
7 

  36TH ANNUAL MEETING OF THE 
  SOCIETY FOR ORGANIC PETROLOGY 

   Sunrise at the Sample Gates, Indiana University Bloomington (photo by Agnieszka Drobniak) 

 PROGRAM AND ABSTRACTS 



2 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ISSN 1060-7250 



3 

CONTENTS 

ORGANIZING COMMITTEE ..................................................................................................................... 4 

SPONSORS .............................................................................................................................................. 5 

TSOP 2019 CONFERENCE SCHEDULE ................................................................................................. 7 

TSOP 2019 CONFERENCE DETAILED PROGRAM ................................................................................ 8 

INDIANA MEMORIAL UNION MAP – LOBBY LEVEL............................................................................. 13 

INDIANA MEMORIAL UNION MAP – MAIN LEVEL. … .......................................................................... 14 

INDIANA MEMORIAL UNION MAP – FIRST FLOOR ............................................................................. 15 

INDIANA MEMORIAL UNION MAP – SECOND FLOOR ........................................................................ 16 

DEPARTURE LOCATION MAP OF PRE- AND POST-CONFERENCE FIELD TRIPS  AND 
THE FREE GUIDED TOUR OF THE INDIANA UNIVERSITY CAMPUS ................................................ 17 

SHORT COURSE LOCATION MAP ....................................................................................................... 18 

FOOD COURTS AND RESTAURANTS  AT THE INDIANA MEMORIAL UNION ................................... 19 

ABSTRACTS FOR ORAL PRESENTATIONS  (Alphabetical order by the first author) ..........................21 

ABSTRACTS FOR POSTER PRESENTATIONS  (Alphabetical order by the first author) ...................... 51 
INDEX OF AUTHORS ............................................................................................................................. 79 



4 
 

 
 

            
 

 
 
 
 

ORGANIZING COMMITTEE 
Maria Mastalerz 

Agnieszka Drobniak 
Arndt Schimmelmann 

Indiana University Conference Services 
 
 
 
 
 

TSOP COUNCIL 2018-2019 
PRESIDENT: Thomas Gentzis 

VICE PRESIDENT: Paul Hackley 
SECRETARY: Jingle Ruppert 

TREASURER: Agnieszka Drobniak 
EDITOR: Rachel Walker  

COUNCILOR: Omid Adarkani 
COUNCILOR: Lei Zhao 

 
 
 
 
 

Book of abstracts compilation by Agnieszka Drobniak and Maria Mastalerz 
 



 
 

5 
 

            SPONSORS 
 

               Thank you to our generous sponsors! 

 
 

 
 

 

Indiana University was founded on January 20, 1820, making it one of the oldest public universities 
in the nation. To celebrate its Bicentennial, IU has developed a multi-year, multi-campus program 
that will recognize and chronicle IU history, showcase the university’s significant contributions to the 
world, and set a course for the next century. For more information about the Bicentennial program, 
please visit https://200.iu.edu.  
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TSOP 2019 CONFERENCE SCHEDULE  
 

See maps on pages 13-16 for room locations 
 

 SATURDAY 
September 7 

SUNDAY 
September 8 

MONDAY 
September 9 

TUESDAY 
September 10 

WEDNESDAY 
September 11 

8:00 – 8:30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pre- 
conference  

field trip 

 Registration (Coffee and light breakfast)  
IMU Dogwood Room (M045) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post- 
conference 

field trip 

8:30 – 9:00  
 

Short 
course 

 
Department 

of Earth 
and Atmos-

pheric 
Studies 
1001 E. 

10th Street, 
Room 210 

Welcome Technical sessions 
IMU Dogwood Room 

(M045) 
In Memoriam 9:00 – 9:30 

Free 
guided 
tour of 

IU  
campus  

Technical sessions 
IMU Dogwood Room 

(M045) 

9:30 – 10:00 

10:00 – 10:30 Coffee break 

Technical sessions 
IMU Dogwood Room 

(M045) 

10:30 – 11:00 Coffee break 

Technical sessions 
IMU Dogwood Room  

(M045) 

11:00 – 11:30  

11:30 – 12:00  

12:00 – 12:30 
Lunch break TSOP general meeting 

and business lunch 
IMU Georgian Room 

(161) 

Group photo  
and lunch break 

(lunch not provided) 
12:30 – 13:00 

13:00 – 13:30 
 

Short course 
 

Department of Earth 
and Atmospheric  

Studies 
1001 E. 10th Street, 

Room 210 

13:30 – 14:00 
Technical sessions 
IMU Dogwood Room 

(M045) 
14:00 – 14:30 

Technical sessions 
IMU Dogwood Room  

(M045) 
14:30 – 15:00 

15:00 – 15:30 Coffee break 

Technical sessions 
IMU Dogwood Room 

(M045) 

15:30 – 16:00 Coffee break 

Technical sessions 
IMU Dogwood Room  

(M045) 
16:00 – 16:30  

16:30 – 17:00  Closing ceremony 
17:00 – 17:30 Icebreaker &  

Registration 
IMU Federal Room 

 

Poster session  
IMU Frangipani Room 

(M051) 

 

17:30 – 18:00  
18:00 – 18:30  (269)  

 
 
 

18:30 – 19:00  TSOP Council  
Meeting 

IMU Charter Room  
(M009) 

Student event 
Nick’s English Hut 

 
 

Conference dinner 
IMU Tudor Room 

(169) 

19:00 – 19:30  

19:30 – 20:00   

20:00 – 20:30    
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TSOP 2019 CONFERENCE DETAILED PROGRAM 
 
 

SATURDAY, September 7 

7:45 – 18:30 

Pre-conference fieldtrip  
The field trip will be led by Todd Thompson, Indiana State Geologist and the Director of the Indiana 
Geological and Water Survey 
 
Departing from Indiana Memorial Union Circle Drive (entrance to the Biddle Hotel)  
Please note that breakfast will not be provided, see page 17 for departure location map 

 
 

SUNDAY, September 8 

8:30 – 16:00 

Short course 
"Organic petrography and biomarker and isotope geochemistry of unconventional systems"  
Simon Brassell, Maria Mastalerz, Peter Sauer, and Arndt Schimmelmann 
 
Department of Earth and Atmospheric Studies (DEAS) 
1001 E. 10th Street, Room 210 
Please see page 18 for short course location map 

17:00 – 18:30 
Registration 
Indiana Memorial Union, entrance to the Federal Room (269) 
Please see page 16 for map 

17:00 – 18:30 
Icebreaker  
Indiana Memorial Union, Federal Room (269) 
Please see page 16 for map 

18:00 – 20:00 
TSOP Council Meeting 
Indiana Memorial Union, Charter Room (M009) 
Please see page 14 for map 

 
 

SUNDAY, September 8 

9:00 – 11:00 

Free guided tour of the Indiana University campus 
This tour will be led by Polly Sturgeon, Indiana Geological and Water Survey Education Outreach 
Coordinator 
 
Departing from Indiana Memorial Union Circle Drive (entrance to the Biddle Hotel) 
Please see page 17 for departure location map 
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TSOP 2019 CONFERENCE DETAILED PROGRAM 
MONDAY, September 9 

 

8:00 – 8:30 Registration (coffee and light breakfast provided) 
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

8:30 – 8:45 
Welcome by Maria Mastalerz (Conference Chair), Thomas Gentzis (TSOP President) and Todd 
Thompson (Indiana State Geologist and Director of the Indiana Geological and Water Survey) 
Indiana Memorial Union Dogwood Room (M045) 

8:45 – 9:15 In memoriam: Colin Ward, John C. Crelling and Chen-Lin Chou 
Joan Esterle, Sue Rimmer, and Leslie F. Ruppert 

 
 

MONDAY MORNING TECHNICAL SESSION 
SPECIAL APPLICATIONS OF ORGANIC MATTER ANALYSIS  
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

9:15 – 9:40 Cellular preservation and maceral development in wood from the Miocene Brassington Formation, UK 
Jen O’Keefe, Matthew Pound, James Riding 

9:40 – 10:05 Fluorescence spectroscopy of sedimentary organic matter via Confocal Laser Scanning Microscopy 
Paul C. Hackley, Aaron M. Jubb, and Robert C. Burruss 

10:05 – 10:30 Qualitative and quantitative identification of solid impurities using optical microscopy in  
biomass-derived renewable fuels (pellets) - Iwona Jelonek and Zbigniew Jelonek 

10:30 – 10:40 Coffee break 

10:40 – 11:05 Thermal maturation & uplift in the Moatize Basin, Mozambique 
Joan Esterle, Sandra Rodrigues, Valerie Ward, and Mojtaba Rajabi 

11:05 – 11:30 
student presentation 

A Tale of two basins: The mineralogic and temperature dependent diffusion of noble gases in Marcellus and 
Permian Shales - W.K. Eymold, B.A. Lary, J.A. Harrington, C.J. Whyte, J. Moortgat and T.H. Darrah 

11:30 – 11:55 Organic matter nano-scale chemical heterogeneity in the Bakken Shale 
Arash Abarghani, Mehdi Ostadhassan, and Thomas Gentzis 

12:00 – 14:00 TSOP general meeting and business lunch  
Indiana Memorial Union Georgian Room (Room 161 - map on page 15) 
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TSOP 2019 CONFERENCE DETAILED PROGRAM 
MONDAY, September 9 

MONDAY AFTERNOON TECHNICAL SESSION 
COAL AND COALBED METHANE 
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

14:00 – 14:25 Characterization of stoker ash from the combustion of high-lanthanide coal at a Kentucky bourbon  
distillery - James C. Hower, Elizabeth Cantando, Cortland F. Eble, and Gregory C. Copley 

14:25 – 14:50 
student presentation

Influence of coal properties and depositional environment on dynamic failure potential in American  
coal seams - Heather Lawson 

14:50 – 15:15 
student presentation

 Petrographic characteristic of lab-scale char/coke derived from eight different coal rank coals 
  Xin Guo, Yuegang Tang, Cortland F. Eble, Yafeng Wang and Peiyang Li 

15:15 – 15:40 Effect of sub-nanopore on gas adsorption capacity and diffusion efficiency in coal 
Dangyu Song, Runsheng Lv, Yunbo Li, and Xiaofeng Ji 

15:40 – 15:50 Coffee break 

15:50 – 16:15 
student presentation

Measurements of the leachability of potentially hazardous trace elements from coal gasification residues in 
China - Yafeng Wang, Yuegang Tang, Ruiqing Li, Xin Guo, John P. Hurley, and Robert B. Finkelman 

16:15 – 16:40 
The cleaning potential evaluation of coal resources: A case study from three general explora-
tion areas, Shanxi province, China - Yuegang Tang, Xiaoshuai Wang, Harold H. Schobert, Cortland 
F. Eble, Chengwei Yang, Yufei Su, Kai Ye, Qingshun Cao, and Guohua Liu

Ultra-micropores formation and evolution characteristics of tectonically deformed coal in Huaibei coalfield, 
China - Yunbo Li, Dangyu Song, and Shunli Fan 

17:05 – 18:30 Poster session 
Indiana Memorial Union Frangipani Room (M051) – map on page 14 

18:30 – 20:30 

TSOP sponsored Student Event  
If you are a student registered for the TSOP conference please meet up at the entrance to the 
Frangipani Room (M051) at the end of the poster session.  

Please note: Minimum legal drinking age in USA is 21. Remember to bring a photo ID document with 
your date of birth! You will have to show it upon entering the event venue. 

16:40 – 17:05 
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TSOP 2019 CONFERENCE DETAILED PROGRAM 
TUESDAY, September 10 

 

8:00 – 8:30 Registration (coffee and light breakfast provided) 
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

 
 

TUESDAY MORNING TECHNICAL SESSION  
EVALUATION OF OIL AND GAS SHALES 
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

8:30 – 8:55 
Does mineralogy effect CO2 behavior in micropores from producing intervals of the Marcellus 
Shale? Results from neutron scattering - Leslie F. Ruppert, Aaron M. Jub, Thomas F. Headen,  
Tristan G.A. Young, and Bryan Bandli   

8:55 – 9:20 
student presentation 

Lower Black Shale of Sappington Formation as indicated by palynology and petrography 
Marcelina Kondas, Iwona Jelonek, Paweł Filipiak and Zbigniew Jelonek 

9:20 – 9:45 
student presentation 

Organic matter in the Upper Devonian New Albany Shale of the Illinois Basin:  
From basin scale to nanometer scale - Bei Liu, Maria Mastalerz, and Juergen Schieber  

9:45 – 10:10 
student presentation 

Noble gas insights on stable isotope reversals in natural gases  
Colin Whyte and Thomas Darrah 

10:10 – 10:20 Coffee break 

10:20 – 10:45 Petroleum retention, migration, and expulsion in the Triassic Chang 7 Member in the Ordos Basin in China 
Yanyan Chen, Senhu Lin, Bin Bai, and Shizhen Tao 

10:45 – 11:10 
student presentation 

Organic Petrology and Geochemistry of the Devonian-Mississippian Bakken Formation., Williston Basin 
(ND) - Zain Abdi, Susan M. Rimmer, and Harry Rowe  

11:10 – 11:35 Resource potential of organic-rich rocks in the oil window: An example from the Barnett Shale in Central 
Texas - Thomas Gentzis 

11:35 – 12:00 Origin and accumulation history of Paleozoic gas in Ordos Basin, China  
Dan Liu and Jian Li  

12:00 – 13:30 TSOP group photo and lunch break 
Please note: lunch is not provided, see page 19 for lunch options at the Indiana Memorial Union 
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TSOP 2019 CONFERENCE DETAILED PROGRAM 
TUESDAY, September 10 

 

TUESDAY AFTERNOON TECHNICAL SESSION  
EVALUATION OF OIL AND GAS SHALES 
Indiana Memorial Union Dogwood Room (M045 – map on page 14) 

13:30 – 13:55 
student presentation 

Abiogenic methanogenesis in the Devonian New Albany Shale associated with geocatalysis: Evidence from 
biomarker transformations and isotopic variations - Kelsey E. Doiron, Simon C. Brassell, Arndt Schimmelmann, 
Peter E. Sauer, Agnieszka Drobniak2, and Maria Mastalerz 

13:55 – 14:20 Organic Petrology of the Utica Shale 
Cortland Eble and John Hickman 

14:20 – 14:45 Correlative microscopy study of porosity development in a New Albany Shale thermal maturity sequence: 
Hydrous pyrolysis residues vs. natural maturation - Brett J. Valentine, Paul C. Hackley, and Javin J. Hatcherian 

14:45 – 15:10 
Full sulfur characterization using a customized Rock-Eval pyrolyzer: Comparison with NMR and 
XRS spectroscopies - Seyedalireza Khatibi, Mehdi Ostadhassan, Humberto Carvajal-Ortiz, Thomas 
Gentzis, and Mohammadreza Shokouhimehr 

15:10 – 15:20 Coffee break 

15:20 – 15:45 Modeling trace metal release from Marcellus Shale drill cuttings exposed to atmospheric conditions 
Michael J. Hannon, Jr., Mengling Stuckman, Christina Lopano and J. Alexandra Hakala 

15:45 – 16:10 
student presentation 

Thermal History of the Weald Basin, England 
Tanya Beattie, John Marshall, and Ian Harding 

16:10 – 16:35 Paleozoic source rocks and thermal history of the Denver Basin, USA 
Steven A. Tedesco 

16:35 – 17:00 Closing Ceremony 

18:30 – 20:30 Conference dinner 
Indiana Memorial Union Tudor Room (Room 169 - map on page 15) 

 

 
 

WEDNESDAY, September 11  

7:45 – 19:30 

Post-conference fieldtrip 
The field trip will be led by Cortland Eble and Steve Greb from the Kentucky Geological Survey 
 
Departing from Indiana Memorial Union Circle Drive (entrance to the Biddle Hotel) 
Please note that breakfast will not be provided, see page 17 for departure location map 
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INDIANA MEMORIAL UNION MAP – LOBBY LEVEL  
 

1 
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INDIANA MEMORIAL UNION MAP – MAIN LEVEL 
 

2 
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INDIANA MEMORIAL UNION MAP – FIRST FLOOR 
 

                   3 
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INDIANA MEMORIAL UNION MAP – SECOND FLOOR  
 

4 
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 DEPARTURE LOCATION MAP OF PRE- AND POST-CONFERENCE FIELD TRIPS  
AND THE FREE GUIDED TOUR OF THE INDIANA UNIVERSITY CAMPUS 

Indiana Memorial Union Circle Drive (entrance to the Biddle Hotel) 

 

5 
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SHORT COURSE LOCATION MAP 
 Department of Earth and Atmospheric Studies 

1001 E. 10th Street, Room 210 
 

6 
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FOOD COURTS AND RESTAURANTS 
AT THE INDIANA MEMORIAL UNION 

  LOBBY LEVEL (see map on page 13) 

CIRCLE CAFÉ (coffee, bagels and sandwiches) Monday–Friday 7:00–14:00 
Saturday & Sunday closed 

DUNN MEADOW CAFÉ (sandwiches, wraps, paninis, pizzas) Under construction 

  MAIN LEVEL (see map on page 14) 

CHOCOLATE MOOSE  
(ice-creams and frozen yogurt) 

Monday–Saturday 12:00–21:00 
 Sunday 12:00–17:00 

CRIMSON GRILL 
(burgers and sandwiches made with the best local ingredients) 

Monday–Thursday 11:00–19:00 
Friday 11:00–17:30 & 21:00-24:00 

Saturday & Sunday closed 

SUGAR AND SPICE  
(cookies, cakes and coffee) 

Monday–Friday 8:00–17:30 
Saturday and Sunday 8:00–14:00 

THE GLOB  
(foods from Bloomington’s local restaurants) 

Monday–Friday 11:00–14:30 
Saturday & Sunday closed 

DUNN MEADOW CAFÉ (sandwiches, wraps, paninis, pizzas) Under construction 

UNION MARKET (gift and necessity items, prepackaged foods) Daily 7:00–22:00 

FO
OD

 C
OU

RT
 

HOOSIER HOMESTYLE  
(breakfast and lunch classics) 

Monday–Friday 7:00–10:30 & 11:00-14:00 
 Saturday & Sunday 7:00–11:00 

GREEN LEAF  
(fresh salads and wraps) 

Monday–Thursday 11:00–19:00 
Friday-Sunday 11:00–15:00 

B-TOWN PIZZA
(pizza by the slice, made on site from local ingredients) Daily 11:00–22:00 

SAKURA SUSHI & HOT BOWL  
(sushi and rice and noodle bowls) 

Monday–Friday 11:00–19:00 
 Saturday & Sunday 11:00–14:00 

  FIRST FLOOR (see map on page 15) 

TUDOR ROOM (dine-in restaurant offering lunch buffet) Monday–Friday 11:30–13:30 
Saturday–closed & Sunday 10:30–13:30 

STARBUCKS (cookies, cakes, coffee, and tea) Monday–Thursday 7:30–23:00 
Friday–Sunday 7:30–18:00 



ABSTRACTS FOR ORAL PRESENTATIONS 
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Organic matter nano-scale chemical heterogeneity in the Bakken Shale 

Arash Abarghani1, Mehdi Ostadhassan1, and Thomas Gentzis2 

1Dept. of Petroleum Engineering, University of North Dakota, Grand Forks, ND 58202, USA 
2Core Laboratories, Reservoir Geology Group, 6316 Windfern Road, Houston, TX 77040, USA 

The in-situ conversion of liptinite macerals to solid bitumen during thermal maturation is a well-
known process. During this process, the ratios of hydrogen and oxygen to carbon (or HI and OI) 
decrease at different rates, resulting in an increase in OM aromaticity and molecular chemo-mechan-
ical homogeneity. Although there have been extensive efforts to reveal the molecular alteration of 
OM during conversion, in-situ and continuous observation of such alterations on naturally occurring 
samples is missing. In-situ bituminization of liptinite macerals allows the examination of the contin-
uous transformation in OM molecular structure at the micron-scale level. Atomic Force Microscopy 
(AFM) based Infra-Red (IR) spectroscopy has been applied at the transition zone between parent 
maceral and the produced secondary maceral where fluorescence emission faded gradually from the 
liptinite maceral toward the solid bitumen. Moreover, AFM has been employed to reveal and relate 
changes in mechanical properties at a similar scale of measurement.  

