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SOCIETY HISTORY 
 

The Clay Minerals Society began as the Clay Mineral Committee of the National Academy of 
Sciences-National Research Council in 1952, in response to the need for a formal way to hold 
national clay conferences. By 1962, the Clay Minerals Committee had become strong enough to 
stand on its own, and The Clay Minerals Society was incorporated. From 1952 to 1964, 
proceedings of the annual conference were published. The journal Clays and Clay Minerals was 
first published in 1964. The primary purpose of The Clay Minerals Society is to stimulate 
research and to disseminate information relating to all aspects of clay science and technology. 
Through its conferences and publications, the Society offers individuals a means of following the 
many-sided growth of the clay sciences and of meeting fellow scientists with widely different 
backgrounds and interests. The primary activities of The Clay Minerals Society consist of 
publication of the bimonthly journal Clays and Clay Minerals, organization of the annual 
meeting, workshop, and field trips, awarding student research and travel grants, publication of a 
workshop lecture series, slide sets, and special publications, the providing of clays for research 
purposes through the Source Clays Repository, and publication of the society newsletter in the 
bimonthly Elements. Various committees within the Society deal also with such matters as 
regulatory issues, Eastern European liaison, and nomenclature. The Society also maintains a list 
server dedicated to increasing world-wide communications pertaining to clay minerals. The 
membership of The Clay Minerals Society is a diverse group because the study of clay touches 
upon so many fields. Members include clay mineralogists, crystallographers, physicists, 
chemists, geochemists, soil scientists, agronomists, ceramic scientists, civil engineers, petroleum 
geologists and engineers, and industrial scientists in fields involving products ranging from 
catalysts to cat litter. The Society has about one thousand members, a third of whom represent 
countries outside the United States. Awards given by the Society include the Marilyn and 
Sturges W. Bailey Award, the George W. Brindley Lecture, the Pioneer in Clay Science Lecture, 
and the Marion L. and Chrystie M. Jackson Mid-Career Clay Scientist Award. Awards are also 
presented for student papers and posters at the annual conference. Student research grants 
totaling $10,000 per year are awarded.  
 
The CMS Workshop Lectures Series includes: Methods For Study of Microbe Mineral 
Interactions, Clay-based Polymer Nano-composites (CPN), Carbon Stabilization by Clays in the 
environment:  Process and Characterization Methods, Electrochemical Properties of Clays, 
Teaching Clay Science, Molecular Modeling of Clays and Mineral Surfaces, The Application of 
Vibrational Spectroscopy to Clay Minerals and Layered Double Hydroxides, Layer Charge 
Characteristics of 2:1 Silicate Clay Minerals, Scanning Probe Microscopy of Clay Minerals, 
Organic Pollutants in the Environment, Synchrotron X-ray Methods in Clay Science, Electron 
Optical Methods in Clays, Thermal Analysis in Clay Science, Clay-Water Interface and its 
Rheological Implications, and Computer Applications to X-ray Powder Diffraction of Clay 
Minerals. 

www.clays.org 
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2011 Sustaining Members, Patrons and Benefactors of the 
Clay Minerals Society 

 
 
 
Benefactors 
 
Chevron Energy Technology Company (ETC) 
ExxonMobil Upstream Research Company 
 
 
Patrons 
 
Andrew R. Thomas 
H.H. Murray and Associates 
 
 
Individual Sustaining Members 
 
John D. Bloch 
Carl J. Bowser 
Richard K.Brown 
Michael L. Cummings 
Randal T. Cygan 
Will P. Gates 
J. Reed Glasmann 
Stephen Guggenheim 
Wayne H. Hudnall 
Blair F. Jones 
Rober H. Lander 
Andrew R. Thomas 
Kenneth M. Towe 
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AWARDS 
 

MARILYN AND STURGES W. BAILEY DISTINGUISHED MEMBER AWARD  
 
The Marilyn and Sturges W. Bailey Award, the highest honor of The Clay Minerals Society, is 
awarded solely for scientific eminence in clay mineralogy (in its broadest sense) as evidenced by 
the publication of outstanding original scientific research and by the impact of this research on 
the clay sciences. This Award replaces the Society's Distinguished Member Award and is not 
restricted to members of the Society.  
 
 
Distinguished Members  
1968 - Ralph E. Grim 
1969 - C. S. Ross 
1970 - Paul F. Kerr 
1971 - Walter D. Keller 
1972 - G. W. Brindley 
1975 - Sturges W. Bailey 
1975 - William F. Bradley 
1975 - Jose J. Fripiat 
1977 - M. L. Jackson 
1979 - Toshio Sudo 
1980 – Haydn H. Murray 
1984 - C. Edmund 
1985 - Charles E. Weaver 
1988 - Max M. Mortland 
1989 - R. C. Reynolds, Jr. 
1990 - Joe L. White 
1990 - John Hower 
1991 - Joe B. Dixon  

 
 
 
1992 - Philip F. Low  
1993 - Thomas J. Pinnavaia  
1995 - W. D. Johns  
1996 - Victor A. Drits  
1997 - Udo Schwertmann  
1998 - Brij L. Sawhney  
Bailey Distinguished Members  
2000 - Boris Zvyagin  
2001 - Keith Norrish Marshall  
2002 - Gerhard Lagaly  
2004 - Benny K. G. Theng  
2005 - M. Jeff Wilson  
2006 - Frederick J. Wicks  
2008 - Norbert Clauer  
2009 - Joseph W. Stucki 
2010 – J.M. Serratosa  
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MARION L. AND CHRYSTIE M. JACKSON MID-CAREER CLAY SCIENTIST 
AWARD  
 
The Marion L. and Chrystie M. Jackson Mid-Career Clay Scientist Award recognizes a mid-
career scientist for excellence in the contribution of new knowledge to clay minerals science 
through original and scholarly research. The honoree must be within the ages of 39 and 60. 
 
Jackson Awardees  
1992 - Joseph W. Stucki  
1993 - Jan Srodon  
1994 - Stephen Guggenheim  
1995 - David L. Bish  
1996 - Darrell G. Schulze  
1997 - Jerry M. Bigham  
1998 - Murray McBride  
1999 - Stephen Boyd  
2000 - Jillian Banfield  

 
2001 - Cliff T. Johnston  
2002 - Sridhar Komarneni  
2003 - Peter Komadel  
2004 - Fred J. Longstaffe  
2005 - Samuel J. Traina  
2006 - J. Theo Kloprogge  
2007 - Paul A. Schroeder  
2008 - Hailiang Dong  
2009 - Lynda B.Williams 
2010 – Toshihiro Kogure 
 

GEORGE W. BRINDLEY LECTURE AWARD 
 
The G. W. Brindley Lecture Award recognizes an outstanding clay scientist, someone who is 
both a dynamic speaker and involved in innovative research, and charges the recipient to deliver 
a lecture that will infuse The Clay Minerals Society with new ideas. The speaker is challenged to 
deliver a lecture that Brindley himself would applaud.  
 
Brindley Lecturers  
1984 - Walter Keller  
1985 - J. J. Fripiat  
1986 - Ralph E. Grim  
1987 - S. W. Bailey  
1988 - M. L. Jackson  
1989 - W. D. Johns  
1990 - Alain Baronnet  
1991 - Thomas J. Pinnavaia  
1992 - Philip Low  
1993 - Dennis D. Eberl  
1994 - R. C. Reynolds, Jr. 
1995 - Gerhard Lagaly  
 
 

 
 
1996 - Samuel M. Savin  
1997 - Paul H. Nadeau  
1998 - Bruce Velde  
1999 - Richard Eggleton  
2000 - D. M. Moore  
2001 - Robert Schoonheydt  
2002 - David L. Bish  
2003 - Alain Manceau  
2005 - Maria F. Brigatti  
2008 - Robert Gilkes  
2009 - Michael F. Hochella, Jr. 
2010 – Randy T.Cygan 
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PIONEER IN CLAY SCIENCE AWARD  
 
The lecture award recognizes research contributions that have led to important new directions in 
clay mineral science and technology. The recipient is responsible for delivering a plenary lecture 
supporting symposia organized for the national meeting.  
 
Pioneer Lecturers  
1987 - Marion L. Jackson  
1988 - R. M. Barrer  
1989 - H. van Olphen  
1990 - John W. Jordan  
1991 - Charles E. Weaver  
1992 - Udo Schwertmann  
1993 - Linus Pauling  
1994 - Joe L. White  
1995 - Rustum Roy  
1996 - Max M. Mortland  
1997 - Koji Wada  
 
 

 
 
1998 - Robert C. Reynolds 
1999 - V. Colin Farmer  
2000 - William F. Moll  
2001 - Don Scafe  
2002 - Victor Drits  
2003 - Vernon J. Hurst  
2004 - Hideomi Kodama  
2005 - Jillian Banfield  
2006 - Jean-Maurice Cases  
2007 - Spencer G. Lucas  
2008 - Emilio Galan  
2009 - Hayden H. Murry 
 

 
CITATION OF SPECIAL RECOGNITION  
 
1984 - Richards A. Rowland  
1984 - Ada Swineford  
1991 - Frederick A Mumpton  
1994 - Kenneth M. Towe  
1996 - Don Scafe  
2003 - William D. Johns 
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EDITORS OF CLAYS AND CLAY MINERALS  
 
1952             J. A. Pash and M. D. Turner  
1953            Ada Swineford and Norman Plummer  
1954            W. O. Milligan  
1955 – 1961 Ada Swineford  
1962 – 1964 William F. Bradley  
1964 – 1969 Sturges W. Bailey  
1970 – 1972 Max M. Mortland  
1973 – 1974 William T. Granquist  
1975 – 1978 Richards A. Rowland  
1979 – 1990 Frederick A. Mumpton  
1990 – 1991 Kenneth M. Towe  
1991 – 1995 Ray E. Ferrell, Jr.  
1995 – 1998 Wayne H. Hudnall  
1999 – 2000 Stephen Guggenheim  
2000 – 2007 Derek C. Bain  
2008 – Present Joseph W. Stucki 
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PAST PRESIDENTS OF THE SOCIETY  
 
Chairman, Interdivisional Committee on Clay Minerals of the National Academy of 
Sciences – National Research Council  
 
1952 – 1956 Ralph E. Grim  
1957 – 1959 Walter D. Keller  

 
1960 – 1962 A. F. Frederickson  
1963 - 1964 Richards A. Rowland  

 
Presidents  
1965 - 1966 Haydn H. Murray  
1964 - 1965 James W. Earley  
1966 - 1967 Marion L. Jackson  
1967 - 1968 Charles E. Weaver  
1968 - 1969 Paul G. Nahin  
1969 - 1970 George W. Brindley,  
                     Katherine Mather  
1970 - 1971 John F. Burst  
1971 - 1972 Sturges W. Bailey  
1972 - 1973 William F. Bradley  
1973 - 1974 John W. Jordan  
1974 - 1975 John C. Hathaway  
1975 - 1976 Stanley B. McCaleb  
1976 - 1977 John Hower  
1977 - 1978 John B. Hayes  
1978 – 1979 Max M. Mortland  
1979 – 1980 Finis Turner  
1980 – 1981 R. Torrence Martin  
1981 – 1982 Joe B. Dixon  
1982 – 1983 William D. Johns  
1983 – 1984 Wayne Hower  
1984 – 1985 Wayne M Bundy  
1985 – 1986 Marion G. Reed  
1986 – 1987 Sam H. Patterson  

1987 – 1988 Necip Guven  
1988 – 1989 William F. Moll  
1989 – 1990 Brij L. Sawhney  
1990 – 1991 Thomas J. Pinnavaia  
1991 – 1992 Robert C. Reynolds, Jr.  
1992 – 1993 David R. Pevear  
1993 – 1994 Dennis D. Eberl  
1994 – 1995 Rossman F. Giese, Jr.  
1995 – 1996 Kenneth M. Towe  
1996 – 1997 Stephen Guggenheim  
1997 – 1998 Joseph W. Stucki  
1998 – 1999 David L. Bish  
1999 – 2000 Patricia M. Costanzo  
2000 – 2001 Darrell G. Schultze  
2001 – 2002 Blair F. Jones  
2002 – 2003 Jessica Elzea Kogel  
2003 – 2004 Kathryn L. Nagy  
2004 – 2005 Duane M. Moore  
2005 – 2006 Cliff T. Johnston  
2006 – 2007 Richard K. Brown  
2007 – 2008 Ray E. Ferrell, Jr. 
2009 – 2009 Andrew R. Thomas 
2009 – 2010 Derek C. Bain 
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COMMITTEE MEETINGS, SOCIAL FUNCTIONS AND FIELD TRIP 
 
