOSITION........ccccvirninnin s
Table 2. Petrographic data on volume percent whole c0al Dasis ...
Table 3. Comparison of data from previous petrographic analyses with this study ..........cccccoocevrivivriiviivieienn.

Appendix

Vitrinite reflectance and organic compoOSItioN data ..o s



Petrographic and vitrinite reflectance analyses of a
suite of high volatile bituminous coal samples from
the United States and Venezuela

By Paul C. Hackley and Jonathan J. Kolak

U.S. Geological Survey, MS 956 National Center, Reston, VA 20192

Introduction

This report presents vitrinite reflectance and
detailed organic composition data for nine high
volatile bituminous coal samples. These samples
were selected to provide a single, internally
consistent set of reflectance and composition
analyses to facilitate the study of linkages among
coal composition, bitumen generation during
thermal maturation, and geochemical
characteristics of generated hydrocarbons.
Understanding these linkages is important for
addressing several issues, including: the role of
coal as a source rock within a petroleum system,
the potential for conversion of coal resources to
liquid hydrocarbon fuels, and the interactions
between coal and carbon dioxide during enhanced
coalbed methane recovery and(or) carbon dioxide
sequestration in coal beds. Several recent studies
have utilized detailed information on coal maceral
composition to refine the understanding of these
linkages (Petersen and Rosenberg, 2000; Karacan
and Mitchell, 2003; Mastalerz and others, 2004;
Kalaitzidis and others, 2006).

The nine isorank samples characterized in this
study differ in geographic location, timing of
deposition, and organic matter composition. Five
Pennsylvanian coal samples from the Illinois,
Appalachian, and Black Warrior basins, USA,
two Paleocene and one Eocene-Oligocene coal
samples from the Maracaibo basin, Venezuela,
and one Eocene coal sample from the Gulf of
Mexico Coastal Plain, USA, comprise the sample
set (Table 1; fig. 1). All original petrographic
data for the samples are included in the Appendix
to this report. Results from proximate-ultimate
analyses are given in earlier publications

(Mastalerz and others, 2004; Kolak and Burruss,
2006; Hackley and others, 2005; Hackley and
Martinez, 2007).

Methods
Sample Collection

Mine channel samples of the three
Venezuelan coals, the Santo Tomas coal (Gulf of
Mexico basin, USA), and the Indiana, Ohio, and
Alabama coals were collected according to
American Society for Testing and Materials
(ASTM) D 4596: Practice for collection of
channel samples in a mine (ASTM, 2007). The
Cedar Grove sample from West Virginia was
collected from core according to ASTM D 5192:
Practice for collection of coal samples from core
(ASTM, 2007).

Sample Preparation

Samples were prepared for analysis according
to ASTM D 2797: Preparing coal samples for
microscopical analysis by reflected light (ASTM,
2007). Samples were ground to pass a 850-um
(No. 20 mesh) sieve and mounted in 1-inch molds
using a heat-setting thermoplastic powder or
epoxy resin medium. Two mounts were made for
each sample. Examination surfaces were ground
and polished, then desiccated overnight prior to
reflectance and compositional analysis.

Vitrinite Reflectance

Determinations of mean random (R,) and
mean maximum (R.x) vitrinite reflectance were



“23'0‘3'”25'0% : P paucity of homogenous vitrinite suitable for

e 2 measurement.
L 0 e 30 Ml Organic Composition
Coal samples were analyzed for organic
/ f , composition according to ASTM D 2799:
§ { Microscopical determination of the maceral
&E.sm.guf*. compositipn of coal.(ASTM, 2007). One.
1001080382, 2001 1006A3, % thousand identifications of organic material and
Fodar Jove mineral matter were performed per sample; five
% < hundred identifications were performed on each
R mount. A modification of ASTM D 2799 using
X T fluorescence microscopy was employed for the
Xiw: e M”}x two liptinite-rich samples (sample ST-94-2, Santo
— Tomas coal, and sample M13-LP, La Pajarita

Figure 1. Maps of United States and Venezuela showing locations of

_ mine, Venezuela) to include two thousand
coal sample collection.

identifications of organic material and mineral
matter (one thousand identifications in white light
conducted according to ASTM D 2798: and one thousand in blge'li.ght). Macer.al.

nomenclature for the vitrinite and inertinite
maceral groups is according to the International
Committee for Coal and Organic Petrology
(ICCP) (ICCP, 1998, 2001). Although random
reflectance values for two of the samples fall
below 0.5 %, the huminite classification scheme
(Sykorova and others, 2005) was not used herein
so that the same terminology was applied
consistently for the entire sample suite. Maceral
nomenclature for the liptinite group is according
to Taylor and others (1998).