For this study, Bakken Shale samples were selected from two different natural thermal maturity lev-
els: early mature and peak mature based on bulk geochemical screening, organic petrology, fluores-
cence emission of the liptinite group macerals, and solid bitumen reflectance. Dispersed organic mat-
ter in the samples was also examined by AFM-IR spectroscopy to evaluate organic matter heteroge-
neity at the nanoscale based on chemical variations. A significant chemical heterogeneity was ob-
served within unaltered telalginite and bacterially degraded Tasmanites, and also between two sepa-
rate solid bitumen particles that were next to one another and at the same stage of maturity. Thermal 
maturity progression was found to reduce nano chemical heterogeneity in the organic matter. Under-
standing these chemical and mechanical alterations is important to interpret shale reservoir properties 
and better explain hydrocarbon generation, expulsion, and migration processes at the microscale. 

Corresponding author: Arash Abarghani; arash.abarghani@und.edu, 
        Mehdi Ostadhassan; mehdi.ostadhassan@und.edu; +1 (701) 777-3754 

Presenting author: Thomas Gentzis 
Is presenting author a student? No 
Keywords: Bakken Shale, organic petrology, chemo-mechanical, AFM-based NanoIR, heterogeneity. 
Presentation format: oral  

mailto:arash.abarghani@und.edu
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Organic petrology and geochemistry of the Devonian-Mississippian  

Bakken Formation, Williston Basin (ND) 
 

Zain Abdi1, Susan M. Rimmer1, and Harry Rowe2 
 

1Southern Illinois University Carbondale, 1259 Lincoln Dr., Carbondale, IL 62901, USA 
2Premier Oilfield Laboratories, 11335 Clay Rd., Houston, TX 77041, USA 

 
 
The Devonian-Mississippian black shales of the Bakken Formation are of interest as a hydrocarbon source 
due to their high (often >5%) total organic carbon (TOC) content. The Bakken Fm. is located in North Dakota, 
Montana, Saskatchewan, and Manitoba with the Nesson anticline, situated in northwest ND, representing the 
depocenter. The three-membered Bakken Fm. has a maximum thickness of 49 m at the depocenter and grad-
ually thins towards the margins. The Upper and Lower Members of the Bakken Fm., the primary focus of this 
study, are shallow marine (100-150 m) sequences consisting of Type II kerogen. For this project, 11 drill cores 
from North Dakota were chosen to represent a N-S transect of the Bakken Fm., closely following the depo-
center of the basin along the Nesson anticline, as well as an E-W transect to cut across the Nesson anticline. 
Samples were selected for petrographic analysis based on trace metal concentrations, TOC, and down-core 
spacing. 

 
Redox sensitive trace metal concentrations, collected using a handheld XRF, range significantly for V (200 – 
2,300 ppm) and Zn (30 – 7,000 ppm), whereas less variance is seen for Mo (50 – 700 ppm), Ni (50 – 600 
ppm), and Cu (20 – 500 ppm). TOC ranges from <1% - 20% in the Upper and Lower Members. Rock-Eval 
6 was used to measure and calculate the hydrogen index (HI; avg. 156 mg HC/gTOC), oxygen index (OI; avg. 
13 mg CO2/gTOC), S1 peak (avg. 8.86 mg HC/g), S2 peak (avg. 16.14 mg HC/g), and %Ro (0.70-1.03%; 
calculated from Tmax). Organic matter in the Bakken Fm. black shales consists of amorphous organic matter 
(bituminite) with trace amounts of Tasmanites. Solid bitumen (SB a secondary maceral) occurs as homoge-
nous or granular bodies that may be dispersed or wispy with occasional pyrite inclusions. Inertinite is rare and 
neither vitrinite nor liptinite is observed during petrographic analysis.  

 
Early research on the Bakken Fm. reported lower than expected vitrinite reflectance values and suggested 
vitrinite suppression was involved. The overall lack of vitrinite and presence of solid bitumen in these shales 
suggests that these early attempts likely reported solid bitumen rather than vitrinite reflectance. More recent 
attempts to assess the thermal maturity of the Bakken Fm. black shales have measured and converted solid 
bitumen reflectance (SBRo) to vitrinite reflectance equivalent (VRE). However, samples selected for SBRo by 
some previous workers have included heterogenous and granular samples, which may introduce error in the 
measurements. As such, reported reflectance values are most likely lower than they would be if smooth, ho-
mogenous solid bitumen with no inclusions were measured. For this project, smooth and homogenous SB was 
measured in an attempt to produce consistent and reliable VRE values to assess the thermal maturity gradient 
from the Bakken Fm. basin margins to the depocenter.  
  
 
 
Corresponding author: Zain Abdi; zain.abdi@siu.edu; +1 (682) 560-1716  
Presenting author: Zain Abdi 
Is presenting author a student? Yes 
Keywords: Organic petrology, geochemistry, solid bitumen, vitrinite reflectance equivalence,  
                  Bakken Formation  
Presentation format: oral 
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Thermal History of the Weald Basin, England 

 
Tanya Beattie, John Marshall, and Ian Harding 

 
School of Ocean and Earth Science, University of Southampton, SO14 3ZH, United Kingdom  

 

 
The Weald Basin is one of three hydrocarbon exploration targets on the United Kingdom’s onshore 
sector. Exploration has been active since 1895 with several oil and gas fields discovered throughout 
the 20th century and as recently as 2014 with the Horse Hill 1 Kimmeridge oil discovery. With recent 
discoveries opening up new play concepts, there remains potential within this basin for future dis-
coveries. However, a greater understanding of the basin’s geological development and petroleum 
system is essential to improve exploration efficiency. This project aims to fill this gap in current 
knowledge by constructing a reliable thermal history data set of vitrinite reflectance data which will 
be used to build well-grounded burial models to further enhance our understanding of the petroleum 
system and geological development of southern England. 

Sample material was collected from the British Geological Survey core store in the form of cuttings 
material from five wells selected for their stratigraphic range, sample quality and availability. The 
acid-resistant organic component of each sample was isolated and polished thin sections were pre-
pared for reflectance analysis studies. Using a Zeiss UMSP50 microspectrophotometer up to 90 vit-
rinite particles are measured per sample, and where possible liptinite reflectance is also measured.  

The vitrinite reflectance study has revealed a dog-leg in the down-hole thermal gradients, with Pal-
aeozoic sediments reaching peak thermal maturity prior to burial under Mesozoic overburden. Burial 
models have been constructed using Genesis® software and constrained using the measured VRo% 
data. The burial models for the basin reveal oil generation from Jurassic source rocks in the Late 
Cretaceous and Early Cenozoic. Only minor gas generation can be modelled from these known Ju-
rassic source rocks; however, the Weald Basin hosts several gas fields. It is therefore improbable that 
the gas was sourced from a Mesozoic source rock, and it is more likely that there is a Palaeozoic 
source rock which has not yet been identified with drilling. 
 
Thermal maturity across the basin is highly localized and any future exploration for both conventional 
and unconventional resources will have to consider the complex nature of the Weald petroleum sys-
tem. 
 
 
 
 
 
 
 
Corresponding author: Tanya Beattie; T.S.C.H.Beattie@soton.ac.uk 
Presenting author: Tanya Beattie 
Is presenting author a student? Yes 
Keywords: Weald Basin, thermal maturity, burial modelling, vitrinite reflectance 
Presentation format: oral 
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Petroleum retention, migration, and expulsion in the Triassic  

Chang 7 Member in the Ordos Basin in China 
 

Yanyan Chen, Senhu Lin, Bin Bai, and Shizhen Tao 
 

Research Institute of Petroleum Exploration and Development, PetroChina, China 
 

 

The Ordos Basin is one of the most petroliferous basins in China, and the organic-rich mudstone of 
the Chang 7 Member of Upper Triassic Yanchang Formation ranks one of the best source rocks in 
the basin. However, our understanding of the effects of petroleum retention within and expulsion 
from the Chang 7 Member, issues particularly vital for shale oil exploration and development, is still 
limited. In this study, we aim to (i) investigate the amount and nature of retained hydrocarbons across 
the whole Chang 7 Member; (ii) reveal the main controls on hydrocarbon retention; (iii) estimate 
expulsion efficiency by applying mass balance model, and (iv) identify target depth intervals at which 
shale oil is potentially producible.  

The effects of petroleum retention within and expulsion from six intervals within the Triassic Chang 
7 Member have been demonstrated by deciphering a large suite of petrologic, organic petrographic, 
and organic geochemical analyses on 106 shale samples. Properties of organic matter and lithological 
heterogeneities control the composition and the amount of retained petroleum. Enrichment of ali-
phatic hydrocarbons in the silty, organic-lean intervals in contrast to enrichment of aromatic fluids in 
the clayey, organic-rich units is probably caused by compositional fractionation that occurred during 
intrasource (primary) and/or short-distance secondary migration. This speculation was further sup-
ported by the negative expulsion efficiencies calculated using mass-balance models in the organic-
lean intervals, indicating that excess petroleum has migrated and accumulated therein.  

The most important implication of this study is that the hydrocarbons in the 1st and 4th intervals could 
constitute potential petroleum exploitation targets, given (i) improved oil quality (more aliphatic oil), 
(ii) lower sorption affinities, (iii) relatively high degree of brittleness. Despite their high contents of 
retained hydrocarbons, organic-rich 5th and 6th intervals are not best targets, mainly due to the high 
sorption affinities of organic matter structure thereby causing low oil mobility and producibility. 
 
 
 
 
 
 
 
 
 
 
Corresponding author: Yanyan Chen; yanychen@petrochina.com.cn; 0086-15210060086 
Presenting author: Yanyan Chen 
Is presenting author a student? No 
Keywords: Ordos Basin, shale oil, primary migration, expulsion efficiency 
Presentation format: oral 
 



ABSTRACTS FOR ORAL PRESENTATIONS 

26 
 

 
Abiogenic methanogenesis in the Devonian New Albany Shale associated with geocatalysis: 

Evidence from biomarker transformations and isotopic variations 
 

Kelsey E. Doiron1, Simon C. Brassell1, Arndt Schimmelmann1, Peter E. Sauer1,  
Agnieszka Drobniak2, and Maria Mastalerz2 

1Earth & Atmospheric Sciences, Indiana University., Bloomington, IN, USA 
 2Indiana Geological and Water Survey, Indiana Univ., Bloomington, IN, USA 

 
 

The conventional paradigm for petroleum generation invokes thermal cleavage of C-C bonds. How-
ever, conclusive evidence for in situ abiogenic methanogenesis in thermally immature shale se-
quences precludes involvement of catagenetic processes, prompting evaluation of the role of catalytic 
methanogenesis in formation of unconventional gas reserves. Our studies examine the molecular and 
isotopic composition of organic matter (OM) in the Devonian New Albany Shale (NAS) to determine 
the influence of geocatalysis on the transformation of sedimentary OM during diagenesis. One series 
of experiments utilizing a suite of ten NAS samples that encompass a broad maturity spectrum (vit-
rinite reflectance, Ro, from 0.39 to 1.42 %) focuses on the catalysis of diagenetic reactions by clay 
minerals (e.g., montmorillonite, illite). For the two least mature samples, several biomarker indices 
based on diasterenes, diasteranes, steranes, and hopanes all confirm the substantive influence of dia-
genetic reactions involving clay-catalyzed molecular transformations. The sample suite also reveals 
a progressive decrease in the chain-length of isorenieratane homologs with increasing maturity, which 
is consistent with the expected effects of heterogenous catalysis reactions on biomarker distributions. 
Compositional differences in biomarkers along the maturity transect provide baseline data for com-
parison with results from low-temperature laboratory simulations (60-100 °C) emulating natural con-
ditions for abiogenic methanogenesis in shales. Our aim is to assess how heating an immature sample 
(original Ro = 0.50 %) at either 80°C or 100 °C for over one year changes the composition and iso-
topes (δ13C, δ2H) of the gases generated (CO2, methane, ethane, and higher hydrocarbons), and also 
biomarker distributions. Differences between the characteristics of biomarker ratios, Ro, gas yields, 
and isotopic characteristics of the newly-generated fluids versus source materials provide evidence 
of the likely mechanisms and rates of geocatalytic reactions advancing understanding of the processes 
involved in shale gas generation. 
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Organic petrology of the Utica Shale 

 
Cortland Eble and John Hickman 

Kentucky Geological Survey, 228 MMRB University of Kentucky, 504 Rose Street,  
Lexington, Kentucky 40506-0107 USA 

 
Samples of the Utica shale from Kentucky, Ohio and Pennsylvania were collected from exploration wells and 
tested for total organic carbon content (TOC). The samples were also examined petrographically in reflected 
light to obtain maceral and bitumen reflectance (BRo) data. TOC varied from <1 to more than 7 wt. %, with 
elevated (>2.0 %) total organic carbon (TOC) contents typically having the most abundant bitumen. Graptolite 
fragments were also commonly observed.  

Alginite and amorphous organic matter (AOM) are the dominant (>75 vol. %, mineral matter free) organic 
component of most of the samples. AOM appears as an organic coating on (mainly) clay grains, and is identi-
fied principally by fluorescence. In lower rank samples (BRo 0.6 to 0.8%), the alginite and AOM have a yellow 
fluorescence, changing to orange and red in higher rank samples (Ro 1.0-1.5%). It cannot be seen in very high 
rank samples (Ro >1.5%), as fluorescence becomes negligible, and finally disappears. Collectively, the ma-
jority of the organic matter in the Utica Shale is classified as Type I (marine sourced) kerogen.  

In Kentucky, the Utica Shale is thin to absent, with most of the interval being occupied by the Clays Ferry 
Formation. Two wells from central Kentucky with organic-rich intervals (non-economic) had BRo values of 
0.74 and 0.76 %. In central Ohio, BRo random reflectance measurements were similar, ranging from 0.66 % 
to 0.84 % (avg. 0.76 %) from samples with depths from 45.1 to 1412.3 m (avg. 864.1 m). Rock Eval Tmax 
values for the Utica Shale from the central Ohio area ranged from 431.1 to 441.1 C (avg. 435.9 C), indicating 
calculated reflectance values between 0.60 and 0.78 % (avg. 0.69 %). 

Samples from eastern Ohio are buried more deeply, ranging in depth from 2668.5 to 4649.7 m (avg. 3715.7 
m). In this area, BRo measurements average 1.17 %, with a range from 0.94 to 1.43 %. Rock Eval Tmax values 
for the Utica Shale from eastern Ohio ranged from 437.8 to 468.2 C (avg. 449.2 C), indicating calculated 
reflectance values between 0.78 and 1.27 % (avg. 0.93 %). 

In western Pennsylvania, a BRo value of 1.08 % was recorded from Crawford County, which is the northwest-
ern-most county in Pennsylvania. However, much higher values (1.8 to 2.2 %) were obtained from areas to 
the south and southeast. In one area (Washington County, Pennsylvania), it was possible to compare vitrinite 
reflectance data from the Pittsburgh coal bed, which occurs at, or near the surface with vitrinite equivalent 
reflectance values (converted from BRo values) from the Marcellus Shale and the Utica Shale. The Pittsburgh 
coal has a VRo random of 0.8 %, while VRo equivalent values from the Marcellus and Utica Shales measured 
1.23 % at 1,900 m and 1.51 % at 3,300 m, respectively. These measurements indicate an approximate geother-
mal gradient of between 0.00020 and 0.00025 % Ro/m in the Washington County area. 