 
FRIDAY, SEPTEMBER 23 
6:00 – 10:00 PM 
Emerald Bay     EXECUTIVE COMMITTEE MEETING 
 
SATURDAY, SEPTEMBER 24 
8:00 AM – 5:00 PM 
Tahoe A     CLAY COUNCIL MEETING 
 
SUNDAY, SEPTEMBER 25 
5:00 – 8:00 PM 
Sand Harbor I     ICE BREAKER RECEPTION 
 
MONDAY, SEPTEMBER 26 
7:00 – 8:00 AM 
Marla Bay     SUSTAINERS BREAKFAST 
 
MONDAY, SEPTEMBER 26 
6:00 – 9:00 PM 
Marla Bay     EDITORIAL BOARD DINER 
 
TUESDAY, SEPTEMBER 27 
5:00 – 6:00 PM 
Sand Harbor II     RECEPTION 
 
TUESDAY, SEPTEMBER 27 
6:00 – 9:00 PM 
Sand Harbor II     BANQUET AND AWARDS 
 
WEDNESDAY, SEPTEMBER 28  
12:00 – 1:30 PM 
Marla Bay     PAST PRESIDENTS LUNCHEON 
 
WEDNESDAY, SEPTEMBER 28 
5:00 – 6:00 PM 
SAND HARBOR III    CMS BUSINESS MEETING 
 
THURSDAY, SEPTEMBER 29 
7:00 AM – 5:00 PM    NEVADA CLAYS FIELD TRIP 
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MONDAY MORNING 
 
 7:30 AM- Registration 
 4:00 PM 
 
7:00 – 8:00 AM 
Marla Bay     SUSTAINERS BREAKFAST 
 
PLENARY SESSION (SAND HARBOR III) 
 
10:00 AM Welcome and Introductory Remarks,  
 
10:05 AM CMS Presidential Welcome, 
 
10:20 AM Introduction of the Marion L. and Chrystie M. Jackson Mid-Career Clay   
  Scientist Lecture by Warren Huff 
 
10:25 AM Marion L. and Chrystie M. Jackson Mid-Career Clay Scientist Lecture 

ILLITE-SMECTITE:  THREE AND ONE DIMENSIONAL 
CHARACTERISTICS 
Douglas K. McCarty 
 

 
MONDAY AFTERNOON 
 
 
 
TECHNICAL SESSIONS 
 
CRYSTAL CHEMISTRY OF CLAYS (Sand Harbor III) 
Paul Schroeder, Session Chair 
 
1:00 PM- MICROWAVE SYNTHESIS OF NI-MG LIZARDITES 
1:20 PM P. Suraj Shiv Charan, S. Petit, F. Baron, P. Andrieux, C. Fontaine,  

M.V. Sivaiah 
 
1:20 PM- OBSERVING CATION EXCHANGE IN LAYERED MN OXIDES  
1:40 PM  USING TIME-RESOLVED X-RAY DIFFRACTION 

Peter J. Heaney, Timothy B. Fischer, Claire R. Fleeger, Christina L. Lopano, and 
Jeffrey E. Post 
 

1:40 PM- FORMATION OF A LAYERED FEIII (HYDR)OXIDE INTERCALATE 
2:00 PM  WITH DODECANOATE 
 Li-Zhi Huang,  Karina B. Ayala-Luis, Christian Bender Koch, and Hans 

Christian B. Hansen 
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2:00 PM- AN ATTEMPT TO EXPLAIN THE SYSTEMATIC DIFFERENCE OF  
2:20 PM  THE STRUCTURAL FORMULA METHOD AND THE 

ALKYLAMMONIUM METHOD FOR THE DETERMINATION OF 
THE LAYER CHARGE DENSITY OF SMECTITES 

  Kaufhold, S., Dohrmann, R.. , Stucki, J.W. , Anastacio, A.S 
  
2:20 PM- BREAK 
2:50 PM 
 
2:50 PM- RIETVELD STUDY OF JIANSHUIITE FROM OCEAN MANGANESE 
3:10 PM CONCRETIONS 
  Jeffrey E. Post and Ellen Thomas 
 
3:10 PM- QUANTITATIVE PHASE ANALYSIS OF DISORDERED  
3:30 PM  KAOLINITES WITH THE RIETVELD METHOD 
  Kristian Ufer, Reinhard Kleeberg and Reiner Dohrmann 

  
3:30 PM- INVESTIGATION OF STRUCTURES AND POLYMORPHS 
3:50 PM OF FERRIHYDRITE USING Z-CONTRAST IMAGING METHOD 

 Huifang Xu, Hiromi Konishi, and Eric E. Roden 
 

3:50 PM- AN ATTEMPT TO EXPLORE THE REACTION MECHANISMS OF 
4:10 PM ILLITISATION AT THE NANOSCALE: RELATIONSHIPS 
   BETWEEN CHEMICAL COMPOSITION CHANGES AND 
  STACKING TRANSITIONS AT CLAY PARTICLE SCALE 

Jean-Baptiste Fernandez, Eric Kohler, Anne-Sophie Gay, Michel 
Jullien 
 

4:10 PM- TIME-RESOLVED STUDY OF EARLY-STAGE FORMATION OF 
4:30 PM SCHWERTMANNITE NANOPARTICLES IN IRON SULFATE 

SOLUTIONS 
Mengqiang Zhu, Benjamin Legg, Hengzhong Zhang, Yang Ren,  
Benjamin Gilbert, Glenn Waychunas and Jillian Banfield 

 
 
 
GENERAL SESSION 1 (TAHOE C) 
Sam Traina, Session Chair 
 
1:00 PM- DETERMINATION OF METHYLENE BLUE ADSORPTION  
1:20 PM  PROCESS ON BENTONITE 
  Yu Horiuchi , Tetsuichi Takagi, Kazuya Morimoto and Yoshiaki Kon 
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1:20 PM- ADSOPTION OF TWO VACCINE-RELATED PROTEINS TO AN 
1:40 PM  HYBRID ORGANO-MONTMORILLONITE 

Giora Rytwo, Asaf Mendelovits, Dalia Eliyahu, Jacob Pitcovski,  
Elina Aizenshtein 

 
1:40 PM- SYNTHESIS AND CHARACTERIZATION OF AN ORGANOCLAY  
2:00 PM  GEOSORBENT FOR THE REMOVAL OF HYDROPHOBIC 
   CONTAMINANTS 

Cliff. T. Johnston, Bushra Khan, Edwin F. Barth, Sandip Chattopadhyay, and 
Stephen A. Boyd 

 
2:00 PM- BREAK 
2:20 PM  
  
2:20 PM- KAOLINITE-BASED NANOHYBRID MATERIALS: 
2:50 PM  VOLTAMMETRIC SIZE-SELECTIVE ANIONIC RECOGNITION 

Gustave Kenne, Sadok Letaief, and Christian Detellier 
 
2:50 PM- KAOLINITE INTERCALATES WITH BENZYLALKYLAMMONIUM 
3:10 PM  CHLORIDES 
  Jakub Matusik, Zenon Kłapyta 
 
3:10 PM- THE ANTI-INFLAMMATORY PROPERTIES OF NATURALLY- 
3:30 PM OCCURRING NANOTUBULAR HALLOYSITE 

Javiera Cervini-Silva, Hilda Cornejo-Garrido, Antonio Nieto- 
Camacho, Virginia Gómez-Vidales, María Teresa Ramírez-Apan, Paz del 
Angel−Vicente, José Ascención Montoya−de la Fuente, Mariana Domínguez-
López, and Daria Kibanova 

 
3:30 PM- QUANTITATIVE ANALYSIS OF MULTIPLE-COMPONENT 
3:50 PM PHYLLOSILICATE SYSTEMS USING FULL X-RAY POWDER 

DIFFRACTION PROFILES 
  Hongji Yuan and David L. Bish 
 
3:50 PM- SECRETS TO WINNING THE 5TH REYNOLDS CUP COMPETITION 
4:10 PM Mark D Raven and Peter G Self 
 
 
MONDAY EVENING 
6:00 – 9:00 PM 
Marla Bay       EDITORIAL BOARD DINER 
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TUESDAY MORNING 
 
  7:30 AM- Registration 
  4:00 PM 
 
PLENAREY SESSION  (SAND HARBOR III) 
 
8:00 AM Introduction of the Pioneer in Clay Science Lecturer by Sam Traina 
 
8:05 AM Pioneer in Clay Science Lecture 

STRUCTURAL STUDIES OF MINERAL-WATER INTERFACES 
OVER 25 YEARS: THE DEVELOPMENT OF MOLECULAR 
GEOCHEMISTRY 
Glenn Waychunas 
 
 

TECHNICAL SESSIONS 
 
SOIL CLAYS (SAND HARBOR III) 
David Laird and Joseph Stucki, Co-Chairs 
 
9:30 AM CHARACTERIZATION OF NANO-CRYSTALLINE FE IN TROPICAL  
10:10 AM  SOILS USING 57FE MOSSBAUER AND FE ATOM EXCHANGE 

EXPERIMENTS 
Aaron Thompson, Jared Wilmoth, Viktor Tishchenko, Christof Meile, 
Michelle Scherer, and Tim Pasakamis 

 
10:10 AM CHARACTER OF SHORT-RANGE ORDERED ALUMINOSILICATES  
10:30 AM AND THEIR POSSIBLE PRESENCE ON MARS 

Janice L. Bishop, Elizabeth B. Rampe, Leslie L. Baker, David L. Bish, Zaenal 
Abidin, Teruo Henmi, and Stephen Hillier 
 

10:30 AM ROLE OF MONTMORILLONITE CHARGE DENSITY IN 
10:50 AM  DETERMININGTHE TARGET SITES ON MARS FOR THE SEARCH 

OF EXTINCT OR EXTANT LIFE AND ORGANIC COMPOUNDS  
Gözen Ertem 
 

10:50 AM- BREAK 
11:10 AM 
 
11:10 AM- CLUSTER ANALYSIS OF X-RAY DIFFRACTION, SHORT-WAVE 
11:30 AM INFRARED, COLOR, AND FOUR-BAND QUICKBIRD SATELLITE 

DATA FOR THE PURPOSE OF MAPPING MINERAL  
ASSEMBLAGES IN THE UZON CALDERA, KAMCHATKA, RUSSIA 
Paul A. Schroeder, Douglas E. Crowe, Thomas R. Jordan, Juergen 
Weigel, and Gennadii Karpov 
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11:30 AM- AKAGANÉITE FORMATION IN INLAND WETLANDS WITH 
11:50 AM SULFIDIC SEDIMENTS IN AUSTRALIA 
  Irshad Bibi, Balwant Singh, and Ewen Silvester 
 
11:50 AM- ADSORPTION KINETICS BEHAVIOR OF E. COLI IN 
12:10 PM AGRICULTURAL SOILS IRRIGATED WITH WASTEWATER FROM 

THE TULA VALLEY 
Javiera Cervini-Silva, Oriana Landa Cansigno, Blanca Elena Jiménez 
Cisneros, and Catalina Maya Rendón 

 

12:10 PM-  THE EFFECT OF AQUEOUS Mg2+ ON RATES OF ACID 
12:30 PM EXTRACTION OF Cs AND Rb FROM HYDROXY-INTERLAYERED 

VERMICULITE 
J. M. Wampler, Eirik J. Krogstad, and W. Crawford Elliott 
 

12:30 PM- PYROLYSIS TEMPERATURE IMPACT ON NATURE AND  
12:50 PM STABILITY OF BIOCHAR 
  David A. Laird  
 
CLAYS IN UNCONVENTIONAL RESERVOIRS (TAHOE C) 
Edwin Zeelmaekers and Heather Kaminsky, Co-Chairs 
 