Microscopical determination of the vitrinite
reflectance of coal (ASTM, 2007). A Leica
DMRX microscope equipped with a J&M MSP[
200 photomultiplier system was used for most of
the measurements. A Leitz Orthoplan microscope
equipped with a MPV II photomultiplier system
was used for random reflectance measurements of
some samples (see website
http://energy.er.usgs.gov/coal studies/organic pet
rology/laboratory.html for details of the
microscope systems). One hundred
measurements of reflectance of individual
vitrinite fragments of all types were performed as
prescribed by ASTM (2007). Maximum
reflectance was not determined for sample M13 [
LP (Table 1) from the La Pajarita mine in
Venezuela (Hackley and others, 2005) due to

Data Quality

The U.S. Geological Survey Organic
Petrology Laboratory participates in a quarterly
round robin interlaboratory exercise hosted by a

Volume% Whole Coal No.
Sample ID Age Basin State R, s.d. Ryax s.d.  %Vit %lnert %Lip %Min* %Min** Counts
20010803B2 Pennsylvanian lllinois Indiana 048 0.04 054 003 782 74 11.0 34 25 1000
ST-94-2 Eocene Gulf Coast Texas 048 0.06 055 006 699 1.9 18.3 99 5.9 2000
M13-LP Eocene-Oligocene Maracaibo Tachira 052 007 nd n.d. 284 09 66.3 4.4 2.1 2000
20011006A3 Pennsylvanian lllinois Indiana 061 0.05 067 005 838 7.0 4.5 4.7 36 1000
VZG-013 Paleocene Maracaibo Zulia 066 0.03 067 004 780 18.5 21 1.4 06 1000
1R-SM-3(4) Pennsylvanian Appalachian  Ohio 068 0.04 081 003 639 220 7.6 6.5 3.2 1000
VZG-016 Paleocene Maracaibo Zulia 078 0.05 078 004 688 281 0.8 23 1.2 1000
LM1-1.0 Pennsylvanian Black Warrior Alabama 082 0.04 089 003 801 6.9 4.2 8.8 86 1000

Cedar Grove Pennsylvanian Appalachian West Virginia 091 004 095 004 678 240 57 25 2.4 1000

R, = mean random reflectance of vitrinite, R,,;, = mean maximum reflectance of vitrinite, n.d. = not determined, * = determined from mineral-
inclusive point count, ** = calculated per Parr formula (ASTM, 2007).

Table 1. Vitrinite reflectance and maceral group composition.


http://energy.er.usgs.gov/coal_studies/organic_pet

commercial laboratory (CoalTech Petrographic
Associates, Inc.). Results of the exercise are used
to evaluate the precision and bias of our analytical
methods, to develop proficiency in analyses of
different sample types, to correct deficiencies in
analytical techniques, and to develop evidence of
the repeatability and reproducibility of analytical
methods. In addition, the U.S. Geological Survey
Organic Petrology Laboratory maintains
accreditations in methods of coal and dispersed
organic matter petrographic analysis from the
International Committee for Coal and Organic
Petrology. Accreditation information, certificate
number, and expiration date are given in the
footer material of individual sample reports and
are available from the laboratory webpage.

Results
Vitrinite Reflectance

Mean random reflectance of vitrinite ranges
0.48-0.91 % and mean maximum reflectance
ranges 0.54-0.95 %, indicating coal rank of high
volatile bituminous (Taylor and others, 1998).
Samples are arranged in order of increasing mean
random reflectance values in Table 1. Maximum
reflectance values generally are slightly higher
(0.04-0.07 %) than random reflectance with the
exception of the two Paso Diablo samples from
Venezuela (sample IDs VZG-013 and VZG-016;
Hackley and Martinez, 2007), where random and
maximum reflectance are approximately
equivalent. In addition, the Ohio coal sample,
1R-SM-3(4), contains strongly anisotropic
vitrinite and the difference between mean random
and mean maximum reflectance is 0.13 %.
Bireflectance generally is absent in vitrinite in the
lower reflectance coal samples from the Illinois
basin (sample IDs 20010803B2 and
20011006A3), the Gulf Coast (Sample ID ST-941
2), and the La Pajarita mine in western Venezuela
(Sample ID M13-LP). High structural variation
in the vitrinite of these samples (fig. 2A)
primarily is responsible for consistently higher
maximum than random reflectance values, that is,
different types of vitrinite were unavoidably
measured during a single stage rotation.