Collectively, bitumen reflectance and Rock Eval data indicate that petroleum liquids, and wet gas, are pre-
dicted to be the principle recoverable resource in central and eastern Ohio. In Pennsylvania, elevated levels of 
thermal maturity for most of the state indicate dry gas to be the dominant hydrocarbon resource. 
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Thermal maturation & uplift in the Moatize Basin, Mozambique 

 
Joan Esterle, Sandra Rodrigues, Valerie Ward, and Mojtaba Rajabi  

 
School of Earth and Environmental Sciences, 

The University of Queensland, St Lucia, QLD, Australia 
 
 
Vitrinite reflectance generally increases with depth as a function of increasing temperature during 
burial coalification.  However, fluctuations in heat flow over geological time, resulting from tectonic 
setting, subsidence and burial or subsequent hydrothermal overprinting can result in spatial variability 
across a basin.  Reflectance trends were mapped across the early Permian Moatize Formation from 
the Moatize Mine, Moatize Basin, Mozambique, using mean maximum telovitrinite reflectance 
(Rvmax) for key coal seam plies, and gradients of “Rvmax with depth” across all available seams 
within a borehole.  This is an extensional basin proximal to the east African Rift system and is com-
monly block faulted but strike slip overprinting. It is also heavily intruded in places by dykes and sills 
of Jurassic age. Routine exploration drilling data for 263 boreholes were analyzed in which multiple 
seams were intersected over 100 to 500 m depths. Measurements per borehole varied from 3 to 16 
samples, and had to be at least 20 m apart to ensure sensible regression calculations. Where Rvmax 
values greater than 2% were clear heat affected outliers, they were excluded. For each borehole trend, 
the slope and y-intercept were calculated. The y-intercept is the projected modern surface value for 
Rvmax and was used as an indicator for the relative amount of missing section or exhumation since 
coalification. The thickest coals and deepest coal bearing sections, occur to the southeast of the study 
area, where >500m of Moatize Formation are also overlain by Matinde Formation; to the northwest 
the preserved section is a few hundred meters. Median Rvmax values per borehole vary from 1.1% 
to 2.3%, increasing generally to the northwest, coincident with thinner section interpreted from uplift 
and peneplanation. Estimates of palaeo-geothermal gradients > 120° C/km were calculated for the 
Moatize boreholes, significantly higher than the 40° and 58° C/km calculated previously for the 
Moatize-Minjova basins in an area to the southeast of this study.  Present-day temperature gradients 
calculated from the Moatize Bottom Hole Temperature logs confirm high levels of current day heat 
flow, with an uncorrected average temperature gradient of 45° C/km, and a true temperature gradient 
accounting for thermal blanketing of thick coal seams, likely closer to 50-60°C/km.  These values are 
in line with ranges expected from tectonically active /rift systems. Although this range of high heat 
flows is commensurate with rift settings, there is much local variation reflecting the intrusive over-
printing as well as different amounts of uplift.  Previous uplift was calculated in the southern areas 
up to 4 km; however, if one uses the higher palaeo-geothermal gradient calculated in this data set, the 
depth of burial was much less. Understanding the relationship in the timing between burial, emplace-
ment timing and nature of the intrusives as well as mineralisation in the fractures and pores will 
contribute to this interpretation.    
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A Tale of two basins: The mineralogic and temperature dependent diffusion 
of noble gases in Marcellus and Permian Shales 

W.K. Eymold1, B.A. Lary1, J.A. Harrington2, C.J. Whyte1, J. Moortgat1, and T.H. Darrah1 

1School of Earth Sciences, The Ohio State University, 125 South Oval Mall Columbus, OH 43210, USA 
2Matador Resources Company, 5400 LBJ Fwy Ste 1500 Dallas, TX 75240, USA 

Accurate estimations of recoverable hydrocarbons from unconventional formations require a better 
understanding of fluid transport phenomena along natural fractures and induced pathways but pre-
dictions of fluids-in-place within tight shales are complicated by a lack of knowledge regarding the 
history of geologic fluid migration in the crust. To improve our understanding of paleo-fluid flow and 
enhance these predictions, we measure the temperature dependent release of noble gases (e.g., 4He, 
21Ne*, and 40Ar*) from shale samples collected from the Marcellus and Permian formations.  

By conducting step heating experiments on bulk shale samples as well as chemically separated min-
eral species, we calculate the diffusion coefficients for 4He and 21Ne from quartz and carbonate grains 
over a temperature range of 25-400ºC. In situ factors such as deformation structures (e.g., faults, 
fractures) and lithologic characteristics (e.g., porosity) will affect noble gas concentrations within the 
grain and allow us to utilize these techniques as a proxy for thermal and structural history of the 
sedimentary basin. Because the rate of crustal production of 4He and 21Ne* is fixed at a nearly con-
stant ratio (4He/21Ne* ~ 22x106), the divergence from this ratio of the measured values taken from 
shale material allows us to make inferences as to temperature and fracture network history of the 
formation.  

The noble gas signatures of rock samples from petroleum basins will allow us to better constrain the 
source, migration pathways, residence time, permeability, and porosity of deposited sediments at 
oil/gas relevant conditions. These noble gas analyses will further allow us to evaluate the similarities 
and differences between the Northern Appalachian Basin and the Permian Basin that result from their 
unique geologic and thermal conditions during deposition and burial. 
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Resource potential of organic-rich rocks in the oil window:  

An example from the Barnett Shale in Central Texas  
 

Thomas Gentzis 
Core Laboratories, 6316 Windfern Road, Houston, TX 77433, USA 

 
The focus area of this study is located in Stevens and Shackelford counties in central Texas and is considered to be a 
western extension of the Fort Worth Basin Barnett Shale play. Two major fields (the Curry and the Ibex) have jointly 
produced over 2 Tcf of gas in the last century. The play appears to be similar in many aspects to the Barnett Shale core 
area but in the focus area it has the potential to produce both oil and gas. It has a pay thickness of 100 to almost 250 feet 
and lies at an average depth of 4500 ft. The locals refer to the lower Barnett as the siliceous Chester Limestone and place 
it at the top of the Mississippian. Although the Barnett Shale is the primary target, there are an additional twelve histori-
cally productive reservoirs in the section, at depths ranging from 200 to 6000 ft. They include the following: Strawn 
Sandstone, Caddo, Bend Conglomerate, Duffer Limestone, and others. These reservoirs can add significant value to the 
high rates anticipated from the Barnett wells. Fields in the study area are predominantly stratigraphic traps, not structural. 
The vitrinite reflectance (VRo) of the Barnett Shale in the study area is 0.9-1.1%, which indicates that it is in the oil 
window. The most prolific interval is at the top of the lower Barnett section and is about 50 feet thick. The Barnett in the 
focus area has similar gamma ray and porosity log responses to the Barnett in the core area (e.g., in Wise Co.). Further-
more, it is normally pressured and highly siliceous and limey. It resembles the highly conductive streaks (45-55% quartz) 
of the lower Barnett in the core area. The absence of the Osage Formation to the SE and the absence of the Barnett in the 
NW define the boundaries of the ‘fairway’ where the silica-rich Barnett zone is present. Estimates of the gas and oil 
contained in the Chester Member of the lower Barnett are 4.5 Tcf-equivalent (1 barrel of oil=6000 scf of gas). Analysis 
indicates that the potential recoverable gas equivalent resource is about 756 Bcf-e (2/3 of that being oil) when wells are 
drilled on 160-acre spacing. Each vertical, fracture-stimulated well is estimated to produce 2.3 Bcf-e. The above resource 
estimates are based on three methods, namely @Risk Monte Carlo Simulations, volumetrically, and historical evalua-
tions/engineering forecasts. The heating value of the gas is expected to be 1150 Btu/cubic foot, although values up to 
1300 Btu have been recorded when the gas contains wet components (ethane, propane, and butane). Partially-verified 
historical documentation has shown that there were 140 Barnett Shale producing wells out of 143 wells drilled, which is 
a high rate of success.  
 

There have been multiple completions in the Barnett Shale within the focus area, with ultimate recoveries far in excess 
of 1.2 Bcf-e/well (200 MBO-thousand barrels of oil). However, only four of the wells had any fractures, which were 
minor. One of the wells produced 30 barrels of oil/d but only had a small-volume fracture (20,000 lbs of sand proppant). 
The remainder were only perforated and acidized. Thirteen vertical wells with an average pay thickness of 50 feet and an 
average porosity of 8.5% have produced an average of 47 MBO and 130 Mmcf (412 Mmcf-e) by perforating only 2-10 
feet of pay. Assuming: 1) a conservative pay thickness of 50 feet with an oil-in-place volume of 375 barrels per acre-foot 
(2.25 Mmcf-e); and 2) a recovery factor (RF) of 25%, then recoverable reserves from a vertical well are estimated to be 
187.5 MBO (1.125 Mmcf-e). The above volumes may be conservative since many vertical wells have already recovered 
500 MBO (3.0 Mmcf-e). It is estimated that recoverable reserves from a horizontal well would be on the order of 300 
MBO (1.8 Mmcf-e).  
 
A ‘fairway’ has been identified within the focus area. This fairway was based on the Chester Member having porosity of 
20% or greater. The petrophysical characteristics of the Chester in one such vertical well that produced 47 bo/d following 
a small-size frac will be presented.  
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Petrographic characteristic of lab-scale char/coke derived from eight different coal rank coals 

Xin Guo1, Yuegang Tang1, Cortland F. Eble2, Yafeng Wang1, and Peiyang Li1

1College of Geoscience and Surveying Engineering, China University of Mining and  
Technology (Beijing), Beijing 100083, China; 2Kentucky Geological Survey,  

228 Mining & Minerals Resources Building, University of Kentucky, Lexington, KY, USA 

Coal pyrolysis, which is a devolatilization process of coal at high temperature in an inert atmosphere, 
is the foundation of coal gasification and combustion. The product of devolatilization is referred to 
as char/coke. Eight coal samples, varying in rank from sub-bituminous A to anthracite, were collected 
from different coal basins in China and were pyrolyzed in laboratory, using a Leco 701 thermograv-
imetric analyzer. Samples were pyrolized at the following temperatures and times in an inert (nitro-
gen) environment: 500 ℃ for 30 min, 750 ℃ for 30 min, 950 ℃ for 30 min, and 950 ℃ for 2 hours. 
Petrographic analyses were performed on coal samples prior to pyrolysis and the char samples after 
pyrolysis to illustrate their characteristics. 

The eight coal samples are all Permian in age with vitrinite reflectance values (Ro maximum) ranging 
from 0.63 % to 3.36 %. Volatile matter contents (VM), determined according to ASTM D7582-12 
(950 ℃, 30 mins) decrease gradually with increasing coal rank. Petrographic analysis (vol %, whole-
coal basis) show the following: 1) the liptinite in the ZGE and TYY samples consist of more than 10 
% sporinite; 2) vitrinite contents range from 30.0 % to 64.6 % with one sample (SH, Ro max = 3.36 
%) containing abundant (55.0 %) collotelinite; 3) inertinite contents range from 31.7 % to 55.4 % 
with sample TL (Ro max = 1.71) containing 22.3% semifusinite and sample YQ (Ro max = 2.55 %) 
containing 23.1 % micrinite; 4) mineral matter in the coal samples, including clay, calcite quartz, 
kaolinite, and pyrite, ranges from 1.9 % to 11.6 %. 

Based on morphology, the residues derived from samples TYY, ML, XQ2+3, XQ7, and TL are coke, 
consisting of sponge-like carbon masses with pores and cell walls. Along with increasing temperature 
and holding time, the VM of all of the samples decreases gradually. Sample XQ7 (Ro max=1.44) 
released a little more VM than XQ2+3 (Ro max=1.41) at 950 ℃ for 2 hours despite being of similar 
rank. Petrographic analyses of residues show that thermoplastic vitrinite from bituminous coals is 
anisotropic with circular, lenticular and ribbon mosaic structures of different sizes. The mesophase 
domain size increases with coal rank, though there is no mesophase in samples from low volatile 
bituminous to semi-anthracite and anthracite rank. 
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Fluorescence spectroscopy of sedimentary organic matter via  

Confocal Laser Scanning Microscopy 
 

Paul C. Hackley, Aaron M. Jubb, and Robert C. Burruss 

 

U.S. Geological Survey, 12201 Sunrise Valley Dr, MS 956, Reston, VA 20192, USA 
 

Fluorescence spectroscopy was used to analyze sedimentary organic matter, including Tasmanites micro-
fossils in Devonian shale from the Appalachian Basin and Gloecapsomorpha prisca (G. prisca) in Ordo-
vician kukersite from the Williston Basin. We applied confocal laser scanning microscopy (CLSM) to 
examine fluorescence emission as a function of excitation laser wavelength and sample orientation. We 
also examined fluorescence emission characteristics as a function of location within individual organic 
entities and along compositional transects. This work seeks to inform petroleum processes research by 
clarifying and improving usage of organic fluorescence properties as thermal indices through: 1. charac-
terizing in situ changes in fluorescence emission occurring due to kerogen conversion to petroleum, and 
2. providing insight into the fluorescence properties of organic matter impacted by expulsion and primary 
migration of petroleum fluids. Spectral scans of the same field of view in Tasmanites with different laser 
lines showed progressive red-shift in emission maxima with longer excitation wavelengths. Emission 
maxima varied as a logarithmic function of excitation wavelength with moderate to high positive corre-
lation. These results indicate steady-state Tasmanites fluorescence emission is an overlapping combina-
tion of emission from multiple distinct fluorophore functions. Stokes shift decreased with increasing ex-
citation wavelength, further suggesting the presence of multiple fluorophore functions with different S1 
→ S0 transition energies. This observation also indicates that at longer excitation wavelengths, less ab-
sorbed light energy is dissipated via collisional transfer than at shorter excitation wavelengths. Confirming 
earlier results (Hackley & Kus, 2015, Fuel 143:343-350), emission spectra observed from high fluores-
cence intensity regions in individual Tasmanites are blue-shifted relative to emission from other locations 
in the same microfossil due to as-yet undetermined compositional and/or structural effects. Tasmanites 
occurring in consolidated sediments are flattened from original spherical morphology and, in optical mi-
croscopy, this burial deformation results in generally parallel extinction (strain-influenced) and positive 
elongation. The deformation induces fluorescence anisotropy observed as variations in emission wave-
length when samples are measured parallel to bedding, whereas this effect is absent in bedding-normal 
view. Evaluation of fluorescence emission on compositional transects from G. Prisca-rich source layers 
into adjacent reservoir layers indicates a decrease in fluorescence intensity and spectral red-shift (decrease 
in λmax/500, increase in full-width half-maximum with increasing red portion of the half-width). These 
results suggest a decrease in the abundance and distribution of fluorophores within organic matter across 
the source-to-reservoir transition zone, consistent with an increase in aromaticity following petroleum 
expulsion and migration. These observations are supported by increasing Ro values measured across sim-
ilar micro-scale transects. Our results highlight the applicability of CLSM as a broad and under-utilized 
approach for the characterization of sedimentary organic matter and are discussed with perspective toward 
its application to petroleum processes and thermal indices research. 
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Modeling trace metal release from Marcellus Shale drill cuttings 
exposed to atmospheric conditions 

Michael J. Hannon, Jr.1, Mengling Stuckman2,3, Christina Lopano2, and J. Alexandra Hakala2

1Indiana Geological and Water Survey, 420 N. Walnut St., Bloomington, IN 47405, USA 
2The National Energy Technology Laboratory, 626 Cochrans Mill Road, Pittsburgh, PA, USA 

3Leidos Research Support Team, 626 Cochrans Mill Road, Pittsburgh, PA, USA 

Black shales contain un-oxidized organic matter resulting from a reduced, low oxygen depositional 
environment.  The anoxic conditions under which black shales, such as the Marcellus Shale, tend to 
form and accumulate reduced iron phases like pyrite enriched with trace metals.  The organic-rich 
horizons in which these metals reside have now become targets for unconventional oil and gas ex-
traction, and directional drilling coupled with hydraulic fracturing has facilitated accessing their pre-
viously unreachable mineral surfaces.  Horizontal wells now stretch more than 10,000 feet into the 
Marcellus Formation, which, in some cases, can produce more than 400 tons of fine-grained reduced 
shale debris per well.  The drill cuttings are brought to the surface and disposed of in various set-
tings—most often landfills, but pits and road fill are also possibilities. Here these materials are ex-
posed to acidic atmospheric conditions, most notably rain (generally on the order of pH 4) and landfill 
leachate, which are capable of reacting with and desorbing trace metals from their mineral surfaces.  
Under such conditions, many of the previously entrapped constituents in the shale minerals may mo-
bilize.  