  9:30 AM- THE ROLE OF CLAY MINERALOGY IN UNCONVENTIONAL 
10:10 AM  SHALE RESERVOIR PROPERTIES 
  Steve J. Chipera 
 
10:10 AM- CHLORITE POLYTYPE TRANSFORMATION IN ANCIENT  
10:30 AM AEOLIAN SANDSTONES: RELATIONSHIPS TO HYDROCARBON 

ACCUMULATION 
  J. Reed Glasmann 
 
10:30 AM- MECHANICAL PROPERTIES OF MUSCOVITE THROUGH 
10:50 AM MOLECULAR SIMULATIONS 

Stephanie L. Teich-McGoldrick, Jeffery A. Greathouse, and Randall T. 
Cygan 
 

10:50 AM- BREAK 
11:10 AM 
 
11:10 AM- CLAY MINERALOGY OF THE MALMIAN SOURCE ROCK IN THE 
11:30 AM VIENNA BASIN: EFFECTS ON SHALE GAS EXPLORATION 
  Andrea Schicker, Susanne Gier 

 
11:30 AM- INTRODUCTION TO THE IMPACT OF CLAY MINERALS IN OIL 
11:50 PM SANDS MINING 
 H. Kaminsky 
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TUESDAY AFTERNOON  
 
POSTER SESSION (SAND HARBOR I) 
1:00 - 4:00 PM 
 

1. BIOREDUCTION OF FE-BEARING CLAY MINERALS AND THEIR REACTIVITY 
TOWARD PERTECHNETATE (TC-99) 
Michael E. Bishop, Hailiang Dong, Ravi K. Kukkadapu, Chongxuan Liu, and Richard E. 
Edelmann 

 
2. MICROBIAL REDUCTION OF FE(III) IN SMECTITE-ILLITE MINERALS BY 

METHANOGEN METHANOSARCINA MAZE 
Jing Zhang, Hailiang Dong, Deng Liu, Timothy B. Fischer, Shang Wang, and Liuqin 
Huang 
 

3. BIOLOGICAL REACTIVITY OF ALLENDE METEORITE AND PYRROTHITE 
SURFACES AT 25 °C. 
Javiera Cervini-Silva, Antonio Nieto-Camacho, Hilda Cornejo-Garrido, Paz del 
Angel−Vicente, Noel Maya, Eduardo Palacios, José Ascención Montoya−de la Fuente, 
Virginia Gómez-Vidales, Maria Teresa Ramirez Apan 

 
4. ADSORPTION AND PHOTOCATALYTIC OXIDATION OF FORMALDEHYDE ON 

A CLAY-TIO2 COMPOSITE: EFFECT OF UV LIGHT, HUMIDITY AND 
RESIDENCE TIME 
Javiera Cervini-Silva, Daria Kibanova, Mohamad Sleiman, and Hugo Destaillats 
 

5. CLAY MEDIATED ROUTE TO NATURAL FORMATION OF 
POLYCHLORODIBENZO-P-DIOXINS 
Cun Liu, Cheng Gu, Hui Li, Brian J Teppen, Cliff T Johnston, Stephen A Boyd 
 

6. EFFECTS OF CHARGE ORIGIN AND OCTAHEDRAL CATIONS OF SMECTITES 
ON THEIR SELECTIVITY AND ADSORPTION CAPACITY FOR AFLATOXIN 

 A.L. Barrientos-Velázquez, A. Marroquín-Cardona, J.B. Dixon and Y. Deng 
 
7. OCCURRENCE AND MINERALOGY OF SERPENTINITE FROM BIBONG MINE 

IN CHUNGYANG AREA, SOUTH KOREA 
Ginam Park, Jinyeon Hwang, Jiho Oh, Hyomin Lee 
 

8. MOLECULAR DYNAMICS SIMULATIONS ON THE STRUCTURE AND 
DYNAMICS OF H2O, K+, NH4

+ AND H3O+ ON HYDRATED MUSCOVITE 
SURFACE 
Narasimhan Loganathan, Brice Ngouana, Andrey G. Kalinichev 
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9. STRUCTURE OF Na+ AND H2O IN Na-HECTORITE VIA MOLECULAR 
DYNAMICS SIMULATIONS AND FORCE FIELD DEVELOPMENT OF EDGE 
SITES 
Christin P. Morrow, A. Özgür Yazaydin, and R. James Kirkpatick 
 

10. FIXATION OF NH4
+ BY DIOCTAHEDRAL VERMICULITE 

 M. Skiba 
 

11. SORPTION OF LINCOMYCIN AT LOW CONCENTRATIONS FROM WATER BY 
SOILS 

 Cuiping Wang, Brian J. Teppen, Stephen A. Boyd, and Hui Li 
 

12. WHAT HAPPENS TO BENTONITES UPON EXTENSIVE DRYING 
 Kaufhold, S., Dohrmann, R 
 
13. CONFORMATIONAL EFFECTS OF ADSORBED POLYMER ON SWELLING 

BEHAVIOR OF ENGINEERED CLAY SOILS 
 Sungho Kim, Angelica M. Palomino, and Nikolas J. Podraza 
 
14. CLAY MINERALOGY OF AGGREGATES USED IN TEXAS CONCRETE, 

BITUMINOUS MIXES, AND CHIP SEALS 
 Andrew Russell, Youjun Deng, Pat Harris, Anol Mukhopadhyay 
 
15. ADSORPTION/DESORPTION OF INDOLE/KAOLINITE AGGREGATES IN NON-

AQUEOUS MEDIA 
 Jonathan Fafard, Sadok Letaief, Christian Detellier 
 

16. MINERALOGICAL AND CHEMICAL CHARACTERIZATION OF PETROLOGIC 
END MEMBERS OF ALBERTA OIL SANDS 
Marek Osacky1, Mirjavad Geramian1, M. Darby Dyar2, Thomas H. Etsell1, Douglas G. 
Ivey1 and Qi Liu1 
 

17. A NEW SEPIOLITE DEPOSIT AND THE USE OF THE NIR SPECTRA 
 FOR ITS COMPARISON TO THE OTHER FIBROUS CLAYS 
 J.L. Post and S.M. Crawford. 

 
 
 

TUESDAY EVENING 
5:00 – 6:00 PM 
Sand Harbor II       RECEPTION 
 
6:00 – 9:00 PM 
Sand Harbor II       BANQUET AND AWARDS 
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WEDNESDAY MORNING 
 
  7:30 AM- Registration 
  4:00 PM 
 
PLENAREY SESSION  (SAND HARBOR III) 
 
8:00 AM Introduction of the Marilyn and Sturges W. Bailey Award Lecture 
  by Prakash B. Malla 
 
8:05 AM Marilyn and Sturges W. Bailey Award Lecture 

SYNTHETIC AND MODIFIED CLAYS AND CLAY NANOCOMPOSITES : 
MULTIFUNCTIONAL MATERIALS 
Sridhar Komarneni 
 
 

TECHNICAL SESSIONS 
 
ATOMISTIC MODELING OF CLAYS: MULTIDISCIPLINARY APPLICATIONS (SAND HARBOR III) 
Randy Cygan and Jeff Greathouse, Co-Chairs 
 
 
Session 1 
  9:30 AM- MOLECULAR DYNAMICS SIMULATIONS ON CLAY MINERAL- 
10:10 AM WATER INTERFACES 
  Katsuyuki Kawamura 
 
10:10 AM- MOLECULAR DYNAMICS SIMULATION OF ALCOHOL AND 
10:30 AM THIOL ADSORPTION ON (OXY)HYDROXIDE AND GRAPHITE 

SURFACES 
  Jeffery A. Greathouse and Margaret E. Welk 
 
10:30 AM- BREAK  
10:50 AM  
   
10:50 AM- BULK AND SURFACE STUDIES OF KAOLINITE UNDER NORMAL 
11:10 AM AND EXTREME CONDITIONS 

Ali Zaoui 
 
11:10 AM-  EFFECTS OF SIMULATION ENSEMBLE AND MINERAL SURFACE 
11:30 AM ON INTERFACIAL WATER STRUCTURE 
  Todd R. Zeitler, Jeffery A. Greathouse, Randall T. Cygan 
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GENERAL SESSION II (TAHOE C) 
Prakash Malla, Session Chair 
 
9:30 AM-  DETERMINATION OF THE CATION EXCHANGE CAPACITY OF 
9:50 AM SMECTITES AND VERMICULITES WITH A GUANIDINIUM SENSITIVE 

ELECTRODE 
 Minder, P. , Plötze, M. & Kahr, G 
 
9:50 AM- MECHANISMS OF BRIGHTNESS ENHANCEMENT OF KAOLINS 
10:10 AM BY MICROBIOLOGICAL TREATMENT WITH SHEWANELLA 

PUTREFACIENS 
Kerstin Petrick, Daniel Beyer, Stefan Huber, Friedrich Wagner, Katja 
Emmerich 

 
10:10 AM- ISOTOPIC AND ORGANIC GEOCHEMICAL COMPOSITION OF 
10:30 AM THE GEORGIA KAOLINS: INSIGHTS INTO FORMATION AND 

DIAGENETIC CONDITIONS 
 Michael C. Cheshire, David L. Bish, and Simon Brassell 
 
10:30 AM- BREAK 
10:50 AM 
 
10:50 AM- LONG TERM THERMAL TREATMENT OF BENTONITE – EFFECTS 
11:10 AM ON PHYSICOCHEMICAL PROPERTIES 
  Martin Valter, Michael Plötze 
 
11:10 AM- STRUCTURAL CHANGES OF MONTMORILLONITE FROM 
11:30 AM KOPERNICA (SLOVAKIA) UPON ACID TREATMENT 

Peter Komadel, Martin Pentrák, Jana Madejová, Viktor Hronský, and 
Peter Uhlík 
 

11:30 AM- Variability of the mineralogy of clay gouges from the High Tatra 
11:50 AM Mountains, Poland 
  Artur Kuligiewicz, Michal Skiba, Chris M. Hall, Marek Szczerba 

 

11:50 AM- INFLUENCE OF CLAY INTRINSIC PROPERTIES ON THE ABILITY 
12:10 PM TO DETECT MOISTURE DIFFERENCES WITH DIELECTRIC 

SPECTROSCOPY 
Heike Kaden, Franz Königer, Gunnar Niklasson, Katja Emmerich 
 

 
 
 
WEDNESDAY NOON  
12:00 – 1:30 PM 
Marla Bay      PAST PRESIDENTS LUNCHEON 
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WEDNESDAY AFTERNOON 
 
ATOMISTIC MODELING OF CLAYS: MULTIDISCIPLINARY APPLICATIONS (SAND HARBOR III) 
Randy Cygan and Jeff Greathouse, Co-Chairs 
 
 
Session 2 
 

1:30 PM- URANYL ADSORPTION AND SPECIATION AT THE 
1:50 PM MINERAL/WATER INTERFACE STUDIED BY RESONANTLY ENHANCED 

SECOND HARMONIC GENERATION AND THE CHI(3) TECHNIQUE 
 Sarah A. Saslow, Jessica N. Malin, Franz M. Geiger 
 
1:50 PM- COMBINED XAFS AND MOLECULAR MODELLING 
2:10 PM  INVESTIGATIONS OF ZN UPTAKE BY MONTMORILLONITE 
 Rainer Däehn, S. Churkov, B. Baeyens, M.H. Bradbury 
 
2:10 PM- UNDERSTANDING THE REDOX REACTIVITY OF MACKINAWITE 
2:30 PM (LAYER TYPE FeS) 
 Kideok D. Kwon, Sharon Bone, Keith Refson, Ruimin Qiao, Wan-li Yang, Zhi 

Liu, and Garrison Sposito 

 
2:30 PM- DYNAMICAL BEHAVIOR OF INTERLAYER WATER AND 
2:50 PM CATIONS IN SMECTITE MINERALS 
  Randall T. Cygan, Jeffery A. Greathouse, and Tina M. Nenoff 
 
 
ENVIRONMENTAL CLAY MINERALOGY (TAHOE C) 
Cliff Johnston, Session Chair 
 

 
1:30 PM- SUPPRESSION OF HUMORAL IMMUNE RESPONSES BY 2,3,7,8- 
1:50 PM TETRACHLORODIBENZO-P-DIOXIN INTERCALATED IN SMECTITE 

CLAY 
 Cliff T. Johnston,  Stephen A. Boyd, Bushra Khan, Thomas J. Pinnavaia, 

Norbert E. Kaminski, Brian J. Teppen, Hui Li, Robert B. Crawford, Natalia 
Kovalova, Seong-Su Kim, H. Shao and Barbara L.F. Kaplan 

 
 