Organic Composition

With the exception of the sapropelic coal
(M13-LP) from Venezuela (Hackley and others,
2005), the organic composition of the samples is
dominated by vitrinite macerals (Tables 1 and 2).
On a whole coal basis (inclusive of mineral
matter) vitrinite content ranges from 28.4 volume
percent (vol.%) in the sapropelic coal to 83.8
vol.% in one of the Illinois basin samples
(20011006A3). The Paso Diablo coal samples
contain extremely low mineral matter content,
high total inertinite, and high detrovitrinite (fig.
2B) relative to telovitrinite (fig. 2C),
characteristics interpreted to indicate deposition
in an ombrogenous raised mire (Hackley and
Martinez, 2007). The other humic coal samples
of this study contain a two-to-one or better ratio
of telovitrinite to detrovitrinite indicative of
generally rapid subsidence/burial and preservation
of organic material. Low concentrations of
detrital macerals (such as inertodetrinite and
liptodetrinite) also support this interpretation with
the exception of the relatively liptinite-rich Santo
Tomas coal which contains some sapropelic
facies (Warwick and Hook, 1995).

Total inertinite content ranges from 0.9 vol.%
in the sapropelic coal to 28.1 vol.% in one of the
Paso Diablo coals. Inertinite content in Illinois
basin sample 20010803B2 is dominated by
micrinite (fig. 2D) with traces of inertodetrinite;
micrinite also is the predominant inertinite
maceral in the Ohio coal sample (fig. 2E).
Semifusinite also is an important component of
the inertinite maceral group in the samples of this
study, particularly in the Paso Diablo coals and in
the Cedar Grove coal from West Virginia.
Funginite is present only in the Tertiary coal
samples (fig. 2F).

Liptinite content is highest in the sapropelic
coal (M13-LP) from Venezuela, where total
liptinite content is 66.3 vol.%. An amorphous,
faintly fluorescent bituminite groundmass is the
primary liptinite component in this sample (55.3
vol.%; fig. 2G; listed as “other liptinite” in Table
2). The bituminite groundmass hosts discrete
liptodetrinite fragments, sporinite, resinite blebs,
and alginite, as well as vitrinite fragments.
Cannel facies (sporinite-rich) also are present in
this sample. The Santo Tomas coal sample
contains some similar sapropelic facies although
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Figure 2. Photomicrographs of high volatile bituminous coal samples. All photomicrographs at 500x magnification under oil immersion except (G) and
(J) which were taken with a dry objective. Photomicrographs G, |, J, and L under blue light illumination; all others under white light. (A) Structured
telovitrinite illustrating differences in reflectance. Sample 20011006A3, Pennsylvanian, Indiana, lllinois basin. (B) Detrovitrinite hosting inertodetrinite
fragments and semifusinite. Sample VZG-016, Paleocene, Marcelina Formation, Paso Diablo mine, Zulia, Venezuela. (C) Telovitrinite. Sample VZG-013,
Paleocene, Marcelina Formation, Paso Diablo mine, Zulia, Venezuela. (D) Alternating bands of telovitrinite and micrinite with sporinite. Sample
20010803B2, Pennsylvanian, Indiana, lllinois basin. (E) Micrinite-rich detrovitrinite with fragments of inertodetrinite, semifusinite, fusinite, and
sporinite. Sample 1R-SM-3(4), Pennsylvanian, Ohio, Appalachian basin. (F) Funginite. Sample ST-94-2, Eocene, Santo Tomas coal, Claiborne Group,
Webb County, Texas. (G) Bituminite groundmass hosting liptodetrinite and vitrinite fragments, sporinite, and resinite. Sample M13-LP, Eocene-
Oligocene, Carbonera Formation, La Pajarita mine, Tachira, Venezuela. (H) Suberinite. Sample ST-94-2, Eocene, Santo Tomas coal, Claiborne Group,
Webb County, Texas. (I) Same field of view as (H) under blue light. (J) Ornamented megaspore. Sample Cedar Grove, Pennsylvanian, West Virginia,
Appalachian basin. (K) Megaspores associated with bands of telovitrinite and mineral matter-rich detrovitrinite. Sample LM1-1.0, Pennsylvanian,