In a previous study, multiple extraction procedures following USEPA method 1320 were performed 
on drill cuttings retrieved from the Marcellus Shale Energy and Environmental Laboratory to quantify 
leachate-constituent release from long-term exposure to acidic aqueous solutions. Preliminary results 
showed long-term release concern of Ba in all samples and of As, Ni and Sb in samples having high 
pyrite and low calcite content. In the present study, TOUGHREACT simulations modeling these ex-
periments are employed along with the iTOUGH2 model-inversion framework to understand the 
principal release mechanisms of these constituents and their maximum release potential during long-
term atmospheric exposure.  We model each experimental vial as a single volumetric porous element 
filled with a two-phase (water-air) fluid that preserves the conditions of the experiments. The simu-
lations currently incorporate mineral dissolution as the primary mobility driver of the ionic constitu-
ents of immediate interest (Ca2+ and Ba2+).  Plans are underway to incorporate other mechanisms like 
surface desorption to account for the release of trace metals.  Comparing model results to experi-
mental data, even at such miniscule scales, helps ascertain reaction parameters that can quantify po-
tential environmental concerns from current disposal scenarios and provide meaningful information 
to establish best practices.  
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Characterization of stoker ash from the combustion of 
high-lanthanide coal at a Kentucky bourbon distillery 
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Lanthanide- and yttrium-bearing minerals were examined by transmission electron microscopy - en-
ergy-dispersive spectroscopy (TEM-EDS) and related diffraction techniques in the combustion ash 
produced from the burning of an eastern Kentucky coal in a stoker boiler. The feed coal has nearly 
2000 ppm and the stoker ash has over 1400 ppm lanthanides + Y + Sc. In one section, zircon with 
trace amounts of Y was observed. Hafnium was noted in the preliminary scanning electron micros-
copy - EDS examination of a zircon. In the TEM procedure, the Hf peaks overlap with other peaks 
and, thus, the presence of Hf could not be confirmed. Both La-, Ce-, Nd-monazite and a La-, Ce-
bearing Ti-Fe mineral were observed in the ash. The latter mineral corresponds to crichtonite or da-
vidite or loveringite, all minerals within the Dana-class crichtonite group, with Ce-davidite being the 
best match for the chemistry and diffraction patterns. 
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Qualitative and quantitative identification of solid impurities using optical  

microscopy in biomass-derived renewable fuels (pellets) 

 
Iwona Jelonek and Zbigniew Jelonek  

 

University of Silesia in Katowice, Department of Earth Sciences, Będzińska 60, 41-200 Sosnowiec, Poland 

 
Wood pellets are solid fuels produced from coniferous trees, mixed deciduous-coniferous crops, and 
from sawdust of deciduous trees. The production of this renewable fuel from the biomass of crop 
plants has also began in an experimental phase. Pellets from the waste products of tobacco, cereals, 
and other agricultural crops are also produced on a small scale. Attempts to utilize unused biomass 
from agricultural activity show a high potential for this type of processing. Ecological production of 
these fuels for the growing energy market plays an increasingly important role due to the use of 
natural fuels in domestic central heating installations and hot water systems. An expanding market of 
this fuel (Pellet) and the slow displacement of fossil fuels by renewable fuels triggered the study of 
small batches of such pellets available on the Polish market (Nocoń & Jelonek, 2018). The present 
study was aimed at comparing the quality of pellets from different manufacturers used in household 
solid fuel boilers based on qualitative and quantitative determination of impurities. The innovation 
was the use of organic petrographic analysis for these fuels, which, until now, has only been applied 
to fossil fuels ISO 7404-2: 2005, ISO 7404–3:2009 and coals and charcoal briquettes PN-EN 1860-
2: 2006. Optical analysis carried out in accordance with the PN - EN 1860-2: 2006 standard has 
confirmed, in addition to biomass, the presence of fossil fuels, plastics, metals, rust, and petroleum 
substances in the analyzed samples. The percentage of these impurities in individual batches of prod-
ucts has been determined. Just like grill fuels (Jelonek, 2019), pellets containing unwanted sub-
stances, e.g. fossil fuels, crude oil, coke, coal tar, plastics, glass, slag, rust, metals, or mineral matter, 
are responsible for the emission of particulate matter and other gases harmful to humans and the 
environment. For this reason, before introducing renewable fuels from biomass to the commercial 
market, the petrographic analysis of undesirable impurities shall be carried out.   
 
1. A. Nocoń, I. Jelonek, M. Jach-Nocoń, and Z. Jelonek: Petrograficzna charakterystyka pelletów drzewnych 

dostępnych w obrocie handlowym na terenie Polski (The petrographic characteristics of wood pellets available on 
the Polish market) (in Polish). Bulletin of the Mineral and Energy Economy Research Institute of the Polish Acad-
emy of Sciences, no 104, ISSN 2080-0819. 2018. pp. 131-140. 

2. ISO 7404-2 (2009). Methods for the Petrographic Analysis of Coals. – Part 2: Method of Preparing Coal Samples. 
International Organization for Standardization, Reference number: ISO 7404-2: 2009 (E). Second edition. Geneva, 
Switzerland, pp. 1-20. 

3. ISO 7404–3:2009. Methods for the petrographic analysis of coals - Part 3: Method of determining maceral group 
composition. International Organization for Standardization. pp.1-7 

4. EN 1860-2: 2005 (E). Appliances, solid fuels and firelighters for barbecuing - Part 2: Barbecue charcoal and barbe-
cue charcoal briquettes - Requirements and test methods.  

5. Z Jelonek. Characteristics of commercially available charcoal and charcoal briquettes in the light of petrographic 
studies. Springer Proceedings in Energy. Renewable Energy Sources: Engineering, Technology, Innovation. ISSN 
2352-2534, 2019. 
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Source rock geochemical characteristics are important for hydrocarbon generation. In this regard, 
initial content of the source rock elemental sulfur content determines the quality of the produced 
crude and can result in the production of very toxic and corrosive hydrogen sulfide (H2S) gas in a 
well. As a result, there is a great interest in screening for and in determining the speciation of sulfur 
in the organic matter present in source rocks. Older pyrolysis instruments were not equipped with an 
oxidation oven; thus, combustion of pyrolysis residues and complete sulfur balance were not possible 
to be achieved. Recent pyrolysis instruments are also limited to oxidation temperatures of 850°C, 
which are too low for detecting sulfur associated with sulfates. NMR and XPS spectroscopies have 
been used for sulfur specification but are costly and require extensive sample preparation. K-edge X-
ray absorption near-edge structure (XANES) also suffers from proximity of the peaks, which causes 
a large error in the relative abundances of sulfur structures. However, a newly developed pyrolyzer 
can calculate the total pyritic sulfur by measuring pyritic sulfur from pyrolysis and calibrating weight 
functions, which take into account pyrite thermal degradation rate and impact of both the mineral and 
organic matrices. Measuring the total sulfur content from pyrolysis and oxidation, along with the 
pyritic sulfur, allow for the organic sulfur to be determined.  

In this study, 27 samples from 9 different wells with varying maturity levels were retrieved from the 
North Dakota portion of the shale members of the Bakken Formation as one of the most important 
source rocks in North America. A proprietary instrument (Rock-Eval 7S®), developed by the IFP in 
France that is not yet available commercially, was utilized to determine the form of sulfur in the shale 
samples. This instrument has a customized pyrolyzer, which follows similar functionalities as the 
Rock-Eval 6 but reaches temperatures up to 1200oC to quantify the different forms of sulfur (sulfide, 
sulfate, pyrite, organic) and their quantities in the organic matter or the inorganic matrix. 

Results from RE 7S were compared to those obtained from standard methods, such as a CHNS ana-
lyzer, and showed a high correlation. The benefits of this newly developed instrument compared to 
previous methods are: a) avoiding the exhaustive procedures required for isolating the organic matter, 
b) easy data interpretation, and c) simultaneously providing conventional geochemistry information 
(e.g., S1, S2, PI, etc.). Results obtained from the RE 7S are also useful in enhanced oil recovery 
(EOR) operations in which H2S can occur in the presence of steam or hot water or when reservoir 
rocks have significant concentrations of organic sulfur, pyrite, and sulfate minerals. 
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The investigated section was located within the Bridger Mountains (Peak 9559), southern Montana, 
USA. Twelve shale samples were collected directly from the outcrop and all of them come from 
Unit 1 (Lower Black Shale) of Upper Devonian-Lower Mississippian Sappington Formation. The 
samples were investigated using petrography and palynology. Based on the miospore assemblage, 
the age of investigated unit was established as Diducitesversabilis – Grandispora famenensis (VF) 
miospore Zone and it points to the lower zonal boundary.  

The mean random vitrinite reflectance for the samples ranged from 0.54 % to 0.66 %. The organic 
matter within the whole section was of high genetic diversity and showed strong fluorescence. It 
occurred in form of lenses and layers of various thickness (2-200 μm) and various length (2-400 
μm). A characteristic feature of the observed organic matter was the occurrence of meta-bituminous 
– mineral matrix. The inertinite group was represented mostly by inertodetrinite. Within the liptinite 
group, megasporinite, microsporinite and alginite were the most abundant and they showed strong 
yellow fluorescence.  

The palynofacies analysis indicates that all samples contained large amounts of amorphous organic 
matter (AOM). The palynomorphs assemblage was strongly dominated by algae (prasinophytes). 
Acritarchs were numerous as well. Land derived components (miospores and phytoclasts) were lim-
ited in number. Based on palynofacies, the depositional environment could be described as open 
marine and anoxic/oxygen deficient. Upward the section a weak regressive signal was observed, as 
suggested by the decrease in the abundance of marine components.  

Summarizing, the vitrinite reflectance values ~ 0.6% for most of the twelve samples indicate imma-
ture to early mature stage with respect to hydrocarbon generation. This combined with palynofacies 
(AOM, prasinophytes) indicates Type II kerogen.  

 
 
 
 
 

 
Corresponding author: Marcelina Kondas; marcelina.kondas@gmail.com; +48 506798563 
Presenting author: Marcelina Kondas 
Is presenting author a student? Yes 
Keywords: Sappington Formation, organic matter, organic petrology, palynology, palynofacies 
Presentation format: oral 
  



ABSTRACTS FOR ORAL PRESENTATIONS 

38 
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Dynamic failure can be defined as the violent expulsion of coal and rock debris in an underground setting (Peng, 
2008). Dynamic failure events occur when the critical bearing capacity of a coal pillar is exceeded, and the stored 
potential energy is released kinetically into a working area. Often there is no warning prior to a dynamic failure 
event, and workers have no opportunity to move to safety. Current risk mitigation practices rely heavily upon 
identifying warning signs while mining (Mark and Gauna, 2015). Proactive risk mitigation requires a fuller un-
derstanding of the driving mechanisms behind these dangerous events. Much ground control research has fo-
cused on the engineering controls associated with dynamic failure. However, research regarding common mate-
rial and depositional characteristics of dynamic failure-prone coals remains an area in need of further inquiry.  

Lawson (2019) and Lawson et al. (2015) identified trends in elemental composition and coal properties relating 
to dynamic failure. Among these are a clear correlation between a history of dynamic failure and 1) relative 
immaturity and 2) low overall sulfur content. Low sulfur content in immature coal implies a terrestrial deposi-
tional environment, isolated from the influence of marine waters. Whyatt et al. (2009) further noted that coals 
rich in spores, resins and detrital material are associated with dynamic failure in Western coals. These findings 
suggest that coals prone toward dynamic failure may originate under similar depositional conditions, and that, 
by extension, a better understanding of what these conditions may be could lead to improved risk forecasting 
capacity. 

To evaluate the importance of depositional ecosystem on subsequent dynamic failure potential, several seams 
within the Piceance Creek, Uinta, and central Appalachian basins are compared with respect to maceral and 
mineral matter composition. Maceral counts were then used to estimate ecosystem setting using a Diessel plot 
(Diessel, 1992).  

Results determine that inertinite composition is moderately higher in the dynamic failure-prone samples, poten-
tially suggesting lower water levels at the time of deposition. Differences with respect to gross sediment influx 
appear to be largely individual, and bear no clear correlations with either dynamic failure status or basin. How-
ever, dynamic failure prone coals are consistently lower in pyrite than control coals, suggesting peat formation 
in relatively sulfate-depleted freshwater environments. Diessel plots suggest that all samples plot roughly within 
upper deltaic wet forested swamp environments. However, control seams tend to exhibit higher tree density than 
dynamic failure prone seams. Diessel plots show no correlation with basin, suggesting that this modest trend is 
directly linked with dynamic failure status, rather than geography. These findings reinforce that dynamic failure 
prone coals are likely to originate from inland freshwater deltaic settings, and that this may be a defining charac-
teristic of coals prone to dynamic failure under common levels of mining induced stresses.  
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Micropores (< 2 nm) in coal not only provide the space for gas storage but also offer channels for 
their diffusion and migration. Actually, more than 90% of the specific surface area (SSA) of the 
micropores is contributed by ultra-micropores (< 1.1 nm) and is deeply affected by the metamorphic 
and deformation process in tectonically deformed coal (TDC).  

In order to find a mathematical model for accurately calculating micropores in coal, four coal samples 
with different rank (0.41% - 2.93%) were collected, and the experiment of low-pressure CO2 adsorp-
tion at 273 K (LPCO2) was carried out. Then, the adaptability of different models (e.g., Langmuir, 
Dubinin-Radushkevich (D-R), Dubinin-Astakhov (D-A), and nonlocal density functional theory 
(NLDFT) were compared and analyzed. The results demonstrate that micropores in coal can be ac-
curately obtained by CO2 adsorption at 273 K combined with NLDFT model. 

Tectonically deformed coal (TDC) forms from undeformed coal that has undergone brittle fracture 
or ductile rheology under different tectonic stress actions. Porosity and SSA of TDC are higher (more 
than 30%-80% and 30%-100%, respectively) than that of undeformed coal in the same layer. More 
than 90% of the specific surface area (SSA) and 70% of the pore volume (PV) are composed of ultra-
micropores (<1.1 nm). Moreover, tectonic stress plays a significant role in controlling the defor-
mation of nanopores structures. To reveal the evolution mechanism of ultra-micropores in the defor-
mation process of TDC, the LPCO2, X-ray diffraction (XRD) and high-resolution transmission elec-
tron microscopy (HRTEM) methods to investigate the ultra-micropores of eight TDCs from the Huai-
bei coalfield in North China. The result showed that the PV and SSA of ultra-micropores decrease in 
ductile deformation coal and increase sharply in ductile coal by LPCO2 experiment; the relationship 
between SSA and the aromatic interlayer spacing (d002) and fringe spacing (fS) are negatively corre-
lated in the brittle deformed coal and are positively correlated in the ductile deformed coal, respec-
tively. We conclude that brittle deformed coal limits the development of ultra-micropores, while duc-
tile deformed coal promotes the increase of ultra-micropores. That explains the reason for high ad-
sorption capacity and high gas content of ductile deformed coal development area in Huaibei coal-
field. 
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Organic matter quantity, quality, and thermal maturity are key parameters in source rock evaluation 
and unconventional shale oil/gas reservoir characterization. Understanding the stratigraphic distribu-
tion of organic matter content and type in black shale successions and its transformation during ther-
mal maturation is of great significance in conventional and unconventional petroleum systems. In this 
study, multiple techniques including portable X-ray fluorescence spectroscopy, organic petrography, 
scanning electron microscopy, and micro-Fourier transform infrared spectroscopy were employed to 
document the stratigraphic variations of organic matter content and type, organic maceral transfor-
mation during thermal maturation, and secondary organic pore development in the Upper Devonian 
New Albany Shale of the Illinois Basin from vitrinite reflectance Ro 0.55 (early mature) to 1.42% 
(gas window). 
The results show that organic matter content and type in the New Albany Shale vary stratigraphically. 
Relative sea-level fluctuations influence paleoproductivity, clastic supply, bottom-water redox con-
ditions, and their combined control on organic matter accumulation in the New Albany Shale. Oil-
prone organic matter (amorphous organic matter and alginite) transforms to oil, gas, and post-oil 
bitumen or pyrobitumen during thermal maturation and does not exist in their original forms at high 
thermal maturities. Amorphous organic matter and alginite disappear at Ro 0.80 and 0.89%, respec-
tively, because of transformation to hydrocarbons and solid bitumen. Terrestrial organic matter (vit-
rinite and inertinite) do not change significantly in morphology with increasing thermal maturity. 
Correlative microscopy (reflected light and scanning electron microscopy) was used to study the in-
fluence of thermal maturity and organic maceral type on the development of secondary organic pores. 
The results show that solid bitumen transformed from oil-prone macerals develops secondary organic 
nanopores (20−1000 nm) during thermal maturation and that terrestrial organic matter does not de-
velop secondary organic pores, but can host primary cellular pores (0.2–10 μm). 
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The origin for Paleozoic gases (gases from the upper Paleozoic tight sandstone, the Ordovician weath-
ered crust and the pre-salt dolomite reservoir) of Ordos Basin has been debated for years. The major 
question is whether the C-P source rock or the Ordovician source rock contributed more to the gases 
in the lower Paleozoic reservoirs. In this paper, we compared the geochemical characteristics of the 
upper Paleozoic gas, Ordovician weathered crust gas, and pre-salt gas to identify their origins. We 
used the modified Chung plot to identify the carbon isotope curve pattern for gases generated from 
different source rocks. It turns out that carbon isotopic signature of methane is better than that of the 
ethane for identification of the source of the Ordos gases.  

We also evaluated the distribution of favorable lower Paleozoic source rocks, and it appears that the 
best Ordovician source rock developed in the eastern Basin. In combination with the source rock 
distribution of C-P coal measures and limestone and gas geochemistry, the gas accumulation history 
could be established as follows. During late Triassic - Early Cretaceous (T3 - J1) period, the Ordovi-
cian carbonate source rock generated large amount of oil-type gas in the eastern Basin. These gases 
are preserved in the Ordovician weathered crust and the pre-salt dolomite reservoirs.  Meanwhile, 
small amount of oil-type gas was generated by the Ordovician carbonate source rock in the central 
Basin and preserved in the lower Paleozoic weathered crust reservoirs. During the Late Jurassic - 
Early Cretaceous (J - K1) period, the C-P coal measures in the eastern Basin generated great amount 
of coal-type gas. The gas first resided in C-P reservoir and then migrated into the Ordovician weath-
ered crust reservoir. In the central Basin, the C-P coal measures generated large amount of coal-type 
gas. The coal-type gas migrated downwards to the Ordovician reservoir and mixed with the small 
amount of oil-type gas already present there. In south-western part of the Ordos Basin, there not only 
developed C-P coal measures, but also existed sapropelic source rocks, which could generate oil-type 
gas in the Shanxi Formation of Permian (P1t). The coal-type gas generated by the C-P coal and the 
oil-type gas generated by the P1t sapropelic source rock mixed in the C-P reservoirs, resulting in the 
existence of mixed gas in upper Paleozoic reservoirs in the south-western Basin.  
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This presentation will review properties and significance of solid bitumen with emphasis on source-
rock reservoirs. Discrepancies with terminology will be discussed in the context of difficulties in 
conforming to chemical-, solubility-, or origin-related definitions.  

Based on these difficulties we suggest adapting the reflectance of solid hydrocarbon as a practical 
choice for placing the boundary between solid bitumen and pyrobitumen, and propose 1.50 % as the 
boundary value, with a possibility of shifting this boundary down to 1.3% for sulphur-rich kerogen.  

Recently, much progress has been made by combining imaging and physical adsorption techniques 
in porosity studies of source-rock reservoirs, and the porosity of solid bitumen will be given a special 
emphasis in this presentation. The comparison of pore characteristics obtained from SEM versus 
those generated by gas adsorption, mercury intrusion, or neutron scattering techniques indicates that 
the SEM pore inventory fails to account for the smallest pores (<5 nm in size) present in organic 
matter.  

We conclude that combining observational in situ techniques with techniques based on physical prin-
ciples is necessary to make progress toward a better understanding of porosity systems in organic 
matter, including the porosity of solid bitumen.  