1:50 PM- INTERACTIONS OF CO2 AND MONTMORILLONITE: 
2:10 PM- IMPLICATIONS FOR CO2 SEQUESTRATION 
  Paul Giesting, Stephen Guggenheim, August F. Koster van Groos, and 
  Andreas Busch 
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2:10 PM- SOME SYNCHROTRON XRD AND XANES RESULTS FROM THE 
2:30 PM EXCAVATION OF THE OUTER SECTION OF THE PROTOTYPE 

REPOSITORY EXPERIMENT AT ÄSPÖ HARD ROCK 
LABORATORY, SWEDEN 

  Daniel Svensson, Lars-Erik Johannesson, Staffan Hansen, Patrik Sellin 

 

2:30 PM- BREAK 
2:50 PM 
 
2:50 PM- INTERLABORATORY EXCHANGE OF CEC AND 
3:10 PM EXCHANGEABLE CATION RESULTS OF BENTONITE BUFFER 

MATERIAL 
Reiner Dohrmann, Dieter Genske, Ola Karnland, Stephan Kaufhold, Leena 
Kiviranta, Siv Olsson, Michael Plötze, Torbjörn Sandén, Patrik Sellin, Daniel 
Svensson, Martin Valter 
 

3:10 PM- EROSION OF BENTONITE – A PROBLEM FOR NUCLEAR WASTE 
3:30 PM DISPOSAL? 
  Patrik Sellin  
 
3:30 PM- ELECTRO-OSMOSIS IN CLAYS - A SUITABLE TECHNIQUE FOR 
3:50 PM CLOGGING REDUCTION IN MECHANIZED SHIELD-TUNNELLING 

Michel Heuser, Helge Stanjek, Giovanni Spagnoli, Norbert Klitzsch, 
Philippe Leroy 
 

3:50 PM- GEOLOGICAL AND SOIL FORENSIC EXAMINATIONS USING 
4:10 PM ADVANCED LABORATORY SOURCE AND SYNCHROTRON XRD 
  TECHNIQUES 

 Rob W Fitzpatrick, Mark Raven and Peter Self  
 

 
WEDNESDAY AFTERNOON 
5:00 – 6:00 PM 
SAND HARBOR III      CMS BUSINESS MEETING 
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SOCIETY AWARD LECTURE ABSTACTS 
 



	   25	  

SYNTHETIC AND MODIFIED CLAYS AND CLAY NANOCOMPOSITES : 
MULTIFUNCTIONAL MATERIALS 
Sridhar Komarneni1 
1Department of Crop and Soil Sciences and Materials Research Institute, The Pennsylvania State 
University, University Park, PA 16802, USA; sxk7@psu.edu  
Synthetic swelling clays of varying charge densities as those in the case of smectites to brittle 
micas were prepared by a fluoride-flux method. In addition, phlogopite, biotite and muscovite 
micas were transformed to hydrated Na-micas using the K-depletion process with Na-
tetraphenylborate. The various synthetic and modified clays were not only found to exhibit 
extremely high selectivity for radioactive waste ions such as Sr, Ba, Ra, Cs, Co etc., but also 
found to fix them for potential final disposal. The highly selective exchange and fixation of the 
radioactive species was related to structure and charge density of clays and the hydration status 
of cations (Komarneni and Roy, 1985; Paulus et al., 1992; Komarneni et al., 2002). The low 
charge synthetic clays were also amenable for making organoclays with various surfactant 
cations and we recently discovered that the organoclays are highly selective for anions such as 
perchlorate. The main factor that controls the perchlorate uptake is residual positive charge in the 
organoclays. We also prepared metal-clay nanocomposites by successfully intercalating Cu 
metal clusters of 4-5 Å in the interlayers of montmrillonite by in-situ reduction of Cu2+ ions 
using ethylene glycol as a reducing agent and these are expected to be useful as catalysts (Malla 
et al., 2001). Palygorskite-TiO2 and halloysite-TiO2 nanocomposites were prepared by deposition 
of the anatase form of TiO2 on the clay surfaces using a sol-gel method with titanium 
isopropoxide as a precursor under hydrothermal treatment at 180 °C. The clay-titania samples 
showed significantly higher activity in decomposing NOx gas compared to that of the standard 
commercial titania, P25. Thus the synthetic clays and clay nanocomposites are multi-functional 
materials for remediating radioactive cations and perchlorate anions and also serve as catalyst 
substrates.  
Komarneni, S. and R. Roy (1988) A cesium selective ion sieve made by topotactic   leaching, 
Science, 239, 1286-1288. 
 
Komarneni, S., N. Kozai, and W. Paulus (2001) Superselective clay for radium uptake, Nature, 
410, 771-771. 
 
Malla, P.B., P. Ravindranathan, S. Komarneni and R. Roy (1991) Intercalation of copper metal 
clusters in montmorillonite, Nature, 351, 555-557. 
 
Paulus, W. J., S. Komarneni and R. Roy (1992) Bulk synthesis and selective exchange of 
strontium ions in Na4Mg6Al4Si4O20F4 mica, Nature, 357, 571-573. 
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ILLITE-SMECTITE:  THREE AND ONE DIMENSIONAL CHARACTERISTICS 
Douglas K. McCarty  
Chevron ETC, 3901 Briarpark Dr., Houston, TX 77043 dmccarty@chevron.com 

A comprehensive characterization of mixed-layered illite-smectite (I-S) includes an 
analysis of the composition and structure of the constituent illite fundamental particles, as well as 
the one-dimensional stacking sequence and distribution of illite and smectite interlayers.  
Fundamental illite particles in I-S exhibit almost the same variations in three-dimensional 
structure and crystal chemistry as the illite and mica 1M and 1Md polytype series.  Based on X-
ray diffraction (XRD) computer modeling, the structure of I-S can be described using the 
parameters of (1) P0, the proportion of zero-degree layer stacking rotations; (2) Pcv, the 
proportion of 2:1 layers with cis-vacant (cv) octahedral sites that are randomly interstratified 
with trans-vacant (tv) layers; and (3) P60, the proportion of layers rotated by n·60° (n = odd 
integer) out of the total rotated layers, which results in prismatic coordination of interlayer K and 
basal oxygen atoms.  Stacking faults of this type are in contrast to ± 120° rotations that produce 
octahedral coordination with interlayer K (e.g. P120 = P240, and 60°, 180°. 300° rotations are 
crystallographically equivalent).  

I-S from K-bentonite in the Appalachian and neighboring basins has cv interstratification 
that increases with total Al3+.  I-S with high Pcv and 120° rotations, correlate with tetrahedral 
Al3+ for Si4+ substitution and increasing tetrahedral charge.  The n·60° disordered structures 
correlate with octahedral Mg2+ for Al3+ substitution, indicating that the layer type and nature of 
rotational disorder in I-S fundamental particles is controlled by the octahedral Mg content.  
These Paleozoic K-bentonite deposits have a wide geographic distribution and the same initial 
bulk composition produced I-S with contrasting Pcv and P60 values controlled by the geological 
environment and subsequent system composition.  The criteria and compositional restrictions 
responsible for cv layers in illite and I-S are discussed, based on available data from different 
environments.  

Analysis of XRD patterns of I-S from oriented sample preparations indicates that 
illitization of smectite is not a statistically homogeneous and continuous reaction with a 
progressive increase in illite layer content and degree of order in the layer-type stacking 
sequence, which is assumed in many diagenetic studies.  Early diagenesis in Oligocene Gulf 
sediment show that XRD patterns that are similar to ideal randomly interstratified I-S (R0 I-S), 
are actually a physical mixture of pure smectite and I-S with a 65:35 illite to smectite layer ratio.  
A suite of I-S samples at the intermediate stage of diagenesis in a zoned K-bentonite from the 
Montana distributed belt have systematic structural trends in cv layer content and total 
expandability due to K and Mg metosomatism.  I-S structure in the zoned bentonite was modeled 
as a physical mixture of an R0 I-S with constant high expandability (70 %S), coexisting with an 
ordered R1 I-S with a consistent illite to smectite layer ratio of 62:38, and only the relative 
proportion of the model structures varies with K and Mg content.  The zonation of the I-S model 
structures, including chemistry and cv/tv layer profile, indicates there is strong structural control 
in illite fundamental particles during the conversion of volcanic ash, to smectite and then to I-S. 

The Gulf Coast, disturbed belt, and other published data indicate that only careful XRD 
modeling (and supporting methods) can provide reliable information about the actual structure of 
I-S.  Data from sedimentary basins based on the assumption that only a single I-S distribution 
formed at each stage of illitization is probably not correct.  Therefore, the mechanism(s) and 
kinetics of illitization should be reconsidered.  
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STRUCTURAL STUDIES OF MINERAL-WATER INTERFACES OVER 25 YEARS: THE 
DEVELOPMENT OF MOLECULAR GEOCHEMISTRY 
Glenn Waychunas 
 
Earth Sciences Division, Geochemistry Department 
Lawrence Berkeley National Laboratory  MS 90R1116 
One Cyclotron Road, Berkeley, CA 94720, USA  gawaychunas@lbl.gov 
 
 
Some 25 years ago EXAFS and other specialized studies first enabled us to determine precise 
interface sorbate speciation geometries, but they also demonstrated the complexity and 
heterogeneity of sorption, and the frequent concurrence of nanoprecipitation.  Since that time 
equipment has been improved, allowing very high sensitivity for most species in the periodic 
chart, and new powerful methodology has been developed.  Today, together with the powerful 
tools of molecular simulation and ab initio calculation, interface complexation and precipitate 
structures can be predicted and searched for, and their energetics quantitatively evaluated.  
  
However, missing from the picture has been the precise nature of the mineral surfaces 
themselves, and most work (including simulations) has assumed bulk structure-related 
terminations or even ultra high vacuum (UHV)-related terminations.  This has changed with the 
advent of crystal truncation rod (CTR) x-ray diffraction about 12 years ago, allowing direct 
refinement of mineral surface structures in contact with aqueous solution, in the presence of 
sorbates, and during precipitation processes. 
   
Yet to be added to complete the interface description is the nature of the hydroxylation, hydrogen 
bonding, and near surface water structure.  This is now being approached by x-ray reflectivity 
and CTR studies, which enable visualization of the oxygen positions in surface water, and by 
sum frequency nonlinear optical spectroscopy methods, which directly probe water and hydroxyl 
vibrational spectra only at the interface. 
 
In this talk this evolution will be described, along with the current issues needing resolution.  The 
connection of interface structure with nanoparticle reactivity will be drawn, including discussion 
of the schwertmannite and ferrihydrite structures, and the meaning of “crystal chemistry” at 
interfaces and in nonperiodic structures. 
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EFFECTS OF CHARGE ORIGIN AND OCTAHEDRAL CATIONS OF SMECTITES ON 
THEIR SELECTIVITY AND ADSORPTION CAPACITY FOR AFLATOXIN 

 
A.L. Barrientos-Velázquez1, A. Marroquín-Cardona2, J.B. Dixon1 and Y. Deng1. 
 

1 Soil & Crop Sciences Department, Texas A&M University 
2 Veterinary Medicine & Biomedical Sciences, Texas A&M University 

 
Every year, corn, peanuts, cotton seeds, tree nuts, and a variety of crops arecontaminated by 
mycotoxins. The most toxic and carcinogenic mycotoxins are aflatoxins produced by fungi 
Aspergillusflavus and Aspergillisparasiticus. Adding clays to animal feeds is an effective and 
low cost measure in reducing the bioavailability of aflatoxinsto animals. We have investigated 
several bentonite samples from the USA and other countries and found that their AfB1 adsorption 
capacity varied from 1.8 to 21.1 % (w/w). Our analysis has demonstrated that the major 
adsorption site for aflatoxin is the interlayer space in smectites. It appears to be critical to 
preserve the interlayer the accessibility of aflatoxin molecules, which can be affected by many 
physical and chemical properties of the samples. More recently, experiments have confirmed that 
the exchangeable cation strongly influences the amount of aflatoxin that can be adsorbed. It also 
appears that the octahedral structural cations might influence the adsorption. As the swell/shrink 
properties of smectites are affected by charge density and charge origin, we expect that the 
charge origin might influence aflatoxin adsorption. The objective of this study was  todetermine 
the effects of the charge origin and octahedral cations on the selectivity and adsorption capacity 
for aflatoxin.  
 