Alabama, Black Warrior basin. (L) Same field of view as (K) under blue light.



Sample ID _20010803B2 ST-94-2  M13-LP  20011006A3

VZG-013  1R-SM-3(4) VZG-016  LM1-1.0  Cedar Grove

telovitrinite 75.9 48.1 14.3 77.8
detrovitrinite 2.3 21.8 141 6.0
total vitrinite 78.2 69.9 284 83.8

fusinite X X X 2.3
semifusinite X 0.7 X 1.8
macrinite X 0.3 X X
funginite X 0.9 0.5 X
secretinite X X X X
micrinite 7.3 X X 2.0
inertodetrinite 0.1 X 0.4 0.9
total inertinite 7.4 1.9 0.9 7.0
sporinite 6.3 2.3 29 3.8
cutinite 28 0.5 X 0.6
resinite 19 1.8 1.0 0.1
suberinite X 0.8 X X
alginite X 0.3 1.3 X
liptodetrinite X 7.8 58 X
other liptinite X 4.8 55.3 X
total liptinite 11.0 18.3 66.3 45

p.c. mineral 3.4 9.9 4.4 4.7

calc. mineral 2.5 5.9 2.1 3.6

36.8 42.4 219 70.8 59.5
41.2 215 46.9 9.3 8.3
78.0 63.9 68.8 80.1 67.8
3.9 26 4.6 22 5.0
11.0 6.3 16.0 34 11.5
X X X X 0.3
0.2 X X X X
X 0.1 X X X
0.6 10.7 1.3 1.0 6.1
2.8 23 6.2 0.3 1.1
18.5 22.0 281 6.9 24.0
0.3 6.6 0.2 3.8 5.0
0.4 0.6 0.2 0.1 04
1.3 0.4 0.3 0.3 0.3
X X X X X
X X X X X
0.1 X 0.1 X X
X X X X X
21 7.6 0.8 4.2 5.7
1.4 6.5 2.3 8.8 25
0.6 3.2 1.2 8.6 2.4

X = not present or present in amounts <0.1 vol.%; p.c. = point count; calc. = calculated (ASTM, 2007).

Table 2. Petrographic data on volume percent whole coal basis.

total liptinite content in this sample is much lower
at 18.3 vol.%, including 4.8 vol.% bituminite
groundmass. Suberinite also is present in small
quantities in this sample (fig. 2H-I). The humic
coal samples contain 0.8-11.0 vol.% liptinite
generally dominated by sporinite. In particular,
the Cedar Grove and Black Warrior basin coals
contain megaspores with bulbous ornamental
appendages (fig. 2J-L). Where detached, these
would be indistinguishable from ovoid resinite
blebs.

Several of the samples included in this study
(ST-94-2,20010803B2, and 20011006A3)
previously were analyzed for petrographic
composition by other laboratories. To exclude the
potential for interlaboratory variation, these
samples were reanalyzed for this study at the
same time as the new samples. For these three
samples, a comparison with the earlier results is
presented in Table 3. Relatively good agreement
is indicated between laboratories for the three
maceral groups and mineral matter.
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Volume®% Whole Coal

Sample ID  Source %Vit _%lInert %Lip %Min*

2001080382 Mastalerz and others (2004) 826 1.2 14.0 22
This study 782 74 1.0 34

S5T-94-2 Warwick and Hook (1995) 74.0 tr 26.0 n.r.
This study 69.9 1.9 183 99

20011006A3 Mastalerz and others (2004) 91.0 4.4 4.4 0.2
This study 83.8 7.0 4.5 4.7
*determined from mineral-inclusive point count.

Table 3. Comparison of data from previous petrographic analyses
with this study.
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