This presentation will also review the implications of the abundance of solid bitumen on reservoir 
quality, porosity, permeability, and producibility, and will suggest further research that could lead to 
a better understanding of the role that solid bitumen plays in unconventional reservoirs. 
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Fossil wood is well known from the Miocene-aged Brassington Formation (Derbyshire, UK), but its 
preservation has not been previously studied. Megascopically, wood samples collected in 2013 and 
2017 fall into two categories: apparently unaltered and charred. Larger pieces have numerous cracks 
and pockets in the surface, suggestive of desiccation and white-rot prior to burial, but appear to be 
overall solid wood. No insect damage has been observed, but numerous frass-balls and fungal forms 
have been obtained from palynological preparations of clay prized out of the surface cracks as well 
as from the surrounding sediments. Drying in acetone and epoxy impregnation permitted the wood 
to be examined petrographically. Upon sectioning, it is clear that none of the wood is solid – cracks 
consistent with desiccation cracking are uniformly clay-filled, with clay infiltrating into heartwood, 
where present. All woods examined in this study appear to be hardwoods. Members of the “charred” 
group have high-reflecting exteriors while having low-reflecting interiors. Members of the “unal-
tered” group are low-reflecting in all cases. Random reflectance places the wood in the upper range 
of Peat or lowest range of Lignite B. Low-reflecting cells are primarily fiber cells and are strongly 
fluorescent. In most cases, it is clear that the three-ply fiber cell wall has begun to delaminate, a key 
feature of white-rot decomposition of the wood. Rays appear largely unaltered, and bordered pits 
show no evidence of hyphae. Annual rings and vessels, on the other hand, have undergone significant 
humification and have the appearance of ulminite and textinite, respectively. Near wood margins, 
extensive pockets of rot show strong gelification, with the result that the cellular framework is gelified 
and brightly reflecting with isolated still-fluorescing fibers present. This type of wood preservation 
is consistent with early coalification in aerial settings, and consistent with fungi recovered during 
palynological studies which are indicative of hardwoods decaying in wet forest settings.  
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Shale and tight reservoirs are attractive candidates for miscible CO2 EOR (enhanced oil recovery) and they are 
potential targets for geologic storage of anthropogenic CO2. This study investigates the effects of CO2 loading 
on two Marcellus Shale samples, a clay-rich sample and a carbonate-rich sample, to elucidate the role of min-
eralogical variation on CO2 behavior within shale micropores. 
 
The NIMROD (Near and Intermediate Range Neutron Diffractometer) at the ISIS Pulsed Neutron and Muon 
Source was used for the experiments. The samples were probed with CO2 at subcritical pressures (20 – 50 bar) 
at 22oC and characterized over an instrument Q (scattering vector) range of 0.02 – 50 Å-1. This Q range provides 
structural correlation lengths from around 30 nm down to the atomic scale. 
 
The ratio of scattering intensity in CO2 varied across the range Q = 0.02 – 0.5 Å-1 (31 – 0.5 nm) and the minimum 
scattering intensity ratio position shifted to lower Q values with increasing pressure. This suggests that CO2 
condenses in larger pores at sub-critical pressures. The simultaneous measurement of high Q data allowed for 
the confirmation of liquid like CO2 in the sample as reported by Stephanopoulos et al. (2017). At Q = ~0.08 Å−1 
(correlation length of ~3.1 nm) liquid-like CO2 fills 15, 20, 40, and 50 percent of the pores at 20, 25, 40, and 50 
bar, respectively. For all pressures and Q values > ~0.09 Å−1 (~2.7 nm), CO2 access to pore throats steadily 
decreased with Q until it reached ~0.5 Å−1 (~0.5 nm). This signifies that pores in the shorter length scale (higher 
Q regime) are inaccessible, likely due to the size of the CO2 molecule (kinetic diameter = 0.33 nm). 

 
Mineralogy variations between the samples did not affect scattering ratios over the entire Q range accessible 
with the NIMROD. Q values for the minimum scattering ratios of both samples at similar pressures are statisti-
cally indistinguishable and maximum scattering ratios are similar in both samples suggesting that mineral pores 
are either absent or are so uncommon that they cannot be resolved due to the overwhelming amounts of organic 
pores in these samples. 
    
Overall, these findings suggest that mineralogic variations do not affect the behavior of CO2 in the Marcellus 
Shale samples in the dry gas window. In addition, CO2 cannot be stored in the vast volumes of micropores (< 
2.5 nm) in shale formations as suggested by Stefanopoulos et al. (2017) and CO2 EOR is unlikely to displace 
petroleum from some of the smaller mesopores (> 2.5 –50 nm) and the micropores (< 2.5 nm) because they are 
effectively closed to CO2. 
 
Stefanopoulos, K.L., Youngs, T.G.A., Sakurovs, R., Ruppert, L.F., Bahadur, J., and Melnichenko, Y.B., 2017, Neutron scattering 
measurements of carbon dioxide adsorption in Marcellus Shale samples: Implications for sequestration: ES&T, v. 51, 11, p 6515–6521. 
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Sub-nanopores are pores with a diameter of less than 1 nm. The sub-nanopores are abundant in coal 
and their specific surface area (SSA) accounts for most of the total pore specific surface area. In order 
to understand the control of sub-nanopores on methane adsorption capacity and desorption release 
efficiency, we conducted low-pressure CO2 adsorption experiments, low-pressure N2 adsorption ex-
periments, High Resolution Transmission Electron Microscope (HRTEM), and organic macromolec-
ular simulation on three coal samples (a high volatile bituminous coal, a low volatile bituminous coal, 
and an anthracite) to study the development and structure of sub-nanopores in different coals. Me-
thane high pressure isothermal adsorption experiment was also performed on three kinds coal, each 
of which included three particle size samples (core sample, <74 𝜇𝜇m, 180-250 𝜇𝜇m). By comparing the 
adsorption capacity and the adsorption rate of different samples, we study the control of sub-nanopore 
on adsorption capacity and diffusion efficiency. The main findings are described below.  

The pore volume (PV) and the SSA ranges of sub-nanopore in three coals are 0.0450-0.0739 cm3/g 
and 161.29-279.79 m2/g respectively, account for more than 36.20% and 84.00% of total PV and 
SSA, and the PV and SSA of sub-nanopore increase with decreasing particle size. HRTEM images 
and organic macromolecule model indicate that the sub-nanopores are chemical structure pores. The 
development of sub-nanopore and the methane isothermal adsorption results of different raw coals 
indicates that the adsorption capacity is related to the SSA of sub-nanopore. However, the adsorption 
capacity does not increase linearly with increasing SSA. 

Isothermal adsorption experiments of different particle size samples show that the adsorption capacity 
of particle sample (180-250 𝜇𝜇m) is the highest with the fastest adsorption rate; while the adsorption 
capacity of core sample is the lowest with the slowest adsorption rate. 

The adsorption capacity and adsorption rate are controlled by the development and structure of sub-
nanopores. The SSA of sub-nanopore cross section exposed by nanopore and fractures also affect the 
adsorption capacity and diffusion efficiency of sub-nanopore to methane. 
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The cleaning potential evaluation of coal resources: A case study from three general  
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The cleaning potential of coal in the Anping, Xizhuang and Yitang areas is studied from three aspects 
of quality, cleaning grade, and cleanability, based on related data. The cleanability is firstly applied 
into on-the-spot analyses, meanwhile the three evaluation systems are used for comparative analyses 
for the first time. The quality grade evaluation software is used to calculate comprehensive index of 
coal. Distribution maps of resources with different cleaning potential characteristics are prepared us-
ing mapping and geographical information software. A cleaning potential gradient is firstly proposed, 
which indicates the cleaning potential level. The cleaning potential of six coal seams is analyzed 
combined with depositional environment, which shows that the cleaning potential gradient, in geo-
logical considerations, of coal formed in a terrestrial environment is better than that of coal formed 
in a paralic environment, whereas the cleanability, in the economic sense, of coal depends greatly on 
the forms of sulfur and depends on the ash yield. The necessity of processing coal of different geo-
logical characteristics is analyzed based on the cleaning potential gradient and cleanability. This re-
search can provide theoretical and scientific evidence for guiding coal preparation operations.  
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Paleozoic source rocks and thermal history of the Denver Basin, USA 

 
Steven A. Tedesco 
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The Denver Basin is an asymmetric foreland basin with a north-south configuration that is adjacent 
to the ancestral and present-day Rocky Mountains. The depositional center for Pennsylvanian strata 
for Denver Basin lies to the south of the Transcontinental Arch that crosses through the center of the 
basin. The Pennsylvanian Desmoinesian and Atoka age strata in the southern part of the basin contain 
several (28+) thin highly organic carbonaceous mudstones, two to three feet on average that are lat-
erally extensive. North of the Transcontinental Arch in the Denver Basin the Pennsylvanian strata is 
very thin with only one or two of the carbonaceous mudstones present. The identity of the source of 
the petroleum found in the prolific Mississippian and Morrowan reservoirs has historically not been 
identified. The literature has assumed oil migrated from the deep Anadarko Basin into the Denver 
Basin, The Las Animas Arch, a northeast trending positive structural feature and the basin’s eastern 
tectonic boundary is a major impediment for fluid movement. The Cherokee and Marmaton formation 
reservoirs contain oil that is derived from marine carbonaceous shales and limestones present in the 
Cherokee strata. The TOC content of the Cherokee Formation mudstones average 12% and can be as 
high as 27%. The Atokan carbonaceous mudstones have generated oil in some areas (average 11% 
TOC) and are lacustrine or terrestrial in origin. Recent drilling has identified Ordovician source rocks 
on the western side of the basin that have not been found elsewhere in the basin to date. The Penn-
sylvanian basin center, located at the very edge of the southern end of the basin, has been proposed 
in the literature to be the area of petroleum maturation and expulsion but there is no evidence for this. 
Many of the Pennsylvanian carbonaceous mudstones in the basin depocenter have lower organics, 
contain coarse clastic material and there is a lack of oil shows or accumulations. Recent data presented 
here that suggests that oils in Paleozoic reservoirs were thermally altered and expelled from Atoka 
and Cherokee carbonaceous mudstones in the area of the present-day basin center on the western side 
of the basin. 
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Correlative microscopy study of porosity development in a New Albany Shale  
thermal maturity sequence: Hydrous pyrolysis residues vs. natural maturation  

 
Brett J. Valentine, Paul C. Hackley, and Javin J. Hatcherian 
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Characterization of nano- to microscale structures using electron microscopy plays an important role in improving our 
understanding of porosity development within source rocks and reservoirs in unconventional oil and gas petroleum sys-
tems worldwide. In general, most studies indicate that as the thermal maturity of organic-rich shales increases, hydrocar-
bons are generated which ultimately leads to the development of secondary porosity in organic matter (OM). Liu et al. 
(2017) used electron and optical microscopy to evaluate pore development in a natural thermal maturity sequence (0.55-
1.43% Ro) of the New Albany Shale. Their study indicated that secondary porosity increased as thermal maturity in-
creased with small, thin solid bitumen within the fine-grained mineral matrix hosting the bulk of the developed organic 
porosity. Sun et al. (2019) examined the effects of pyrolysis (300-420℃ for 24 hrs.; 0.77-1.46% Ro) on Shahejie For-
mation samples and found that porosity increased with increasing thermal maturity but the formation of solid bitumen 
during the wet gas/condensate generative window led to a slight decrease in overall porosity. Our study evaluates the 
development of organic porosity in a natural thermal maturity sequence of the New Albany Shale compared to hydrous 
pyrolysis residues (340°, 370°C for 1-100 days) using a correlative microscopy approach. 

An immature sample with a solid bitumen reflectance (BRo, %) of 0.25% collected from the New Albany Shale was 
selected and split for two hydrous pyrolysis (HP) artificial maturation sequences (340℃ and 370℃ for 1, 5, 10, 25, 50, 
75, 100 days) following methods described in Hackley and Lewan (2018). The HP residues, along with the original 
immature sample and two higher maturity, naturally-occurring (1.49 and 1.56% BRo) New Albany samples, were pre-
pared and polished at the USGS following ASTM D2797 methods. Samples were analyzed for BRo following ASTM 
D7708. Optical maps (white light, ×500) were collected to verify maceral identifications during SEM evaluation. Prior 
to SEM analysis samples were ion milled and a carbon coat was applied. A qualitative evaluation of organic nano-porosity 
was then conducted using a Hitachi SU5000 variable pressure FE-SEM (10keV; 30 spot intensity; 3mm working dis-
tance). 

Preliminary results indicate that thermally mature samples for both the HP series and naturally matured samples have 
greater secondary porosity compared to immature samples. The bulk of the porosity develops in the smaller (<5 µm), 
narrow, wispy, void-filling solid bitumen that occurs in spaces between clays and other fine-grained mineral textures. 
The larger (>5 µm) OM like vitrinite, inertinite, alginite (below Ro ~1.1%), and solid bitumen macerals generally did not 
exhibit increases in observable porosity; porosity that is present is typically near the contact of OM with mineral grains. 
These results support the findings made by Liu et al (2017) that small solid bitumen macerals occupying interparticle 
space host the majority of the porosity. Qualitatively, organic porosity is more abundant in the 340℃ HP residues at 25 
(1.46% BRo) and 50 days (1.64% BRo) than in the 100 day (1.70% BRo) residue.  This result may be similar to the 
decrease in porosity found by Sun et al. (2019) due to oil cracking and formation of porosity-occluding solid bitumen. 
This study emphasizes the importance of using correlative microscopy in porosity evaluations, as the distinction between 
OM/maceral types using electron microscopy alone can lead to misinterpretations or the misidentification of macerals. 
Hackley, P.C., Lewan, M.D., 2018, Understanding and distinguishing reflectance measurements of solid bitumen and vitrinite using hydrous pyrolysis: implications to 
petroleum assessment: American Association of Petroleum Geologists Bulletin, v. 102 p. 1119-1140. 

Liu, B., Schieber, J., Mastalerz, M, 2017. Combined SEM and reflected light petrography of organic matter in the New AlbanyShale (Devonian-Mississippian) in the Illinois 
Basin: A perspective on organic pore development with thermal maturation. International Journal of Coal Geology, v. 184, p. 57-72. 

Sun, J., Xiao, X., Cheng, P., Tian, H., 2019. Formation and evolution of nanopores in shales and its impact on retained oil during oil generation and expulsion based on 
pyrolysis experiments. Journal of Petroleum Science and Engineering, v. 176, p. 509-520 
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from coal gasification residues in China 
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The solid residues from the commercial coal gasification plants are a significant environmental issue 
in China because of the large quantities produced. In recent years, because of the rapid development 
of coal gasification technologies in China, more and more coal gasification residues are produced and 
are being disposed of in landfills because of the low efficiency of utilization of the residues. The 
potentially hazardous trace elements (Be, V, Cr, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sb, Cs, Ba, Tl, 
Pb, Hg, Th, and U) in the residues may pose a risk to soil and groundwater systems when leached by 
rainwater or surface water. In the present study, the basic properties of coarse and fine residues pro-
duced from General Electric (GE) and Gaskombimat Schwarze Pumpe (GSP) coal gasification tech-
nologies in China were characterized by proximate and ultimate analysis, major and trace element 
analysis, x-ray powder diffraction (XRD), and scanning electron microscopy (SEM). The column 
leaching procedure M1314, developed by the U.S. Environmental Protection Agency (EPA), was 
used to evaluate the potential for environmental pollution by potentially hazardous trace elements in 
gasification residues. Compared to coarse residues, fine residues have a higher carbon content and 
the potential for enrichment in volatile elements due to their condensation as small ash particles in 
the fine residues. The potentially hazardous trace elements in the residues show different release pat-
terns. The leached concentrations of potentially hazardous trace elements from coal gasification res-
idues are generally low, and only Mo in the leachate of GSP fine residue is moderately soluble. As, 
Se, Mo, Sb, and Tl in the leachate of GE and GSP fine residues and Sb and Tl in the leachate of GE 
coarse residue exceed the third level of the Chinese Quality Standard for Groundwater, which was 
set based on the reference value of human health and is the upper limit for drinking water sources and 
water for industrial and agricultural use. These data indicate that the potential for environmental pol-
lution by those elements from coal gasification plants should be given consideration. 
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Noble gas insights on stable isotope reversals in natural gases 

 
Colin Whyte and Thomas Darrah 

 

The Ohio State University, 125 S Oval Mall, Columbus, OH 43210, USA 
 

In conventional petroleum systems, the stable carbon isotopes in light alkanes generated during cat-
agenesis are fractionated in predictable manners (e.g., δ13C-CH4 < δ13C-C2H6 < δ13C-C3H8). However, 
the recent growth of natural gas production from unconventional reservoirs such as tight sands and 
shales has led to more frequent discoveries of gases exhibiting the reverse of this geochemical signa-
ture in sedimentary basins around the world. These phenomena have been attributed to increased 
thermal maturity and are often associated with high production, but to date the mechanisms that cause 
the progressive decrease in the δ13C-C2H6 (termed “rollover”) with thermal maturation and isotopic 
reversal (δ13C-CH4 > δ13C-C2H6) remain quite debated. Existing explanations include mixing of hy-
drocarbon gases with varying thermal maturities and origins, mixing with abiotic methane, which is 
believed to be produced in hydrothermal systems that are often mantle-derived, the thermochemical 
or microbial oxidation of hydrocarbons, Rayleigh fractionation during redox reactions in the for-
mation, and secondary cracking of heavier aliphatic hydrocarbons, which is believed to be enhanced 
by the presence of water. These processes can often affect the carbon isotopic compositions in am-
biguous manners, therefore we have tried to address many of these explanations through the integra-
tion of noble gas isotope geochemistry. 

Noble gases represent inert tracers that are unaffected by oxidation or redox processes and can be 
used to identify fluid source (e.g., mantle-derived vs crustal) and mixing. The atmospheric isotopes 
(e.g., 20Ne, 36Ar, 84Kr) can be used to understand gas-to-water volumes and post-genetic processes 
such as hydrocarbon migration. The abundances and production rates of radiogenic noble gases are 
well constrained in the crust, in addition to the temperature-dependent diffusion rates of some iso-
topes (4He, 21Ne*, 40Ar*) out of crustal mineral grains and into pore fluids, which makes these iso-
topes potentially useful for understanding thermal maturity and hydrocarbon evolution. 