Six smectite samples with different layer charge sources and octahedral type were selected. Both 
natural bulk materials and the clay fractions of a beidellite, ahectorite, twomontmorillonite 
(Novasil and 4TX), anontronite, anda saponite (Spain and Australia) samples were evaluated for 
their aflatoxin adsorption capacity and affinity. The maximum adsorption capacity for the 
unfractionated samples showed a variation among the samples. Montmorillonite 4TX had the 
highest adsorption of 0.4 mol/kg, followed by montmorilloniteNovasil with 0.35mol/kg and 
saponite Spain with 0.35 mol/kg. Beidellite, saponite Australia and hectorite showed and 
intermediate adsorption of about 0.20mol/kg. The lowest adsorbent was nontronitewith 0.17 
mol/kg. The variations among the unfractionated samples appear to be determined by other 
minerals in the samples.  
The x-ray diffraction patterns showed quartz and feldspars in the samples. Additionally the 
saponites contained mica and hectorite calcite. The clay fraction confirmed the presence of mica 
in both saponites while smectite was the dominant mineral in the other samples.  
 
Aflatox adsorption on the clay fractions are under investigating. Preliminary results suggest that 
the selectivity or adsorption capacity of the smectites for aflatoxin was not determined by the 
origin of the charge on the smectites or the type of octahedral cations, rather, the charge density 
of the minerals and the type of exchange cations play more important roles.  
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AKAGANÉITE FORMATION IN INLAND WETLANDS WITH SULFIDIC 
SEDIMENTS IN AUSTRALIA 
 
Irshad Bibi1,Balwant Singh1, and Ewen Silvester2 
 

1Faculty of Agriculture, Food and Natural Resources, The University of Sydney, Sydney, NSW 
2006, Australia; balwant.singh@sydney.edu.au 
2Department of Environmental Management and Ecology, La Trobe University, Wodonga, 
Victoria 3690, Australia 
 
The existence of sulfidic sediments in inland wetlands has been recognized only recently in 
many parts of the world including Australia. Prolonged drought over the years 2000-2009 caused 
widespread acidification of wetlands in the Murray–Darling Basin of Australia. Under conditions 
of very high salinity, the oxidation of iron sulfide minerals in these sediments can lead to the 
formation of a range of secondary iron oxide minerals including schwertmannite, goethite, 
jarosite and ferrihydrite.  
 
This study was undertaken to examine the mineralogy and solution chemistry of a large wetland 
in the south-west of New South Wales. The oxidized surface sediments and surface water 
samples were collected from a partially dried inland wetland in the lower Murray River (Bottle 
Bend Lagoon) in the summer of 2009. The water sample was highly acidic (pH 2) and saline; Cl- 
was the major anion (4575 moles/L) with a molar concentration approximately 150 times higher 
than that of SO4

2− (30 moles/L). The cation composition was dominated by Na+, with Mg2+, 
Ca2+, Fe (in both Fe2+ and Fe3+ forms) and K+ all present in significant concentrations.  
 
X-ray diffraction analysis showed mainly the presence of gypsum, halite and quartz in the 
sediments, with few weak diffraction peaks of akaganéite and jarosite also identified. A 
sequential washing procedure (E-pure® water-0.01 M HCl-0.01 M EDTA) was used to isolate 
and purify iron oxide minerals present in the sediments. The XRD patterns of washed sediments 
confirmed the presence of akaganéite as the dominant Fe oxide with minor amounts of K-
jarosite. The Rietveld refinement of XRD patterns was performed using the program BGMN. 
The unit-cell dimensions of akaganéite agreed well with the values reported for pure akaganéite. 
Akaganéite crystals in both original and washed sediments were spindle shaped, with the crystal 
length varying between 100 and 500 nm. The STEM-EDS analysis of akaganéite revealed an 
Fe/Cl molar ratio of 6.7 and the structural formula of the mineral, as derived from the chemical 
composition, was Fe8O8(OH)6.8(Cl)1.2. Our results suggest that highly saline-acidic conditions in 
inland wetlands provide highly favorable conditions for akaganéite formation. The formation of 
stable phases such as hematite and goethite appears to be inhibited by highly acidic pH and high 
Cl- concentrations at the site. The occurrence of both akaganéite and K-jarosite in the sediments 
suggests the initial precipitation of akaganéite during sulfide oxidation, with a slower phase 
transformation to K-jarosite at lower pH conditions.   
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CHARACTER OF SHORT-RANGE ORDERED ALUMINOSILICATES AND THEIR 
POSSIBLE PRESENCE ON MARS 

Janice L. Bishop1, Elizabeth B. Rampe2, Leslie L. Baker3, David L. Bish4, Zaenal Abidin5, 
Teruo Henmi5, and Stephen Hillier6 
 

1Carl Sagan Center, SETI Institute & NASA-ARC, 189 Bernardo Avenue, Mountain View, CA 
94043, USA; jbishop@seti.org 

2NASA-JSC, Mail Code KX3, Houston, TX 77058, USA 
3Department of Plant, Soil and Entomological Sciences, University of Idaho, 825 West 7th 
Street, Moscow, ID 83844, USA 

4Department of Geological Sciences, Indiana University, 1001 E. 10th St., Bloomington, IN 
47405, USA 

5Faculty of Agriculture, Ehime University, Tarumi 3-5-7, Matsuyama 790-8566, Japan 
6James Hutton Institute, Craigiebuckler, Aberdeen, Scotland AB15 8QH, UK. 

Allophane, imogolite and hydrated silica often arise as volcanic materials alter, depending on the 
geochemical conditions. We have characterized natural and synthetic allophanes, imogolites, and 
opals to clarify the short-range bonding of these materials and have compared them with Al-rich 
phyllosilicates. We measured visible/near-infrared (VNIR) and infrared reflectance and thermal 
infrared (TIR) emissivity spectra of these poorly ordered samples for comparison with VNIR and 
TIR spectra of the Martian surface (Rampe et al. 2010; Bishop et al. 2011). Our data indicate that 
these short-range ordered materials could be present on Mars in regions where large 
phyllosilicate outcrops have been observed. All of these Al-and Si-bearing short-range ordered 
samples exhibit NIR absorptions at ~2.2 µm similar to those of Al-phyllosilicates. We have also 
performed controlled relative humidity (RH) X-ray diffraction (XRD) experiments to understand 
any changes in mineral structure with changing moisture conditions. Variation in the H2O 
content causes structural changes in some phyllosilicates (Bish et al., 2003) and RH-induced 
variations were observed here. Montmorillonite exhibited increasing low-angle intensity at 
elevated RH, in addition to the well-documented discrete changes in 00l   diffraction peaks. No 
changes in intensity were observed for opal, and both allophane and imogolite exhibited 
decreasing low-angle XRD intensity with increasing RH. This study indicates that although the 
NIR spectral band near 2.2 µm is similar for these materials, the mid-IR features and hydration 
properties are distinct. 

Bish et al. (2003) Stability of hydrous minerals on the martian surface. Icarus, 164, 96-103. 
Bishop et al. (2011) Spectral properties of natural and synthetic allophanes, imogolites, hydrated 

silica and phyllosilicates and applications to Mars. Eos Trans. AGU, 92, Fall Meet. Suppl., 
Abstract. 

Rampe et al. (2010) Allophane on Mars: Evidence from IR spectroscopy and TES spectral 
models. Eos Trans. AGU, 91, Fall Meet. Suppl., Abstract P51F-03. 
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BIOREDUCTION OF FE-BEARING CLAY MINERALS AND THEIR REACTIVITY 
TOWARD PERTECHNETATE (TC-99) 
 
Michael E. Bishop1, Hailiang Dong1, Ravi K. Kukkadapu2, Chongxuan Liu2, and Richard E. 
Edelmann3 
 

1Department of Geology, Miami University, Oxford, OH 45056 
2Pacific Northwest National Laboratory. Richland, WA 99352 
3Department of Botany, Miami University, Oxford, OH 45056 
 
bishopme@muohio.edu 
 
99Technetium (99Tc) is a fission product of uranium-235 and plutonium-239 and poses a high 
environmental hazard due to its long half-life (t1/2 = 2.13 x 105 y), abundance in nuclear wastes, 
and environmental mobility under oxidizing conditions [i.e., Tc(VII)].  Under reducing 
conditions, Tc(VII) can be reduced to insoluble Tc(IV).  Ferrous iron, either in aqueous form 
(Fe2+) or in mineral form [Fe(II)], has been used to reduce Tc(VII) to Tc(IV).  However, the 
reactivity of Fe(II) from clay minerals, other than nontronite, toward immobilization of Tc(VII) 
and its role in retention of reduced Tc(IV) has not been investigated.  In this study the reactivity 
of a suite of clay minerals toward Tc(VII) reduction and immobilization was evaluated.  The clay 
minerals chosen for this study included five members in the smectite-illite (S-I) series, 
(montmorillonite, nontronite, rectorite, mixed layered I-S, and illite), chlorite, and palygorskite. 
Surface Fe-oxides were removed from these minerals with a modified dithionite-citrate-
bicarbonate (DCB) procedure. The total structural Fe content of these clay minerals, after surface 
Fe-oxide removal, ranged from 0.7 to 30.4% by weight, and the structural Fe(III)/Fe(total) ratio 
ranged from 45 to 98%.  X-ray diffraction (XRD) and Mössbauer spectroscopy results showed 
that after Fe oxide removal the clay minerals were free of Fe-oxides. Scanning electron 
microscopy (SEM) revealed that little dissolution occurred during the DCB treatment. 
Bioreduction experiments were performed in bicarbonate buffer (pH-7) with structural Fe(III) in 
the clay minerals as the sole electron acceptor, lactate as the sole electron donor, and Shewanella 
Putrifaciens CN32 cells as a mediator. In select tubes, anthraquinone-2,6-disulfate (AQDS) was 
added as electron shuttle to facilitate electron transfer. In the S-I series, smectite 
(montmorillonite) was the most reducible (18% and 41% without and with AQDS, respectively) 
and illite the least (1% for both without and with AQDS). The extent and initial rate of 
bioreduction were positively correlated with the percent smectite in the S-I series (i.e., layer 
expandability). Fe(II) in the bioreduced clay minerals subsequently was used to reduce Tc(VII) 
to Tc(IV) in PIPES buffer. Similar to the trend of bioreduction, in the S-I series, reduced NAu-2 
showed the highest reactivity toward Tc(VII), and reduced illite exhibited the least. The initial 
rate of Tc(VII) reduction, after normalization to clay and Fe(II) concentrations, was positively 
correlated with the percent smectite in the S-I series. Fe(II) in chlorite and palygorskite was also 
reactive toward Tc(VII) reduction. These data demonstrate that crystal chemical parameters 
(layer expandability, Fe and Fe(II) contents, and surface area etc.) play important roles in 
controlling the extent and rate of bioreduction and the reactivity toward Tc(VII) reduction. 
Reduced Tc(IV) resides within clay mineral matrix, and this association could minimize any 
potential of reoxidation over long term. 
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The aim of this work was to probe the biological reactivity at the Allende meteorite surfaces at 
25 ºC.  We report on the effect of Allende meteorite and pyrrothite surfaces on the oxidative 
degradation of lipids (or lipid peroxidation, LP) in cell membranes, one of the main mechanisms 
that provoke cell damage, and cell viability. We also report on the effect of biological ligands on 
the oxidation potential of Allende meteorite. Specimens were first characterized by High-
Resolution X-Ray Diffraction, which show typical diffraction patterns for forsterite-fayalite 
[(Mg1.147Fe0.853)(SiO4)] and forsterite ferroan [(Mg1.040Fe0.960SiO4) or Mg1.83Fe0.18SiO4 ], from the 
olivine family, tephroite, syn [Mn2SiO4 ], diopside [CaMg(SiO3)2], iron sulfide [Fe0.91S], and 
maghemite-C, syn [Fe2O3], with the first two as the most predominant phases. Second, 
Mössbauer spectroscopy conducted at 77 K on the Allende meteorite showed the two magnetic 
sextets with a 20% spectral contribution are assigned to magnetite, and the second magnetic 
sextet with 13.8 % to the goethite with varying crystal size. Data drawn from HRTEM images 
were best fitted to Mg1.04Fe0.96SiO4 with zone axis [-312] and [10-1], or Mg1.203Fe0.774SiO4 
(Olivine). The carbon regions present interplanar distances ca. 3.6 Å, a signature of grafitized 
material. After reacting Allende meteorite with trihydroxamate siderophore ligands 
(desferrioxamine B, DFOB) at pH0 8 for 200 h,  Scanning Electron Microscopy and Qualitative-
Energy Dispersive Spectroscopy was conducted.  Trihydroxamate siderophores were found to 
facilitate the release of structural Fe into solution, and concomitant shiftings in the mineralogical 
speciation of structural Fe. Noteworthy,  is the formation of sub-micron enstatite distributed in an 
equidistant manner on the mineral matrix. On the other hand, DFOB appear not to enhance 
dissolution following to the ligand-promoted dissolution model.  
 
Electron-Paramagnetic Resonance Spectroscopy determinations collected on the Allende 
meteorite surfaces show the production of •OH radicals, a signature of electron transfer. The 
presence of DFOB was found to bring about decreases in the •OH (DMPO-OH REF adduct) signal 
and attributed to the reaction between Fe(II) and •OH to form Fe(III) according to: Fe(II) + •OH 
→ Fe(III) and Fe(III) + DFOB → FE(III)DFOB. The labilization of structural Fe leading to the 
formation of soluble Fe(II) in DFOB-containing suspensions was explained because i) ligand-
surface complexation or ii) •OH radical attack on active-surface sites. Evidence presented herein 
shows that Allende surfaces can stabilize radical intermediates and, thereby, facilitate electron 
transfer. The quantification of LP was conducted using the Thiobarbituric Acid Reactive 
Substances assay. LP induced by Allende meteorite and pyrrothite surfaces was found to be 



	   34	  

surface-controlled, and to depend on existing structural differences associated with the 
distribution of Fe, while the amounts of structural Fe still plays a minor role. Noteworthy, in 
suspensions bearing high concentrations of structural Fe such as for the case of pyrrothite 
suspensions becomes comparable to that reported for FeSO4 solutions. Finally, the distribution 
and atomic environment of structural Fe had an effect on cell viability determinations on 
macrofages, and Allende brought about higher cell-mortality rates compared to pyrrothite, or 
other mineral phases including nontronites, SHCa-1 CaO, MgCl2, MgO  TiO2 , CaCl2, and in 
consistency with recorded LP trends. 
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Clay-TiO2 nanocomposites have been shown to be effective porous photocatalysts for air 
purification. We investigated the adsorption capacity and photocatalytic removal efficiency of 
formaldehyde, a model hydrophilic pollutant, on a hectorite-TiO2 composite synthesized in our 
laboratory. Experiments were carried out using a benchtop flow reactor containing Raschig rings 
coated either with the clay-TiO2 catalyst or with Degussa P25, used as a reference. The reactor 
was fitted with three different UV sources: a UVA lamp (365 nm) and two UVC lamps (254 nm 
and 254+185 nm, respectively). Formaldehyde was introduced upstream of the reactor at 
concentrations of 100 – 500 ppb in an air stream in which relative humidity(RH) was adjusted in 
the range 0 – 66 %. The total airflow was adjusted between 0.5 and 2 L min-1 which, in 
combination with changes in the reactor length, determined residence (contact) times in the range 
50 – 500 ms. Under dry air and without illumination, the formaldehyde uptake capacity by 
hectorite-TiO2 composites was 4.1 times higher than that of P25, a ratio that is almost twice 
larger than the BET surface area ratio of those materials, suggesting a higher intrinsic affinity of 
formaldehyde for the clay matrix. Saturation of catalyst surfaces was achieved only after ~200 
min for P25 and ~1000 min for hectorite-TiO2. In the dark and in the presence of humidity, 
higher moisture contents of both surfaces dominated the adsorption process: the difference 
between the uptake efficiency for these materials became not significant statistically, and 
saturation was achieved at shorter reaction times (after ~200 min at 10% RH and after ~60 min at 
65% RH). Under irradiation with either of the three different UV sources, reductions in 
downstream formaldehyde levels were observed. Removal efficiencies were proportional to the 
Ti content of the catalyst and increased with contact time. Higher RH levels inhibited albeit in a 
partial manner the removal efficiency for both materials. The 254+185 nm source produced a 
more complete elimination of formaldehyde, likely due to the added effects of ozone chemistry 
and direct photolysis.  
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Halloysite is an unusual clay mineral with a hollow tubular structure in the submicron range that 
occurs in high−moisture regime geographical regions exposed to permanently humid or water-
saturated weathering environments during crystallization.  Nanotubular halloysite could serve as 
an alternative nanomaterial over other materials in use (C, W, or Ti nanotubes) for designing 
vehicle-delivery drugs because their production results neither tedious nor hazardous, and it is 
relatively inexpensive; also, halloysite is well known to serve as an effective adsorbent towards 
biologically-active substances. However, few studies on the biological activity of halloysite are 
available.  In this paper we provide evidence to show that halloysite, unlike other naturally-
occurring clays and clay minerals, presents anti-inflammatory properties that compare to those of 
indomethacin as evidenced by: i) determinations of mieloperoxidase (MPO) enzymatic activity, 
an specific marker for migration and cellular infiltration that showed that edema reached 
maximum levels after 4 h, while cellular migration was noted to be incipient; after 24 h, 
however, opposed−data trends were found to be true. Also, ii) experiments conducted with 
mice−primary peritoneal macrophages showed that halloysite (vs aminoguanidine) inhibited NO 
production. Naturally-occurring nanotubular halloysite (1000 ppm ≤) was found to preclude lipid 
peroxidation (ca. IC50 = 2023 ppm), a signature for oxidative stress.  
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Agricultural soils in the Tula Valley region in Mexico are recipients of wastewater generated 
from Mexico City. Incoming wastewater is employed for irrigation purposes. While attenuating 
wastewater inflows, these soils retain Escherichia coli. This work reports the effect of organic 
matter (OM) and expandable-clay minerals(C) on the partitioning of E.coli. Three-soil types 
containing varying amounts of OM and C, namely, sample S1(bearing high C and OM contents); 
sample S2 (high C and low OM contents); and sample S3(low C and OM contents) were 
considered. E. coli –soil adsorption experiments were conducted by triplicates. Linear regression 
analyses on adsorption data show that equilibration times do not surpass 60 min, regardless of 
the type of soil. Experimental Freundlich proportionality constant (Kf) values were found to 
correspond to Kf

S1 = 1821,  Kf
S2 = 4340, and Kf

S3 = 0.006 mL g-1. Evidently, E. coli adsorption is 
favored in the presence of C but not OM. On the other hand, the Langmuir model was found not 
to suffice to account for by E.coli adsorption in either of the three soils studied herein. Our 
results can be explained in part because, as evidenced by electron micrographs, these soils show 
microorganism-microorganism adhesion phenomena and are constituted by highly-
heterogeneous surfaces. Further work on estimating the effect of adsorption-related phenomena 
on microorganism transport deserves further scrutiny. 
 



	   38	  

MICROWAVE SYNTHESIS OF NI-MG LIZARDITES 
 

P. Suraj Shiv Charan1, S. Petit1, F. Baron1, P. Andrieux1, C. Fontaine1, M.V. Sivaiah1 
 

1 UMR 6269 HydrASA, SFA-Université de Poitiers, B8-Albert Street Turpain, 86022-Poitiers, 
France ; suraj.pushparaj@etu.univ-poitiers.fr 
 
Nepouite is the end-member nickel analog of Lizardite. Both Nepouite and Lizardite are 1:1 
layer silicates having as ideal composition Si2Mg3-xNixO5(OH)4 with x = 0 and 3 for Lizardite 
and Nepouite end-members, respectively. These minerals are generally present in Garnierites. 
Garnierites are weathering products of ultrabasic rocks which constitute important deposits of 
nickel ores in the world. Garnierites are intimate and complex mixtures of 2:1 and 1:1 layer 
silicates whose compositions range from low to high contents of Ni and whose degree of 
structural order shows considerable variations. Due to this occurrence, pure samples of the 
Nepouite/ Lizardite series are rare. Consequently, there is a lack of reference spectroscopic data. 
Notably, FTIR spectra of Nepouite/Lizardite in the near infrared region are not available in 
literature. Such spectral data are of interest, especially for field studies. Although hydrothermal 
means of synthesis of clays are widely followed, efforts have been made here to synthesize the 
clay using microwave irradiation, which has more merit than the former. Nevertheless, it is not 
so easy to synthesize the clay using microwave irradiation, until the experimental parameters are 
established by trial and error method. The aim of this work is to synthesize samples along the 
Si2Mg3-xNixO5(OH)4 compositional range using both the hydrothermal and microwave 
irradiation method and compare them using the FTIR spectroscopy in the middle and near 
infrared region and XRD. The objective is to obtain robust FTIR reference data for Lizardite 
and Nepouite clay minerals.  
 
Rajender S.Varma. (2003) Microwave Technology-Chemical synthesis Applications. Kirk-
Othmer Encyclopedia of Chemical Technology, 16, 538-594. 
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Most studies of the southeastern US kaolins have focused on their mineralogy and petrology to 
understand the kaolin depositional and diagenetic environments. However, many studies suggest 
that much of the information held in the minerals changed during extensive post-depositional 
groundwater and microbial alteration. Therefore, organic δ13C and biomarker analyses were used 
to provide further information on the nature of the original sediments, the depositional 
environment(s), and of diagenetic alteration that has occurred in kaolin deposits in Wilkinson 
and Washington counties, Georgia. 
 
Two different types of kaolin can be discerned, based on their total organic carbon contents, 
namely organic-lean and lignitic kaolin. Lignitic kaolin commonly occurs as lignitic lenses with 
lean kaolin above and below. The bulk organic δ13C in the Georgia kaolins ranges from about -
26 to -19‰ (VPDB), with a noticeable enrichment in 13C as the organic carbon concentration 
decreases. This 13C enrichment is consistent with microbial decomposition of organic matter. 
 
The lean kaolins are dominant, with an organic matter composition composed primarily of C16 – 
C22 n-alkanes, C16 and C18 fatty acids, and unresolved complex mixtures. The organic matter 
composition of lean kaolin is fairly consistent throughout the various localities and ages, 
suggesting that the majority of the indigenous organic matter has been substantially decomposed. 
Lignitic kaolin has a distinctly different organic matter composition. The aliphatic composition 
of the lignitic materials is primarily C15-C33 n-alkanes with a higher abundance of C23-C31 n-
alkanes and lesser amounts of resinous and microbial constituents. The ‘aromatic’ fraction is 
dominated by oxygenated long-chained aliphatics (alkanones, alkandiones, alkanals, and 
alkanoates) and hopanoids (hopanones and hopanals). The origin(s) of these oxygenated species 
is not clear but may include a combination of both original plant epicuticular waxes and 
byproducts of microbial oxidation. The organic matter composition suggests that the lignitic 
material is primarily terrestrially derived from conifers with minor input from microbial lipids. 
The organic matter in both types of kaolin shows strong signs of microbial decomposition. 
Previous studies have concluded that these deposits were organic-rich muds prior to diagenesis. 
However, data from this study suggest that the majority of the kaolins were deposited as organic-
poor (lean) sediments. The relationship of individual organic components to kaolin mineralogy is 
not yet clear. In addition, kaolinite has been shown to exhibit catalytic cracking activity, but 
understanding whether or how kaolinite catalytic properties might affect naturally occurring 
organic compounds has yet to be determined. 
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Although shales and marls have long been known to source much of the hydrocarbons that 
migrate to and are trapped in traditional reservoirs, they have been largely ignored as non-
productive, thus non-economic.  However, recent innovations in drilling practices (horizontal 
drilling, logging while drilling) and improvements in hydrofracking technology have 
transformed these previously ignored rocks into a major economic boon.   
 
As much of these new resources consist of clay-rich sediments, the clays that compose these 
rocks obviously become very important as they influence rock properties and provide valuable 
information as to the rock’s history.  Clay mineralogy is a useful tool as an indicator of thermal 
maturity which can be used during exploration.  Both the conversion of organic matter to 
hydrocarbon and the smectite to illite reaction are driven by the thermal history of the rock.  In 
general, shales with I/S that are R0-ordered are too immature for significant hydrocarbon 
generation.  I/S that are R1-ordered are indicative of oil generation, and I/S that are R3-ordered 
are indicative of gas generation.  However, other factors influence the smectite to illite reaction 
such that a maturity indicator that is based solely on clay mineralogy has not yet been 
formulated. 
 