Here we present hydrocarbon molecular (C1/C2+) and stable isotopic compositions (δ13C-CH4, δ13C-
C2H6), and noble gas isotopic (e.g., 3He/4He, 4He/40Ar*, 21Ne*/40Ar*, 20Ne/36Ar, 84Kr/36Ar) composi-
tions of natural gases produced from conventional and unconventional reservoirs in the Northern 
Appalachian Basin and Fort Worth Basin. Our data suggests the isotopically reversed gases were 
produced in more closed systems that retained greater amounts of atmospherically-derived isotopes 
compared to the “normal” gases found in the conventional systems. 
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Palynofacies Analysis: Experimental Design and Hydrocarbon Generation Potential 

 
Elkin Mauricio Arboleda Muñoz and Astrid Blandón Montes 

Universidad Nacional de Colombia, Sede Medellín, Colombia 
 

This research attempts to develop a methodology for the palynofacies preparation and the determi-
nation of hydrocarbons generation potential of coals, carbonaceous shales and limestones from the 
Umir and La Luna Formations belonging to the Middle Magdalena Valley Basin. Outcrop samples 
from the Umir and La Luna Formations were selected for this study. A 23 factorial design was made 
to determine the effects of the treatment temperature, the particle size, and the ammonia concentration 
on the preparation time and the preservation of the organic matter present in the rocks. It was found 
that, in general, the rocks preparation time for the palynofacies analysis depends on the rock type and 
the total content of organic carbon. Also, it was found that with a treatment in which the particle size 
was 250μm, at a temperature of 40°C and having ammonia concentration of 15%, short preparation 
time and good preservation of organic matter were obtained. 

To determine the potential of hydrocarbons generation of the rocks, the following analyses were per-
formed: proximate, total organic carbon, petrographic, including vitrinite reflectance, palynofacies, 
liquid chromatography, and biomarkers. With these results, it was determined that almost all the Umir 
Formation samples have the capacity to generate both gaseous and liquid hydrocarbons.In turn, La 
Luna Formation samples do not have the capacity of hydrocarbons generation for a commercial way, 
possibly because generated hydrocarbons migrated out of the formation. 
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Study on mechanics characteristics and diffusion evolution law 
of coal under different unloading velocities 

Bing Li, Jianbao Liu, and Jiangang Ren 

Henan University of Engineering, Xianghe Road No.1, Longhu Town, Zhengzhou, IN 451191, China 

In order to further clarify the influence of mining activities on coal gas diffusion, based on the gas 
diffusion experiment and considering the actual mining mode, the ANSYS was used to analyze the 
variation law of stress in coal seam. The experiments of constant and rapid reduction of confining 
pressure and pressure at one end were carried out to analyze the diffusion law of coal under different 
unloading speeds. The results show that the stress in coal seam decreases gradually with the decrease 
of confining pressure and the end pressure, and the stress transfers to the area of gas pressure reduc-
tion. The gas diffusion rate in coal increases obviously with the rapid decrease of pressure, which is 
more conducive to promoting the gas diffusion in coal. 
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Depositional paleoenviroment and hydrocarbon source rock potential of the Devonian  

Pimenteira Formation in the São Luís Basin, Brazil: A organic facies approach 
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We carried out a detailed organic facies study on shale cutting samples from the Devonian Pimenteira 
Formation in the São Luís Basin northwest of Brazil to reconstruct depositional paleoenvironment, 
the origin of the organic matter, and the hydrocarbon potential of this unit. Samples were collected 
from the stratigraphic well 2-ANP-5-MA and were analyzed for total organic carbon (TOC), total 
sulfur (%S), insoluble residue (RI), spore coloration index (SCI), vitrinite reflectance (%Ro), palyno-
facies, and biomarkers. The TOC values of the analyzed sediments range from 0.19–0.51%, %S from 
0.17–0.85%, and the RI is high (> 85%); SCI ranges from 4.0–5.0, %Ro from 0.45–0.47%, and hy-
drozoa reflectance equivalent from 0.42–0.46%. Two types of palynofacies (P1 and P2) were identi-
fied; P1 is characterized by a palynomorph association dominantly composed of marine palyno-
morphs like acritarchs and prasinophytes, whereas P2 is characterized by phytoclasts and amorphous 
organic matter association. Chitinozoa and conodonts are common throughout this sedimentary se-
quence. The results suggest that organic matter content from the Pimenteira Formation in this part of 
the São Luís Basin is low. The thermal maturity indicators, including %Ro and reflectance equivalent 
of hydrozoa, show that the organic matter is immature. The TOC (wt%) vs %S relationship indicates 
that the organic matter is dominantly marine but with some freshwater influence. The ternary graph 
including amorphous organic matter, phytoclasts, and palynomorphs suggests a depositional envi-
ronment ranging from heterolithic oxic shelf (proximal shelf) (sample 2868) to mud-dominated oxic 
shelf (distal shelf) (samples 2847, 2850, 2853, 2856, 2859, 2862, 2865). In turn, a ternary plot of 
prasinophyte, acritarchs, and sporomorphs indicates an oxic proximal/distal shelf with deltaic influ-
ence. Carbon preference index values around 1.0 may indicate a significant contribution of marine 
source (microalgae, bacteria). Pristane/phytane (Pr/Ph) ratios show an overall upward decrease from 
1.16–0.48. Based on the Pr/Ph ratio, sediments of the Pimenteira Formation were deposited under 
dysoxic (Pr/Ph > 1.0) to anoxic conditions (Pr/Ph < 1.0). This conclusion is also supported by the 
position of the samples on the pristane/n-C17 versus phytane/n-C18 plot. 
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Petroleum System Insights of Newfoundland and Labrador from Fluid Inclusions 
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The Canadian Provinces of Newfoundland and Labrador are considered emerging oil plays recog-
nized internationally. The primary exploration in the past focused on proven reservoirs and within 
the shallow waters of the Jeanne d'Arc Basin. More recently, large 2D and 3D seismic programs and 
novel geological concepts have been applied to new oil and gas reserve discovery along the New-
foundland’s and Labrador’s continental margins, extended towards less explored or unexplored areas. 
All these basins are part of a widespread interconnected network of the rift system that formed during 
the Mesozoic continual break-up and Atlantic Ocean opening, and they contain world quality reser-
voir and source rocks. Trapped fluids occur within the matrix, cements, fracture fills, and discontin-
uous organic-matter-related nanopores within liquids-rich unconventional plays. Such “fluid inclu-
sions” are isolated during geological processes and record certain chemical and physical conditions 
related to the generation, migration, and entrapment of the original fluids. By studying these encap-
sulations using a combination of classical and novel techniques, explorationists can reduce the risk 
associated with identifying and exploiting productive reservoirs. Automated Fluid Inclusion Stratig-
raphy (FIS) is a high-throughput process that macerates approximately 0.5 g of rock material in a 
vacuum system and analyzes the liberated volatile species by a direct quadrupole mass spectrometry. 
The process generates a depth record of C1-C13 organic species and inorganic compounds with an 
individual-sample analytical time of less than 1 minute. FIS combined with the classical fluid inclu-
sion optical work (petrography and microthermometry) can provide an evidence for multiple pulses 
of migration or generation, including a free gas phase. Among twenty wells studied, microseeps were 
detected in wells at Flemish, Orphan, and Labrador Shelf.   Possible deeper thermal alternation with 
temperatures near 140-150 °C may occur within deeply-buried formations of the Cretaceous and Ju-
rassic. Evidences of hydrocarbon migration were documented in the Margaree A-49 well, a dry hole 
drilled in the Orphan Basin. Paleo-oil column are recorded in the Cretaceous (Kyle L-11 well) and 
the Jurassic (Panther P-52 well) with measured API gravities generally at 27-46. These examples 
illustrate that fluid inclusions can be used to address regional exploration risk in areas with limited 
well control. 
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The Baruunnaran coal deposit occurs in the south Gobi basin and Tavantolgoi coal-bearing zone in 
southern Mongolia, and belongs to the middle Permian coal-bearing Tavantolgoi Formation (Bat-
Erdene, 1989). The Tavantolgoi Formation hosts 17 coal seams, the world largest coal deposits, such 
as Tavantolgoi and Uhaahudag (Bat-Erdene, 1989). Tavantolgoi coal-bearing zone has 7.4 billion 
tonnes and Baruunnaran coal deposit has 330 million tonnes of coal resources, respectively.  
 
In total 34 coal samples from III and IX, IXG coal seams were studied. The indices of coal facies and 
paleoclimate and tectonic setting of peat accumulating conditions were determined by the organic 
petrography and chemical composition of coal ash.  
 
The results of coal petrography show that III and IX coal seams of Baruunnaran deposit are composed 
of vitrinite (48.3-70.6 % and 46.9-79.6 % mmf basis) and inertinite (13.6-39.3 % and 18.9-47.5 % 
mmf basis). The concentration of liptinite ranges from 1.2 to 8.6 % and 3.6 to 14.7% (mmf basis) in 
III and IX coal seams. Compared to other seams, coal of IXG seam has lower content of inertinite 
(11.6-25.3 % mmf basis) and higher content of liptinite (3.1-18.2 % mmf basis). The vitrinite is dom-
inant its content ranges from 59.7 % to 80.9 % (mmf basis) in IXG coal seam like other coals of 
Baruunnaran deposit. Based on vitrinite reflectance (Rr% values), coals of Baruunnaran deposit are 
classified as high volatile A bituminous to medium volatile bituminous in rank.  
 
The Ground Water Index (GTI) suggests that coals of seam III have evolved in limnic swamp under 
rheotrophic conditions, and coals of IX and IXG seams have developed under mesotrophic to rheo-
trophic hydrological conditions. The Vegetation Index (VI) values generally suggest the dominance 
of herbaceous plants in coals of the Tavantolgoi Formation. The Gelification Index (GI) and Tissue 
Preservation Index (TPI) suggest the limnic origin with low tree density. The peat of Tavantolgoi 
Formation was developed in alternate oxic and anoxic mire conditions. The peat pH value was from 
4.0 to 7.0 in coal seam III, whereas the pH was from 2.0 to 4.0 in peat of IX and IXG coal seams. 
The peat of seam III was accumulated in arid paleoclimate and collision tectonic setting. Likewise, 
peat of IX and IXG coal seams formed in arid to semi-humid paleoclimate and collision tectonic 
setting.  

 
 
Corresponding author: Batbold Demberelsuren; bdeduush@gmail.com; (+976)-99262085 
Presenting author: Batbold Demberelsuren 
Is presenting author a student? Yes (Ph.D)  
Keywords: The Middle Permian coal-bearing Tavantolgoi Formation, Baruunnaran coal deposit,  
                  organic matter, organic petrography, coal facies, type of the peat bog, environment condition  
Presentation format: poster  



ABSTRACTS FOR POSTER PRESENTATIONS 
 

57 
 

 
Prediction and characterization of macromolecular structure of cutinite from  

Luquan cutinitic liptobiolith with Molecular Simulation 
 

Meili Du, Lei Liu, Jinwen Fan 
 

 College of Chemistry and Chemical Engineering, Xi'an University of Science & Technology, 
Xi'an, People' s Republic of China, 710000 

 
 
This paper presents a methodology of molecular construction and characterization of the cutinite from 
Luquan cutinitic liptobiolith. The structural skeleton parameters of the cutinite were analyzed by 
FTIR, 13C NMR and XPS etc. The results indicate that the aromaticity of the cutinite residue which 
was extracted from cutinite by methanol, acetone, isometric N-methyl-2-pyrrolidone/carbon disulfide 
mixture (NMP/CS2), and cyclohexanone with ultrasonic irradiation was 0.3606. The ratio of bridge 
carbon/surrounding carbon of cutinite residue was 0.0827, implying that structural skeleton of cutin-
ite had 1~2 aromatic rings mainly in the type of naphthalene and benzene. The cutinite residue had 
higher aliphatic carbon (58.18%) than aromatic carbon (36.06%), thus the structure parameters had 
low aromatic carbon ratio. The aliphatic carbon in the cutinite residue was mainly in the form of 
alkane and cycloalkane. Oxygen-containing functional groups in the molecular structure of cutinite 
generally exist in the form of cross-linking bonds and side chains, and mainly as carboxyl, carbonyl 
and ether. In addition, the form of nitrogen atom was mainly pyridine and pyrrole. The structure 
parameters of small molecule in cutinite were analyzed by GC-MS. The results showed that the small 
molecule component was primarily composed of C12-C18 linear alkane and aromatics of 1-2 rings. 
The cutinite structure model was constructed by the skeleton parameters combining with small mol-
ecule compounds. The 13C chemical shift of the cutinite was calculated by ACD/13C NMR Predictor. 
The structural skeleton model of cutinite was simulated by Materials Studio and had a molecular 
formula of C195H231N3O32. 
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Geochemistry and organic petrography of the Anna Shale (Pennsylvanian) and the occurrence 

of pyrite “suns”, Southwestern Illinois, USA 
 

Jacob R. Dyson1, Susan M. Rimmer1, and Scott D. Elrick2 
1Southern Illinois University Carbondale, 1259 Lincoln Dr., Carbondale, IL 62901, USA 

2Illinois State Geological Survey, 615 E. Peabody Drive, Champaign, IL 61820, USA 

 

The Anna Shale (Pennsylvanian) is an organic-rich, marine black shale that commonly overlies the 
Herrin (No. 6) Coal of the Carbondale Formation, Illinois Basin. Disk-shaped iron sulfide concre-
tions, called pyrite suns, which are commonly up to 10 cm or more across, are found in the lowest 
few centimeters of the Anna Shale in coal mines near Sparta in southwestern Illinois. This area is the 
only known location where pyrite suns of this size have been found, suggesting that unusual geo-
chemical and/or depositional conditions led to their formation. The primary objective of this study 
was to evaluate the geochemical conditions at the time of Anna Shale deposition in the area where 
the pyrite suns formed.  

Four cores of the Anna Shale from Washington County, IL, along with several in-mine samples of 
the Anna roof shale and pyrite suns from the Prairie Eagle underground coal mine (Pinckneyville, 
IL), were collected for this study. Redox-sensitive trace elements (TE), C-S-Fe relationships, and TE 
– total organic carbon (TOC) relationships were used to evaluate paleo-redox conditions at the time 
of Anna Shale deposition. Paleo-redox conditions were cyclic and fluctuated between dysoxic and 
anoxic throughout deposition of the Anna Shale. Large amounts of organic matter were preserved 
during anoxic intervals with a maximum TOC of 37.0%, whereas relatively low amounts were pre-
served during dysoxic intervals, with a minimum of 2.2% TOC. Organic matter in the Anna Shale is 
composed primarily of micrinite, bituminite, and solid bitumen. The Anna Shale is a Type II kerogen 
with an average hydrogen index (HI) of 225 mg HC/g TOC and has excellent oil potential (typical 
S2 values ~10-150 mg HC/g). The shale has excellent source rock potential but is immature in south-
western Illinois with an average Tmax of 422°C.   

X-ray diffraction of the pyrite suns demonstrated that the concretions are composed entirely of pyrite. 
Concentrations of TE in the pyrite suns are below the detection limits of electron probe microanalysis 
(EPMA). A possible model for the formation of the pyrite discs includes influx of sulfate-bearing 
waters via large (1-2” diameter) burrows, organic matter decay, and bacterial sulfate reduction to 
allow pyrite formation.  
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Petrographical characterization, variations in chemistry, and  

palaeoenvironmental interpretation of Colombian coals 
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This study focuses on the petrographical characterization, variations in chemistry and paleoenviron-
mental interpretation of Colombian coals.  The selected coals are of different ranks and are used for 
different purposes. The formations that contain coal in Colombia occur in the age interval from the 
Maastrichtian in the Upper Cretaceous to the Paleogene and Neogene (Paleocene, Eocene, Oligocene, 
and Late Pliocene - Early Pleistocene).  In this study, polished blocks of coals were used for optical 
and micro - FTIR analyses, whereas samples of pulverized coal were used for bulk KBr FTIR anal-
yses. Petrographically, the analyzed coal is composed dominantly of macerals of the vitrinite group 
(>50 % by volume). Liptinite and inertinite groups are found in varying proportions. The coal facies 
diagrams suggest that palaeomires mostly accumulated under limno-telmatic conditions to wet forest 
swamp. Based on the ratio of microlithotypes, the environment of coal deposition suggests that the 
coals evolved under fluvial, brackish and upper deltaic control in the coal forming swamp. Coal pe-
trography suggests that peat-forming vegetation and water tables in palaeomires were changeable 
during the Upper Maastrichtian to Pliocene - early Pleistocene for the formation of Colombian coals.  
 
With regard to functional group characteristics, FTIR spectra of macerals look relatively similar qual-
itatively, being characterized by bands in the aromatic stretching region (3000 – 3100 cm-1), aliphatic 
stretching region (2800 – 3000 cm-1), aromatic carbon region (peak at 1620 cm-1), and aliphatic bend-
ing region (1350 - 1460 cm-1). Bands of smaller absorbance occur in the oxygenated group region 
(peak at 1705 cm-1) and aromatic out-of-plane region (700 - 900 cm-1).  Quantitatively, distribution 
of functional groups of the coal samples depends to large extent on coal rank. Specifically, with the 
increase in vitrinite reflectance (Ro), the contents of aliphatic functional group decrease whereas that 
of aromatic group increase. The values of CH2/CH3 ratios also decrease with increase in coal rank 
(2.20 in Boyacá and 0.96 in Cauca). Spectral differences between macerals are most distinct in the 
low rank coals (Ro of 0.48 %).    
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Study on meso and microporosity of Colombian coals of different ranks 
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Colombia is an important producer of coal in Latin America. The coalfields are distributed throughout 
the country from north to south. The Colombian coals are exported mainly to Europe and the United 
States, and the rest is used internally. The coal varies widely in rank and is used both for thermal and 
coking purposes.   
 