Just like the more traditional reservoirs, basic petrophysical properties such as porosity, 
permeability, saturations, etc., must be determined to effectively model a shale or other 
unconventional reservoir to determine if it is economic and viable.  When measuring rock 
properties, the clay mineralogy has to be fully understood and incorporated as the measurements 
are often not straight forward and interpretation is complicated due to the presence of the clay 
minerals.  The loosely bound water on clay minerals is especially problematic due to the similar 
thermodynamics to that of the “free-pore water.”  Even a basic lab practice such as “dry the 
sample to remove pore water” becomes challenging as the clay water is also affected.  
Consequently, the hydration state and dehydration properties of the clay minerals needs to be 
known as it will contribute to measured water saturations.  Likewise, the actual densities of clay 
minerals vary as a function of their hydration state which becomes an issue when incorporating 
rock densities into porosity calculations and during modeling of geophysical logs.   
 
The clay mineralogy also affects other aspects of unconventional reservoirs.  For example, clay 
minerals impart ductility to the rock which bears on the choice of proppants required to keep 
fractures open during hydrofracking.  Clay-organic interactions have been shown to be a 
significant source of porosity and the orientation of clay particles (fabric) can influence 
resistivity measurements. 
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Clay mineral interfaces, including interlayer and external surfaces, play an essential role in many 
geochemical processes.  Adsorption, dissolution, precipitation, nucleation, and growth 
mechanisms, in particular, are controlled by the interplay of structure, thermodynamics, kinetics, 
and transport at clay mineral-water interfaces.  Molecular details of these processes are typically 
beyond the sensitivity of experimental and analytical methods, and therefore require accurate 
models and simulations.  We have developed and used classical and quantum methods to 
examine the complex behavior of clay mineral-water interfaces and dynamics of interlayer 
species.  Bulk structures, swelling behavior, diffusion, and adsorption processes are evaluated 
and compared to experimental and spectroscopic findings.  In particular, inelastic neutron 
scattering methods provide a successful probe of vibrational behavior of interlayer species to 
help guide the simulations.  Librations, involving rock, wag, and twist motions of water 
molecules, are particularly sensitive to the interlayer environment of smectite minerals.  Trends 
in librational modes for interlayer water as a function of clay structure and cation hydration 
energy are readily explained using structural and vibrational analysis from molecular simulation.  
Molecular simulations of virtual phases, including hydrated pyrophyllite, help to explain the 
dynamical behavior of interlayer water that is not associated with cation species. 
 
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the United States 
Department of Energy’s National Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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The uptake of heavy metals by mineral surfaces is one of the main processes which controls the 
migration of contaminants in the geosphere. Dioctahedral smectite clay minerals such as 
montmorillonite are abundant in the natural environment. Furthermore, montmorillonite is the 
major component of bentonite which has been chosen in many countries as the preferred backfill 
material in a high-level waste repository. The 2-site protolysis non electrostatic surface 
complexation and cation exchange (2SPNE SC/CE) sorption model [1] has been used over the 
past decade or so to quantitatively describe sorption of metals with valences from II to VI on 
montmorillonite [2]. One of the main assumptions in this model is that there are two broad 
categories of edge sorption sites; the so called strong and weak sites. Because of their different 
sorption characteristics, it was expected that the coordination environments of the surface 
complexes on the two site types should be different. 
 
The aim of this study was to use X-ray absorption fine-structure spectroscopy (XAFS) and 
molecular simulations to gain molecular-level understanding of the Zn2+ uptake onto 
montmorillonite. Zn2+ is a chemical analogue for divalent radionuclides such as 63Ni and was 
chosen because its Zn-Ka line is not interfered by the Fe Zn-Ka/b lines, which therefore allows Zn 
loadings down to 2 mmol/kg to be measured (montmorillonite contains >1% Fe). Concentrations 
of total zinc in soils are normally <2 mmol/kg. Anthropogenic input (e.g. from tanneries, 
smelters or sewage sludge application, phosphate fertilizers, mining activities, auto emissions 
and industrial and municipal wastes), however, can increase the total zinc concentration in soils 
to >50 mmol/kg.  
 
Density functional theory based atomistic simulations were applied to model the structure of 
Zn2+ complexes adsorbed on the edge surfaces of montmorillonite. Based on these structures the 
XAFS spectra were calculated and compared with the ones measured in the experiment. Finally, 
the crystallographic positions of the strong sites and weak sites assumed in the 2SPNE SC/CE 
[1] could be identified. 
 
[1] M.H. Bradbury, B. Baeyens, J.Cont. Hydrol, 27, 223-248 (1997). 
[2] M.H. Bradbury, B. Baeyens, Geochim. Cosmochim. Acta, 69, 875-892 (2005). 
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The cation exchange capacity (CEC) is an important property of bentonites which are discussed 
as candidate materials for encapsulation of radioactive waste. The CEC proved to be one of the 
most sensitive parameter to detect changes of mineral properties in alteration experiments. The 
open question is if measured differences of CEC and exchangeable cation results can be 
evaluated as i) actual differences caused e.g. by structural degradation of clay minerals or 
redistribution of cations on exchange sites or ii) simply as scattering, especially if research teams 
from different countries are involved in the same project and each laboratory conducts own 
measurements.  
 
Two studies were performed and results of both studies are discussed.The aim of the first study 
is to evaluate bentonite CEC results from different laboratories using the same method. The Cu-
trien method was chosen because this method is fast and reliable. The overall quality of the 
returned CEC results using Cu-trien method was very good (e.g. CEC (VIS): ± 0.7-2.1 meq100 g 
for results from 11-87 meq100 g).  
 
Based on reported precision, measured differences of CEC and exchangeable cation results can 
be evaluated as actual differences if these limits are overstepped. Of course great care has to be 
taken and possible interpretations of CEC changes have to be verified based on additional 
analytical results that allow characterization of structural changes.  
 
Results show that Cu-trien CEC determination using VIS analysis is more robust as when 
analyzed using ICP or AAS, this is indicated by the lower scattering. Compared with the CEC 
and exchangeable cation results of the iSE program for soils, most absolute concentrations are 
much larger for the bentonites and the COX clay studied, however for two parameters the range 
was similar, and most important the precision was comparable.  
 
The second study concentrated on discussions about accuracy of CEC and exchangeable cation 
results by comparing alternative CEC methods where care is taken to prevent dissolution of 
soluble minerals such as calcite and gypsum. The overall quality of the returned CEC results 
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using alternative methods to Cu-trien method was also good (e.g. CEC: ± 0.8-3.3 meq100 g for 
results from 84-91 meq100 g using different methods). Precision was comparable with Cu-trien 
(first study). Interestingly even for exchangeable Ca2+ precision was relatively small for Cu-trien 
although no single lab used identical conditions for solution/solid ratios and reaction time 
parameters which influence carbonate dissolution. MX80 results scattered less for Cu-trien 
although one third of the extracted amounts of approximately 30 meq/100 g Ca2+ was erroneous. 
A more differentiated analysis of CEC data using different methods along with anion analyses 
and mineralogical composition is necessary to get more plausible and also more accurate results. 
Even such results are still not accurate enough because of the proved anion excess which in case 
of sulphate is most likely accompanied with slightly inflated Ca2+ results and in case of chloride 
most likely with slightly increased Na+ plus Mg2+ results. 
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ROLE OF MONTMORILLONITE CHARGE DENSITY IN DETERMINING THE 
TARGET SITES ON MARS FOR THE SEARCH OF EXTINCT OR EXTANT LIFE 
AND ORGANIC COMPOUNDS  
 
Gözen Ertem 
 
National Institutes of Health, 10 Center Drive, Bldg 10, Rm 3N320, Bethesda, MD 20892  
 
I am going to present our research on montmorillonite catalysis, the correlation between the 
extent of catalysis and charge density, and discuss the crucial role of these findings in 
determining the target sites on Mars for the search of organic compounds. John Bernal of 
England has proposed that clay minerals may have served as catalyst in the processes leading to 
the origin of life by adsorbing the biologically important monomers on their surfaces, thereby 
bringing them in close proximity of each other for their polymerization (Bernal, 1949). We 
demonstrated that montmorillonite, a member of the phyllosilicate group minerals, serves as an 
effective catalyst for the formation of RNA-like oligomers (Ertem et al.,2007 and references 
therein). RNA (Ribo Nucleic Acid) is one of the building blocks of life along with proteins and 
sugar acids. Extent of catalysis, that is, yields, and length of the longest RNA chains formed in 
these reactions significantly vary with the locality where montmorillonite is mined (Ferris et al., 
1990). While oxide composition of montmorillonites varies within narrow limits, their charge 
densities resulting from isomorphous substitutions fluctuate to a larger extent. We have 
demonstrated that there is a correlation between the extent of catalytic activity and the layer 
charge density of montmorillonites: Montmorillonites with low charge density exhibit higher 
catalytic activity compared to montmorillonites with high charge density (Ertem et al., 2010). 
Charge density of montmorillonites can be determined by measuring the d(001) spacing of 
[mineral-alkylammonium-mineral] complexes by XRD (Lagaly and Weiss, 1971; Wolters et al., 
2009). Charge density can also be calculated from the chemical analysis results of pure minerals. 
Phyllosilicates have been detected on Martian soil by telescopes, robotic rovers (Poulet et al., 
2005; Bibring et al., 2005, 2006), Compact Reconnaissance Imaging Spectrometer (CRISM) 
(Bishop et al., 2008) and High Resolution Stereo Camera (HRSC) (Poulet, 2005). NASA’s next 
surface mission to Mars, the Mars Science Laboratory rover (MSL), which is scheduled for 
launch soon, will carry on board an instrument called CheMin along with a quadrupole mass 
spectrometer (QMS), a gas chromatograph (GC), and a tunable laser spectrometer (TLS). 
CheMin (CHEmistry and MINeralogy), which is capable of performing remote robotic analyses 
of the martian surface rocks, will provide information on the mineralogical and elemental 
analyses of the samples by combined application of XRD and XRF. It will set down on martian 
surface using a recently developed high-precision entry, descent and landing system (EDL) that 
will place it within 20 km (12 miles) landing ellipse, in contrast to the 150 km (93 miles) of the 
landing systems used by the Mars Exploration Rovers. In the light of our results showing the 
correlation between the extent of catalytic activity of montmorillonites and layer charge density, 
the chemical analyses results of the rocks determined by CheMin may play a significant role in 
determining the target sites on Mars in future missions for the search of organic compounds, and 
extinct or extant life. 
 
Bernal, J. D. (1949) The Physical Basis of Life: Proc. Royal Soc., Section A, London 62, 537-
558.  
Bibring et al.: (2005) Mars Surface Diversity as Revealed by the OMEGA/Mars Express 
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Ertem, et al.: (2007) Sequence Analysis of Hetero-Trimer Fractions Formed by  
Montmorillonite Catalysis in the Reaction of Binary Monomer Mixtures. Astrobiology, 7, 715-
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AN ATTEMPT TO EXPLORE THE REACTION MECHANISMS OF ILLITISATION 
AT THE NANOSCALE: RELATIONSHIPS BETWEEN CHEMICAL 
COMPOSITION CHANGES AND STACKING TRANSITIONS AT CLAY PARTICLE 
SCALE 
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Préau, 92852 Rueil-Malmaison, FR; jean-baptiste.fernandez@ifpen.fr 
2Physics and Analysis Division, IFP Energies nouvelles, Rond-point de l'échangeur de Solaize, 
BP 3, 69360, Solaize, FR 
3Nuclear Energy Direction, CEA, 13108 St Paul lez Durance, FR 
 
In the context of CO2 sequestration, previous studies aim at characterizing the sealing capacity of 
the argillaceous barriers and at understanding their evolution. In that case, clayey cap-rocks and 
more particularly illite-smectite in the Paris basin, play a key role on confining function 
supported by their petrophysical properties. Kohler et al., (2009) point out an illitization of the 
initial matrix upon micrometric reactive fronts when samples are subjected to supercritical CO2 
during two months in laboratory conditions. For a good enough safety assessment, the numerical 
modeling must take into account the geochemical interactions at the reaction's scale: 
identification of initial/new crystallized minerals and their evolution with I-S ratio. Some 
questions regarding the reaction mechanisms of the illitization still remain. The study of Lanson 
et al., (2009), in opposition with the classic view of the smectite-to-illite transition, opens new 
investigation. We propose to add complementary interpretations based on observations at 
nanoscopic scale of this transition by the use of HRTEM. The material employed is  synthetic 
illite-smectite and CMS standard (ISCz-1 and RAr-1). To carry out synthetic I/S, we have 
illitized natural montmorillonite and synthetic smectite under hydrothermal conditions. Then, 
SAED patterns along c* are obtained to quantify the mixed-layered ratio, to follow the I/S 
stacking sequence and to determine the polytype variation. The HRTEM images show the 
evolution of the cross-fringes and the EDS analyses allow to establish a structural formulae of 
the mixed-layer minerals. By combining all the results obtained for each I/S minerals, we are 
able to constrain interpretations on the variation of the chemical composition of smectite and 
illite layers in an I/S particle during the smectite-to-illite transition. In our experimental 
conditions, a dissolution-precipitation process is highlighted. 
 