This study utilizes low - pressure N2 and CO2 gas adsorption porosimetry to investigate the evolution 
of micro and mesopores in a suite of 24 coal samples across a wide range of thermal maturity corre-
sponding to vitrinite reflectance Ro values from 0.40 to 2.20 %.  The physiochemical analyses show 
that the coal studied ranges from sub - bituminous to semi - anthracite.  
 
Petrographically, the analyzed coal is composed dominantly of macerals of the vitrinite group (>50 
% by volume). Liptinite and inertinite groups are found in varying proportions. The results indicate 
that the zones of Antioquia and Córdoba are characterized by higher proportions of liptinite (0-30 vol 
%). The inertinite contents vary between 0-30 vol % and the zones of Boyacá and Cundinamarca 
contain the highest quantities of this maceral group. 
 
With the increase in Ro, the average sizes of micro and meso pores decrease in Norte de Santander, 
Boyacá and Antioquia.  The results show that the BET specific surface area is within the range of 
0.09  ̴  5.01 m2/g and the BJH total pore volume for mesopores is 0.0004 ̴ 0.009cm3/g. The micropore 
specific surface area is within the range of 73 to 173 m2/g. and micropore volume is within the range 
of 0.0359  ̴  0.0637 cm3/g.  
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matter in some Colombian coals 
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Coal is a heterogeneous organic fuel of varied chemical composition, composed of organic macerals 
and mineral matter of different types. Organic matter is transformed during the coalification process 
primarily because temperature increase, determining the degree of transformation known as coal 
rank, which extends from peat to anthracite. High contents of mineral matter can cause environmental 
problems during the use of coal, as it produces residues such as fly ash and bottom ash with concen-
trations of pollutants. 

The aim of this study is to characterize mineral matter present in five coal samples with high ash 
content (>10%) from Boyacá, Cundinamarca, Caldas and Antioquia, in order to determine minerals 
and trace elements concentrations and evaluate if these components can cause environmental prob-
lems by using coal as an energy source. 

In order to achieve the separation of the inorganic fractions we used density solution 1.6g/cc of zinc 
chloride. The samples were characterized by traditional techniques following ASTM standards, such 
as the proximal analysis, petrography, X-ray diffraction (XRD), scanning electron microscopy 
(SEM), and plasma mass spectrometry (ICP-MS).  

The XRD analyses show that coal samples are composed of clay minerals (mainly kaolinite and lesser 
amounts of illite), quartz, and carbonate minerals. In some samples, pyrite and feldspars were also 
identified as minor phases. Additional components include sulfides such as pyrite, silicates such as 
quartz, and concentrations of Pb, Cd, Mo, Se and Hg, which would be components of environmental 
concern in Colombia. In turn, elevated concentrations of lithium, Ge and gallium could be of techno-
logical interest. 
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Back to basics: Does epoxy versus thermoset sample preparation really 
matter for thermal maturity estimations? 

Paul C. Hackley1 and Brian J. Cardott2 

1U.S. Geological Survey, 12201 Sunrise Valley Dr, MS 956, Reston, VA 20192, USA 
2Oklahoma Geological Survey, 100 E. Boyd St. Rm. N-131, Norman, OK 73019-0628, USA 

For sample mounting, organic petrology laboratories typically use cold-setting epoxy (e.g., 40°C, 
used by Oklahoma Geological Survey, OGS) or heat-setting plastic (e.g., 180°C, used by U.S. Geo-
logical Survey, USGS). Previous work (Marchioni, 1978, Geol. Survey Canada Paper 78-1C, 125-
126) compared reflectance of a rank suite of lignite to high volatile bituminous coal samples prepared 
in both thermoplastic powders and cold-setting resins. A systematic reflectance (%Ro) increase was 
found to range 0.015 to 0.05% Ro for thermoplastic over resin mounts, which was attributed to mois-
ture loss during thermoplastic mounting. However, thermoplastics have the advantages of faster prep-
aration times and no hazardous waste generation. So, in a debate over which is the better sample 
preparation approach, the USGS (Paul) and OGS (Brian) decided to test whether thermoset mounts 
showed systematic effects of heating compared to epoxy mounts.

We compared reflectances of six low maturity samples (those most likely to react to heating) mounted 
via both cold-setting epoxy and heat-setting thermoplastic. Samples included a peat, three lignite-
subbituminous coals, and two immature marine shales. Samples were prepared via ASTM D2797 
using epoxy (at both labs) and thermoset (at USGS, samples shared to OGS). Samples were analyzed 
for huminite/vitrinite reflectance via ASTM D2798 for coals and ASTM D7708 for shales. 

Reflectance results from both labs ranged from 0.19 to 0.60% Ro for all sample preparations. No 
systematic difference was observed between samples prepared via epoxy versus thermoset plastic. 
That is, for both labs the measured reflectance of a sample prepared by one mounting process was 
within the standard deviation of reflectance for the same sample prepared via the other process. More-
over, reflectance results were not systematically higher in thermoset mounts, with epoxy mounts 
showing higher Ro values than thermoset mounts for two samples in both labs. The average absolute 
difference between Ro for the same sample prepared via epoxy versus thermoset was 0.024%. 
Whereas, the average difference between laboratories for the same sample prepared by either process 
was 0.038%. 

Contrary to the results of Marchioni (1978), these results suggest thermoplastic mounting does not 
impact thermal maturity estimates from reflectance measurement. The results also indicate interla-
boratory variability impacts reproducibility to the extent that systematic differences could not be ob-
served between epoxy and cold-setting mounts, even if such differences were present. So, Paul wins 
the debate – Go with thermoset! 
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Biomass combustion process and pollution identification by petrographic methods 

Marta Jach – Nocoń 1,2, Iwona Jelonek1, Adam Nocoń1,2 

1Silesian University in Katowice, Faculty of Earth Science, Będzińska 60, 41-200 Sosnowiec, Poland 
2P.P.U.H. Zamech, ul. S. Staszica 171, 41-250 Czeladź, Poland 

 
With increasing environmental concerns, more and more interest are directed towards renewable energy 
sources. The basic sources of renewable energy used in Poland are the wind power industry and biomass. The 
biomass can be used in a solid form (timber, straw), after being converted to liquid (alcohol, bio-oil), or in a 
gas (biogas) form. As a renewable energy source for energy purposes, biomass can be divided into 6 groups 
(Vassilev et al 2010, 2012) 

1. Timber biomass (deciduous trees, coniferous trees, angiosperms, soft or hard, stems, bark, branches, wood-
chips, nuggets, pellets, briquettes, and sawdust). 

2. Perennial and agricultural biomass (grass and flowers – lucerne and miscanthus; straw – barley, corn, and 
oat; stems – beans, sunflower and tobacco; fibres – coconut and flax; shells – almond and nuts; seeds – 
apricots and olives). 

3. Water biomass - seawater or freshwater, macro- or microalgae.  
4. Waste biomass of animal and human origin (bones, poultry mulch, manure and meal). 
5. Contaminated biomass and industrial biomass (municipal waste, timber from demolition and sewage 

sludge). 
6. Mixed biomass. 

Previously organic petrographic methods were used mainly on fossil fuels. More recently we have tested these 
techniques on wood pellet mixtures. We have applied this analysis to detect undesirable inclusions in wood 
pellets (certified EN plus/ Din plus). The biggest consumption and production of wood pellets are in the Eu-
ropean Union; according to the European Biomass Association’s report from 2018, 24.1 mln Mg of timber 
pellet was consumed in EU–28 in 2017. The presented analysis, typically applied to fossil fuels, is precise and 
reproducible, which makes it possible to be transferred to biomass. This presentation discusses an application 
of a petrographic method to assess the degree of pollution in the biomass (Jelonek, 2019), which is commonly 
available renewable organic matter. Application of organic petrography methods to study biomass combustion 
processes also evaluated. 
 
Iwona Jelonek, Zbigniew Jelonek, 2019: Iwona & Zbigniew Jelonek Index of photos for comparative identification of solid contami-
nants found in charcoal and briquettes from charcoal by optical microscopy. p. 61, ISBN 978-83-8155-888-4. 
 
Vassilev, S. V., Baxter, D., Andersen, L. K., and Vassileva., C. G., 2010. “An Overview of the Chemical Composition of Biomass.” 
Fuel 89 (5). Elsevier Ltd: 913–33. doi:10.1016/j.fuel.2009.10.022. 
 
Vassilev, S. V., Baxter, D., Andersen, L. K., and Vassileva., C. G., 2012. “An overview of the chemical composition of biomas” Fuel 
94, s. 1-33. 
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The Baruunnaran coal deposit, southern Mongolia 
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The Baruunnaran coal deposit is situated in southern Mongolia, in the southeast part of Central Asian 
Orogenic Belt (Jahn et al., 2000). The deposit occurs in the south Gobi basin, and belongs to the 
Tavantolgoi coal-bearing zone contained within the middle Permian coal-bearing Tavantolgoi For-
mation (Bat-Erdene, 1989). The Tavantolgoi Formation is distributed widely in Ulaannuur basin, and 
hosts 17 coal seams.  
 
Thirty four coal samples were collected from III and IX, IXG coal seams. The coal seam III outcrops 
in the west open pit, whereas IX, IXG coal seams are outcropped in the central open pit of the Ba-
ruunnaran coal deposit.  
 
The coals of Baruunnaran deposit are characterized by the predominance of banded coal and rarely 
banded bright and banded dull coal. The results show that the coals of III and IX coal seams are 
equally rich in vitrinite (48.3-70.6 %, 46.9-79.6 % mmf basis) and inertinite (13.6-39.3%, 18.9-47.5% 
mmf basis). The liptinite contents are lower in III and IX coal seams than coals of IXG coal seam, 
and range from 1.2 to 8.6 % (mmf basis) and from 3.6 to 14.7 % (mmf basis) respectively. The 
vitrinite (59.7-80.9 % mmf basis) concentration is high in coals of IXG seam, similar to coals of the 
other seams, but concentration of inertinite (11.6-25.3 % mmf basis) is a bit lower and liptinite (3.1-
18.2 % mmf basis) concentration is higher than coals of III and IX seams. The coals of III and IX, 
IXG seams contain moderate concentration of mineral matter which ranges from 1.5 % to 17.5 %.  
 
The coals are characterized by low moisture (0.8 % to 2.07 %, ad basis) and moderately high of 
volatile matter content (26.89 % to 40.79 % daf basis). Ash content ranges from 3.81 % to 17.3 % 
(ad basis) in coals of seam IX. The coals of III and IXG seams show similar content of ash amounts 
(10.44 % to 26.97 % ad basis).        

The vitrinite reflectance (Rr %) values of 0.74 % to 0.89 % suggest that the coals of the IX and IXG 
seams are high volatile A bituminous in rank. The coals of seam III have higher vitrinite reflectance 
values from 0.93 % to 1.23 % than other coals, which are classified high volatile A bituminous to 
medium volatile bituminous in rank.    
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A comparative study of Jurassic Datta Shale of the Upper Indus Basin, Pakistan and gas shale 

of the Permian Murteree Shale in the Cooper Basin, Australia 
 

               Noor Wali Khana, and Quaid Khan Jadoonb   
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bDepartment of Geosciences, College of Science, Technology & Engineering,  
James Cook University, Townsville, Queensland 4811, Australia 

 

The production and utilization of shale gas in North America over the last 20 years has great bearing 
on the oil and gas industry. However, outside the North America, these unconventional plays remain 
largely untapped. This paper discusses efforts made in Cooper Basin Australia and Potwar Sub-basin 
Pakistan on the geochemistry of Shale oil & gas. A comparative study, based on geochemical and 
organic petrography techniques was conducted to investigate organic matter in Permian Murteree 
shale of the Cooper Basin, Australia and Jurassic Datta shale of the Upper Indus basin, Pakistan. 21 
wells cutting from Murteree (Permian) were evaluated. Vitrinite reflectance (VR) values for the Mur-
teree shale range between 1.17% and 2.00%. Macerals show systematic changes in properties accord-
ing to rank. Maceral compositions, prevailed by vitrinite group macerals, were observed, which vary 
between rich and very rich in organic content. Pyrolysis data depict fair to very good kerogen quality 
and genetic potential in the shales belongs to kerogen types II, III, and IV, indicating a dominantly 
gas-prone source. Thermal maturity analysis using Tmax and VR demonstrate that organic contents in 
the Permian Murteree shale ranges from immature to mature.  

On the other hand, Datta shale (Jurassic) in Potwar region Upper Indus basin, Pakistan was investi-
gated for its source rock potential. TOC % of 13 samples from different wells ranges 0.82-2.76%. 
The Rock Eval shows that the rocks are marginally mature close to onset of oil window, Tmax ranges 
from 306-446 in some selected samples. This fact is supported by VR (0.60 to 0.93 %). Vitrinite is 
the major maceral, inertinite is the second maceral while liptinite is the third maceral. The geochem-
ical study indicates that Datta Shale (Jurassic) in this region is very important and may act as a po-
tential source rock. Through a comparative study of the pyrolysis data and maceral characteristics of 
different shales and their kerogens, we conclude that the Murteree shale has gas potential capacity 
while, the Datta shale in Pakistan has oil potential. 
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Dynamic failure can be defined as the catastrophic failure of rock and debris in an underground mine setting. A com-
prehensive understanding of the factors driving dynamic failures in the underground coal mine setting has not yet been 
achieved. True predictive capacity cannot be developed until all contributing factors are clearly demarcated. This is 
perhaps especially true with respect to geologically induced risk, which, by nature, is more difficult to identify and 
control. Moreover, evidence suggests that the term “dynamic failure” may serve as a catchall for several distinct cate-
gories of catastrophic failure, and these appear to be closely linked to unique sets of geologic risk factors.  

Developing consistent terminology to describe unique event categories is an important first step in being able to discuss 
them in a meaningful way. A preliminary classification system for dynamic failure events has been devised based on 
physical characteristics of failure and mechanism. This scheme was applied to reportable dynamic failure events in 
the Uinta and Piceance Creek Basins of Utah and Colorado. Event classification is considered within the context of 
regional and local geology, to help better understand differences in risk factors between these two areas. 

Results indicate significant differences in event occurrence in underground mines in the two study areas. While the 
dominant factor in both study sites is overburden load, secondary factors differ significantly between the two basins; 
abrupt failure of overlying strata is a dominant factor in the Uinta basin, whereas gas pressure is a notable contributing 
factor in the Piceance Creek basin. These differences can be related to rates of basin subsidence and differences in the 
thermal histories and thermal maturity. 

• Variable subsidence due to tectonic activity resulted in differences accommodation space. The Uinta basin sub-
sided more quickly relative to the Piceance Creek basin.  Coals of the Uinta Basin are associated with coastal plain 
and deltaic facies of the Upper Cretaceous Mesaverde Group, with thick sandstone units overlying the coals. 
Greater accommodation space may have led to thicker accumulations of stiff strata, accounting for the dominance 
of strata failure related events in this basin. The Piceance Creek basin, by contrast, subsided more slowly and, 
being close to the shoreline, was subject to more frequent transgressive/regressive episodes during early sedimen-
tation, resulting in interlayered packages of coarse and fine-grained sediments. 

  
• Thermal maturity of the two basins also differ. Vitrinitie reflectance values in the Uinta Basin range from as low 

as 0.30% to 0.70%, placing the rocks the with the oil window and below. Gas generation from coal is not expected 
at this maturity. The coals of the Piceance Creek Basin range in rank from subbituminous to semianthracite. In-
crease in rank with burial depth suggests the burial related geothermal gradient has the dominant control over the 
coal rank.  Large gas volumes were generated from the coal under maximum burial conditions, before the basin 
experienced regional uplift, erosion, and resultant decrease in geothermal gradient within the stratigraphic section. 
Presence of this gas in microporous structure of high rank coal explains contributes to gas release upon mining.  
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Molecular weight distribution analysis of kerogen using MALDI-TOF and FTIR 
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Kerogen is an amorphous organic matter (AOM) abundant in unconventional shale plays and source 
rocks which produces petroleum and byproducts when subjected to pressure and temperature (ther-
mal maturity). There have been many investigations to probe the molecular characteristics of kerogen 
based on its biogenic origin, depositional environment, and thermal maturity using different analyti-
cal methods, its molecular structure is still not fully known in this study, programmed pyrolysis and 
organic petrology was used to screen bulk rock aliquots from the Bakken Shale source rock to sepa-
rate samples with varying thermal maturities. Organic matter was isolated from the mineral matrix 
and then a mass spectrometry method was utilized to quantify molecular weight distribution (MWD) 
of four different maturity kerogens. Furthermore, to complement mass spectrometry, Fourier Trans-
form Infrared (FTIR) was employed as a qualitative chemical and structural investigation technique. 
The MWD of four samples was obtained by matrix-assisted laser desorption/ionization time-of-flight 
(MALDI-TOF) mass spectrometry while these data were correlated with the structural indices 
(CH3/CH2 ratio and aromaticity) calculated from the FTIR spectroscopy using attenuated total reflec-
tance (ATR) method. The results showed that when the degree of maturity increases, the aliphatic 
length shortens, and the branching develops, as well as the aromatic structure becomes more abun-
dant. Moreover, based on the MWD results, higher maturity kerogen samples would consist of larger 
size fragment structures which are more developed aromatic and aliphatic branching stretches. The 
combination of infrared spectroscopy (AFT-FTIR) and mass spectrometry (MALDI-TOF) provided 
MWD variations in kerogen samples as a function of maturity based on varying structural indices. 
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The chemical structure evolution during coal pyrolysis studied by FTIR and Py-GC 

 
Wu Li, Yan-ming Zhu, and Yang Wang 
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(China University of Mining and Technology), Xuzhou 221116, P. R China 

 

The molecular composition of organic matter formed during pyrolysis is complex. The chemical 
structure evolution can be simulated using Fourier transform infrared spectroscopy (FTIR). How-
ever, discussions about the effects of chemical structure on the n-alkane yields and their relative 
functional groups are rather scarce. In this study, the chemical structure evolution of subbituminous 
coal obtained by pyrolysis at two different heating rates was investigated using FTIR and Pyrolysis- 
Gas Chromatography (Py-GC). Further, some of the small molecular compounds were identified 
by other GC techniques. By comparison with the biomarker analysis, the characterisation of the 
generated n-alkanes from the gold-tube pyrolysis experiments and the relationship between the FTIR 
parameters and the molecular composition were analysed. There was a good linear relationship 
between the FTIR parameters (C=O, C=C, and C-factor values), the carbon preference index (CPI), 
and the Pr/n-C17. Furthermore, the n-alkane fraction of the pyrolysates, in particular the pristane, 
phytane, n-C17, and n-C18 changed upon maturation. These results indicate that FTIR can be appli-
cable as a chemical and structural change probe to explore the pyrolysis process. 
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Modified open-system hydrous pyrolysis 
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This proof-of-concept study combines classic hydrous pyrolysis with a modified version of open-
system hydrous pyrolysis (OSHP), in which the design of the apparatus allows for a small, continuous 
flow of only liquid-phase water to pass through the reactor during artificial maturation. This allows 
volatile, liquid, and soluble materials to migrate freely through and out of the system, whereas insol-
uble mineral matter and kerogen remain within the reactor. This apparatus differs from previous 
OSHP designs in the ability to maintain true open-system conditions in order to facilitate a change in 
mass balance. 

Using the OSHP apparatus, immature Anna Shale (a Type II shale of Pennsylvanian age, Illinois 
Basin) was matured artificially at experimental temperatures ranging from 300 to 360℃ for up to 72 
hours. These conditions resulted in increases in random vitrinite reflectance from 0.47 to 1.83% and 
Tmax from 425 to 520℃, indicating the immature shale was matured through the oil window and into 
the gas window. With increased maturity, the shale exhibited a loss in mass of ~20%, likely due to 
the liberation of hydrocarbons and the depletion in sulfur from 2.03 to ~0.1 wt. %. Petrographic 
observations revealed that pyritic framboids, which were abundant in the immature shale, decreased 
in samples pyrolyzed at temperatures >330°C, and also showed evidence of alteration. 

Petrographically, the Anna Shale is dominated by a micrinitic groundmass, but also contains vitrinite, 
inertodetrinite, solid bitumen, and alginite. In addition to the increase in vitrinite reflectance, with 
increased maturation alginite fluorescence changed from a bright yellow to dull red-orange and de-
creased in intensity until all fluorescence was lost in those shales pyrolyzed at 350°C. 

The OSHP design was intended to mimic normal burial maturation. However, based on the signifi-
cant depletion of sulfur (i.e., pyrite), the current design and run parameters may more closely replicate 
the extreme heating conditions associated with intrusion of organic-rich rocks. 
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Post-well stimulation allocation of commingled production using geochemical fingerprinting 
techniques in unconventional reservoirs: A review of methods, and a case study of the Montney 

Formation, Western Canadian Sedimentary Basin, Alberta, Canada 

Seare Ocubalidet, Humberto Carvajal Ortiz, and Thomas Gentzis 

Reservoir Geology Group, Core Laboratories, 6316 Windfern Road, Houston, TX 77040, USA 

The methods used in allocating commingled production in conventional reservoirs are similar to those 
that are effective in performing the same task on unconventional reservoirs. However, the protocols 
to follow can vary a great deal.  The presence of distinct end-members in the former allow the use of 
the method of production allocation using: a) peak height ratios and mixing curves (Kaufman et al., 
1990; Hwang et al., 2000) by comparing high-resolution gas chromatographic (HRGC) fingerprints 
of the commingled oil with that of its two end-member oils and a 50:50 artificial mixture of the two 
end-member oils, and b) using linear regression of peak heights (McCaffrey et al., 1996), which 
involves comparison of GC peak heights of the end-member oils and the commingled oil using linear 
regression and matrix algebra.   Due to the possible contribution from multiple intervals in the same 
formation or even from different formations as in the case of stimulated (fracture stimulated) uncon-
ventional reservoirs, the combined application of two methodologies, one suggested by McCaffrey 
et al. (2016) and another by Jweda et al. (2017), seem to work the best. According to these methods, 
the quantity of selected compounds from a series of samples presumed to represent the end-members 
are compared via their HRGC oil fingerprint. The contribution from each sample is then determined 
by using an algebraic solution of simultaneous linear equations. The method by Jweda et al. (2017) 
also included comparison of saturate and aromatic GC-MS oil fingerprints, API gravities, MPLC, 
and whole as well as saturate/aromatic isotopes.   

The aforementioned method for unconventional resources is demonstrated in a case study of produc-
tion allocation that was performed on eleven produced oils from two separate wells, “A” and “B”, 
located in the Western Canadian Sedimentary Basin, Alberta, Canada. A total of 12 and 13 core 
extracts representing different horizons of the Montney Formation from well “A” and “B”, respec-
tively, were used. Rigorous filters and Principal Component Analysis were applied to identify any 
clustering or variation between the samples representing possible contributor layers and the commin-
gled oil. The fingerprint of 45 selected compounds was qualitatively compared and peak ratios se-
lected using a software, their quantity in each of the rock extracts was compared, and the contribution 
from each horizon was eventually determined.  

Allocation results from the two methods are compared within each other, and with other observations 
(such as GC trace patterns) for consistency. The sample case demonstrates that a combined approach 
that accounts for the entire fingerprint (including GC and biomarker parameters) produces the best 
results and minimizes uncertainty. 
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Organic matter preservation in Paleocene rocks in McKinney Roughs Nature Park:  

New insights into ancient wetland ecosystems 
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The Hooper Formation is the basal until of the Wilcox Group as exposed onshore in central Texas. 
This formation contains a marine trace fossil assemblage and was likely deposited in a tide-dominated 
shelf to near shore fluvially-influenced environment. Though not known for thick coal deposits, the 
Hooper Formation contains thin and discontinuous coal deposits coincident with exuding oil in the 
area of McKinney Roughs State Park. The late Danian – end Thanetian Wilcox Group is a major 
reservoir unit in the Gulf of Mexico and coal resource onshore. The coal in the Hooper Formation 
was deposited around the time of the hyperthermal event known as the “Latest Danian Event” (LDE; 
~62MA), based on a newly obtained radiometric age date for a tonstein preserved in the coal. The 
focus of this study is the organic petrography of the Hooper Formation, exposed in McKinney Roughs 
Nature Park, Bastrop County Texas. 

The Hooper Formation in the study area contains a single coal seam developed above a shallow ma-
rine sand bed exhibiting abundant crayfish towers, indicating a transition to freshwater conditions. 
The Hooper coal ranges from 1.25 to 2-m thick in the study area and is exposed at an elevation of ca. 
152.4 m. The coal is divided into thirds by two splits, the lowermost being the tonstein, and the upper 
being a grey siliciclastic parting. Beyond the two distinctive splits, the Hooper coal is highly variable. 
In complete exposures, a lightening upward cycle is clearly visible from the base of the coal to ap-
proximately 25 cm above the tonstein; a second is present above this point to the siliciclastic parting 
in the Nick’s Pit and Riverside Trail exposures, but this is vague at the MoSU Ridge exposure. The 
coal is brown to black in color and contains variable amounts of clay, with the exposure at MoSU 
Ridge best termed a carbonaceous mudstone. The coal is inertinite dominated at the base and becomes 
increasingly attrinitic up to the tonstein, at which point it becomes liptinite dominated until the second 
cycle begins with abundant charcoal. The maceral successions are mirrored by a palynological tran-
sition from emergent aquatics with abundant algal forms, to taxodiaceous pollen and NPPs. The upper 
parting is dominated by elm pollen and extinct Spinaepollis (Sernapollenites) as well as testate amoe-
bae. Both lines of evidence are consistent with a shallow rheotrophic mire rimmed with fire-prone 
emergent vegetation, bald cypress trees, and surrounded by wet forests. 
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Spectral fluorescence of liptinite macerals in the Lower Kittanning Coal:  

Effects of rank and maceral type 
 

Kailey M. Seaman and Susan M. Rimmer 
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Spectral fluorescence of liptinitic macerals can be used to assess the thermal maturity of coals and 
shales, and is often used in conjunction with vitrinite reflectance. Previous work on the Lower Kit-
tanning Coal (Pennsylvanian) has demonstrated two or more populations of sporinite based on fluo-
rescence spectral parameters.  Such variations should be taken into consideration when spectral prop-
erties are used as a rank parameter. The current study extends this work to an assessment of differ-
ences in fluorescence between different liptinite macerals in this coal. 

The specific objectives of this study were to compare the spectral florescence properties of sporinite, 
cutinite, and resinite with increasing rank within the Lower Kittanning Coal. This included establish-
ing the average λmax wavelength, relative λmax intensity, and Q (relative intensity at 650 nm/relative 
intensity at 500 nm) for sporinite, cutinite, and resinite for a suite of 8 samples over a vitrinite reflec-
tance (Rmax, % in oil) range of 0.5–1.2%.  Samples were analyzed using a Leica DM2500P micro-
scope equipped with a 50x air objective, a Prior Lumen 200 metal halide fluorescence source, and 
J&M Analytic TIDAS hardware and software.  Spectra were processed and evaluated using Panorama 
software. 

Across this rank range, λmax increases from 567–642 nm for sporinite, 570–662 nm for cutinite, and 
553–616 nm for resinite. Overall, resinite has a higher average relative λmax intensity, and slightly 
lower λmax wavelength and Q than sporinite or cutinite. In addition to rank, other factors contributing 
to differences in spectral fluorescence properties within liptinite macerals may include changes in 
depositional environment, changes in plant precursors, and the presence of multiple populations of 
individual macerals. Understanding the variables in spectral fluorescence properties of liptinite mac-
erals can improve assessments of maturation for coals and source rocks.  
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Petrographic study of furnace wastes from individual heating 
devices using separation techniques 
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Petrographic and physicochemical researches of furnace wastes from individual heating devices in-
dicate the presence of various types of pollutants from the combustion of municipal waste such as 
plastics, glass and metals. Intentional or accidental use of waste materials in the combustion process 
affects the quality of the air and exposes the user to legal consequences. 

The furnace wastes obtained from end users of individual heating devices suspected of thermal waste 
treatment have been a subject of this study. Testing samples have been obtained by entities responsi-
ble for conducting control activities. The waste samples have been separated into fractions in ethyl 
alcohol (density 0.789 g/cm3), water (density 0.997 g/cm3) and aqueous sodium chloride (density 
1.20 g/cm3). Individual fractions have been prepared for petrographic studies. 

The process of separating furnace waste samples allows for compacting non-combusted residues as-
sociated with municipal waste, mainly plastics, which have passed to the furnace waste fraction. The 
highest concentration of light plastics has been observed after the enrichment process in ethanol. 

The use of the separated - concentration technique affects the accuracy of the petrographic method 
by increasing the confidence in making decisions related to legal regulations established in the Euro-
pean Union countries. 
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The cause of gas saturation in the coals and the carbonaceous mudstones of the Cherokee  
Formation (Desmoinesian Age) in the Cherokee and Forest City basins, Mid-Continent, USA 

Steven A. Tedesco 

Running Foxes Petroleum Inc., 14550 East Easter Ave., Ste 200, Centennial, CO 80015, USA 

The cause of significant gas saturation in the Atokan and Desmoinesian Pennsylvanian age coals and 
carbonaceous shales of the Cherokee Group in the Cherokee and Forest City basins, Mid-Continent, 
USA, have generally not been well understood. Certain coals and carbonaceous mudstones are gas 
productive whereas others within the Cherokee Formation are not. The Cherokee and Forest City 
basins are shallow intracratonic depressions that are sub-basins of the Pennsylvanian age Western 
Interior Basin. The coals within these basins vary from Medium Vol (south side of the Cherokee 
Basin) to High Vol B (northern Kansas and Missouri and Iowa) in rank. The coals are relatively low 
in vitrinite content (47% to 83%, average 73%), high in sulfur (2% to 6.2%), dull to bright, blocky to 
friable, high in ash (17.2% to 34.6%).  The carbonaceous mudstones typically have an average of 
11% TOC.  The coals and carbonaceous mudstones in both basins were partially or completely sub-
ject to thermal maturation caused by migrating low temperature hydrothermal fluids expelled from 
the Anadarko, Ardmore and Arkoma basins to the south that flowed north through the Cherokee and 
Forest City basins in late Carboniferous times. These fluids thermally altered the carbonaceous shales 
and coals within select areas of both basins causing significant gas and possibly oil generation. The 
gas productive seams and mudstone have higher sulfur content than the coals that are not gas produc-
tive coals. The Riverton, Rowe, Weir-Pittsburg and Mulky coals and the Excello carbonaceous mud-
stone are the primarily gas productive reservoirs in the Cherokee Basin. Only the Riverton coals in 
the Forest City Basin are gas productive. The area of primary production from unconventional reser-
voirs in the Cherokee Basin is situated over the Silurian-Devonian age Chautauqua Arch which rep-
resents a thin Paleozoic rock section. The coalbed methane production in the Forest City Basin is 
related to a localized intrusion(s) in the Leavenworth and Jefferson county area. Identifying the rela-
tionship between sulfur contents, sedimentary, structural and timing of fluid migration events for 
unconventional reservoirs provides an exploration model that can be useful in identifying potential 
coalbed methane productive areas.   
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Variations of organic matter transformation in response to hydrothermal fluids: 
Example from Indiana part of the Illinois Basin 
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USA; fEarth and Environmental Sciences, Wright State University, Dayton, OH 45435, USA 

Thermal maturation of organic matter in sedimentary rocks is a complex process controlled by mul-
tiple parameters. In this study, we examined thermal history of one location in the Indiana part of the 
Illinois Basin. A total of 21 samples spanning the time interval from the Ordovician to the Mississip-
pian were selected from one borehole for maturity assessment and chemical structure characterization 
of vitrinite, solid bitumen, and alginite. The reflectance of vitrinite (VRo) reveals erratic variations 
from 0.61 % to 1.18 %. Solid bitumen reflectance (SBRo), ranging from 0.43 % to 0.92 %, is slightly 
lower than VRo across this maturity range. In addition to documenting reflectance variations with 
depth, variations within single organic matter particles were measured in the Upper Devonian New 
Albany Shale and Upper Ordovician Maquoketa Shale samples; these samples contained more or-
ganic matter than the samples of other stratigraphic units. SBRo shows significant variations within 
a single solid bitumen particle with a difference up to 0.81 %. An increase in temperature with depth 
of burial is certainly the key factor in controlling the thermal transformation of organic matter in 
sedimentary rocks. However, it is apparent that such a simple mechanism does not explain the strat-
igraphic variations of VRo throughout the core and reflectance variations within individual solid bi-
tumen and alginite particles. We suggest that the flow of hydrothermal fluids through the New Albany 
and Maquoketa Shale caused the observed thermal maturity anomaly. High concentrations of chlo-
rine, vanadium, chromium, and zinc also suggest that the organic matter transformation was enhanced 
by the flow of hydrothermal fluids in the study area.  
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Effect of depositional sequences on the enrichment of Chang 7 Shale organic matter 

Tianshu Zhang, Bin Bai, Shizhen Tao, Yanyan Chen, and Senhu Lin
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Haidian District, Beijing, China 

The Chang 7 Shale is an organic-matter-rich formation of Upper Triassic age in the Ordos Basin of 
China. The lacustrine transgressive shale has a thickness from 20 to 100 m and depth less than 3500 
m in the central part of the basin. The rocks are characterized by black organic-matter-rich shale, and 
siltstone. The shale has organic carbon contents that range from approximately 0.5 to 20 %, with the 
average of 14 % and a thermal maturity range (Ro) from 0.7-1.2 %. The Chang 7 Shale has become 
a promising target of shale oil. However, the organic matter content and composition has strong het-
erogeneity and the formation of the organic-matter-rich shale is still a controversial issue.  

This paper illustrates the effect of sequence stratigraphy and sedimentary environments on enrich-
ment of organic matter in order to evaluate and predict favorable source rocks. Detailed information 
has been acquired through the observation of cores and thin sections of 311 samples from two wells. 
An application of geochemistry has been developed into analyzing sequences, sedimentary environ-
ments and organic matter. The main conclusions are as follows. First, the Chang 7 Shale which de-
posited in the transition stage from the transgression to the regression comprises three parasequence 
sets with seven parasequences. Second, the Chang 7 Shale underwent three main fluctuations of lake 
level and the climatic change from warm and moist weather to a hot and dry one. Third, three types 
of shale (homogeneous, disturbed-bedded and silt laminae-rich) have been identified, one of which 
is the disturbed-bedded shale with the highest organic carbon contents and alginite as the dominate 
component. Finally, organic matter enriches in the transition stages of lake level changes in the vi-
cinity of parasequence boundaries. This paper is of guiding significance for the next source rock 
evaluation. 
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Study on reservoir properties and critical depth in 
deep coal seams in Qinshui Basin, China 

Guiqiang Zheng1, Xiaoming Li1, Huiqing Lian1, Zhejun Pan2 

1School of Safety Engineering, North China Institute of Science and Technology, Langfang, 065201, P.R. 
China; 2CSIRO Earth Science and Resource Engineering, Clayton South, Victoria 3169, Australia  

Coalbed methane (CBM) reservoir properties and relationship of properties with burial depth were 
studied based on the data derived from 204 deep CBM production wells in Qinshui Basin, China. 
Through the study, it is found that permeability and porosity decrease with the increase of burial 
depth and the decreasing trend shows step-change characteristics at a critical burial depth. Gas con-
tent, geo-stress and geo-temperature increase with the increase of burial depth and the increasing 
trend shows step-change characteristics and also have divisional characteristics at certain burial 
depth. Based on the previous study on the reservoir properties changes with burial depth, three series 
of critical depth using different parameters are obtained through simulating the critical depth using 
BP neural network method. It is found that the critical depth is different when using different param-
eters. Combined the previous study with the normalization of three different parameter types. The 
critical depth in Qinshui Basin was defined as follows: shallow coal seam - lower than 650m, transi-
tion -650-1,000 m, while deep coal seam is deeper than 1,000m. In deep coal seams, the 
geological conditions and recovery becomes poor so it can be defined as unfavorable zones. 
Therefore, other development means, for example CO2 injection, need to be used to accelerate the 
deep coal methane development.    
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