 
Kohler, E., et al. (2009) Clayey cap-rock behaviour in H2O-CO2 media at low pressure 
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GEOLOGICAL AND SOIL FORENSIC EXAMINATIONS USING ADVANCED 
LABORATORY SOURCE AND SYNCHROTRON XRD TECHNIQUES 

Rob W Fitzpatrick, Mark Raven and Peter Self  
CSIRO Land and Water, CSIRO Land and Water, Private Bag No 2, Glen Osmond, South 
Australia, Australia. Email: rob.fitzpatrick@csiro.au 

Forensic geology and forensic soil science, as newly developed disciplines of soil science and 
geology, has matured to the extent that well-defined questions and crime scene investigations are 
being addressed in increasingly refined ways to assist both law enforcement and environmental 
agencies.  Soils, regolith, minerals and man-made mineral particles such as bricks (soil-regolith 
materials) are being used in specialized forensic investigations to associate a soil-regolith sample 
taken from an item, such as shoes, clothing, shovel or vehicle, with a specific location. The 
majority of forensic cases involving soil-regolith materials are usually complex and the 
challenges of associating relevant information from one source with another often requires the 
application of new, sophisticated field and laboratory methods. 

Forensic evidence is often available only as very small amounts of soil-regolith material, which 
may have trace amounts of mineral particles.  For example, the soil material may have: (i) small 
paint or plastic flecks containing traces of minerals such as rutile, (ii) small brick or burnt soil 
particles (<0.5mm) containing polycrystalline minerals such as cristobalite and mullite and (iii) 
unburnt and burnt bone fragments. Traditional X-ray diffraction (XRD) techniques using low-
background Si wafer holders are useful for measuring XRD patterns from samples with weights 
as low as several milligrams. These techniques are generally too insensitive to measure XRD 
patterns from samples weighing less than a milligram. However, the mineralogy of small 
fragments (<0.5mm) can be determined with micro-XRD techniques using fine (submillimetre) 
monocapillary attachments on laboratory XRD instruments. While these instruments are 
adequate for determining dominant components, synchrotron XRD with high X-ray intensity 
provides far greater sensitivity and resolution than laboratory source XRD systems. This enables 
the identification of minute amounts of mineral components. Through case studies, this 
presentation will demonstrate how advanced field, laboratory and synchrotron approaches have 
been critical in developing coherent, predictive, soil-regolith models, from microscopic to 
landscape scales, to solve soil-regolith-based criminal and environmental investigations. 
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INTERACTIONS OF CO2 AND MONTMORILLONITE: IMPLICATIONS FOR CO2 
SEQUESTRATION 
 
Paul Giesting1, Stephen Guggenheim1, August F. Koster van Groos1, and Andreas Busch2 
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The reaction of gaseous and supercritical CO2 with Na-exchanged montmorillonite (Clay 
Minerals Society Source Clay SWy-2) was studied in high-pressure environmental chambers 
using powder X-ray diffraction techniques.  Changes in the montmorillonite (001) peak position 
and shape indicate that, for many samples, interlayer expansion occurred.  Expansion was 
complete by PCO2 ≈ 50 bars, i.e., within the stability range of CO2 gas at 25-45°C; no further 
expansion was observed to PCO2 = 640 bars, the highest pressure studied. 
 
The magnitude of expansion was strongly dependent on the initial interlayer spacing of the 
montmorillonite, which is governed by the H2O content of the starting material.  Samples with 
initial d(001) < 10.2 Å or d(001) ≥ 12.5 Å were not observed to expand significantly.  The 
maximum expansion was observed for a sample with initial d(001) = 11.0 Å; at PCO2 = 50 bars, 
this sample had expanded to d(001) = 12.3 Å.  Expansion did not proceed past d(001) = 12.5 Å 
for any sample, suggesting that this may be the upper limit of expansion for this reaction.  The 
critical role played by H2O in the reaction suggests that expansion is caused by intercalation of a 
carbonate group such as H2CO3 or HCO3

- in the interlayer.  This intercalate would also be 
expected to have a d(001) of ~12.5 Å, in agreement with the maximum observed spacing. 
 
The expansion of swelling clays could have a variety of effects on the cap rock and reservoir 
formations in a carbon sequestration project.  Expansion of clay particles may reduce pore-throat 
sizes and impede migration of CO2 and other fluids through both cap rock and reservoir 
formations.  In contrast, expansion of clays may cause formation cracking and loss of integrity to 
cap rocks.  Further studies are needed to examine the range of responses of swelling clays with 
various exchanged cations to CO2 at different conditions, including different H2O activities. 
 
Financial support from Shell Exploration and Production B.V. and the National Science 
Foundation (EAR #0929312) are gratefully acknowledged. 
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CHLORITE POLYTYPE TRANSFORMATION IN ANCIENT AEOLIAN 
SANDSTONES:  RELATIONSHIPS TO HYDROCARBON ACCUMULATION 
 
J. Reed Glasmann,  
 
Willamette Geological Service, 31191 Peterson Rd., Philomath, OR 
97370, wgsclays@yahoo.com 
 
A thick assemblage of upper Jurassic aeolian sandstone and associated fluvial/sabkha deposits 
occurs in subsurface across many areas of the northeastern Gulf of Mexico. Early diagenetic 
cements include grain-rimming Fe-rich chlorite that is an important factor in the preservation of 
reservoir quality in deeply buried settings. X-ray diffraction analysis indicates that the early 
chlorite grain coatings consist of randomly interstratified chamosite/berthierine with ca 85% 
chamosite layers. A moderately intense peak at 2.51-Angstroms indicates that the mineral is an 
orthorhombic polytype, similar to the chamosite1oib structure. With increasing depth, the 
orthorhombic chlorite undergoes transformation to an Fe-rich 1miib polytype, with prominent 
peaks at 2.60-, 2.55-, 2.45-, and 2.39-Angstroms. The 1miib mineral shows no mixed-layer 
character and has a smaller Fe/Mg ratio than the orthorhombic chlorite that occurs in higher 
stratigraphic zones in several locations. In one occurrence, the transformation from 1oib to 1miib 
chlorite occurs over an interval of less than 3-m. Such a geologically abrupt transformation can 
not be temperature controlled. Modern-day formation temperatures (ca 160-180°C) argue against 
the preservation of “low temperature” early diagenetic chlorite in any of the locations studied. 
The abrupt nature of the chlorite polytype transition in one location is probably a result of early 
hydrocarbon accumulation, which preserved the low temperature chlorite. Renewed filling of the 
reservoir during later burial occurred at much higher temperatures that facilitated 
recrystallization of the early diagenetic chlorite, destroying the 1oib polytype in rocks below the 
paleo oil-water contact. 



	   51	  

MOLECULAR DYNAMICS SIMULATION OF ALCOHOL AND THIOL 
ADSORPTION ON (OXY)HYDROXIDE AND GRAPHITE SURFACES 
 
Jeffery A. Greathouse and Margaret E. Welk 
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Classical molecular dynamics simulations were used to investigate the interaction of methyl, 
ethyl, and n-propyl alcohols and thiols with the hydroxylated basal surfaces of gibbsite and 
lepidocrocite, as well as a model graphite surface. The metal (oxy)hydroxide surfaces represent 
the basal surfaces of the neutral layered double hydroxides containing Al and Fe, while the 
graphite surface is a simplified model of the pore walls in activated carbon. Adsorption 
enthalpies obtained from simulations at infinite adsorbate dilution show that adsorption is greatly 
favored on the hydroxylated surfaces compared to the graphite surface, with the ethyl molecules 
adsorbing most favorably. In general, alcohols adsorb more strongly than thiols on the 
hydroxylated surfaces, while the reverse is true on the graphite surface. The structure of adsorbed 
monolayers was obtained from simulations of a liquid-like layer above each surface. Monolayer 
surface densities decreased with increasing molecule size. The hydroxylated surfaces were found 
to be amphoteric with respect to both alcohol and thiol adsorption, and primary adsorption sites 
facilitate hydrogen bonding between the adsorbate and several surface hydroxyl groups. 
Alcohols and thiols adsorb at much larger distances to the graphite surface, resulting in the 
smaller adsorption enthalpies. 
 
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. 
Department of Energy's National Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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OBSERVING CATION EXCHANGE IN LAYERED MN OXIDES USING TIME-
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Within the last decade, advances in X-ray detector technology have combined with 
developments in environmental cells to open a new frontier in dynamical clay crystallography.  
The high sensitivity of image plates and CCD cameras allow for the collection of full-circle 
diffraction patterns from clay samples in minutes (or less), particularly in concert with 
synchrotron radiation.  Flow-through environmental cells enable time-resolved X-ray diffraction 
(TR-XRD) studies of mineral-fluid reactions, and when the cells are coupled with fraction 
collectors (Wall et al. 2011), one can correlate changes in crystal structure and fluid chemistry 
with unparalleled precision. 
 
Here we report results from our long-term study of the interaction of dissolved metal cations 
with the phyllomanganate birnessite [Na0.58 (Mn4+

1.42 Mn3+
0.58) O4 . 1.5 H2O], whose structure 

consists of negatively charged sheets of MnO6 octahedra balanced by interlayer cations and 
water molecules.  Birnessite occurs in a variety of soils at minor concentrations, but it can 
control the cycling of metals between solid and fluid phases because of its high redox and cation 
exchange capacities.  Using TR-XRD, we have explored the behavior of synthetic Na-birnessite 
in the presence of dissolved alkali and alkaline earth cations (K+, Cs+, Ba2+), transition metals 
(Cr3+), and a Group V metalloid (As3+).  Our results have revealed that birnessite responds to 
these cations in dramatically different ways.  The Group I and II cations are exchanged into the 
interlayer according to a two-step kinetic law that is mechanistically tied to a delamination-
reassembly pathway (Lopano et al. 2009).  Our calculated rate laws for these exchanges suggest 
that the reaction orders are driven by hydration energies of the dissolved cations.   
 
In contrast, neither aqueous Cr nor As displayed evidence for exchange into the birnessite 
interlayer. The oxidation of Cr3+ to Cr6+ occurred through a concomitant reduction of Mn3+,4+ to 
Mn2+, thereby inducing a phase transition in birnessite from triclinic to hexagonal symmetry.  
Despite studies documenting the oxidation of As3+ to As5+ by birnessite (Oscarson et al. 1981), 
our X-ray diffraction studies revealed no structural change in Na-birnessite during the reaction.  
We speculate that the oxidation of species that occur as neutral or anionic complexes will be 
mediated only at the birnessite surface.  
 
Lopano CL, Heaney PJ, and Post JE (2009) American Mineralogist, 94, 816-826. 
Oscarson DW, Huang PM, and Liaw WK (1981) Clays and Clay Minerals, 29, 219– 225. 
Wall AJ, Heaney PJ, Mathur R, Post JE, Hanson JC, and Eng PJ (2011) Journal of Applied 

Crystallography, 44, 429-432. 
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Clogging of clayey soils at the cutting wheel of a tunnel boring machine (TBM), its discs and the 
conveyors during mechanical tunnel driving represents a technical and economic problem. 
(Maidl et al. 1996). Despite of plenty of case histories and methods of resolution for the problem, 
clogging is still a problem (Thewes 1999). 
 
The adherence of clayey material is currently alleviated by using additives like polymers and 
foams as soil conditioning agents (Milligan 2000). But application of additives provides not a 
guaranty and depends on the in situ conditions at the tunnel construction site. Therefore, electro-
osmosis represents a new idea to avoid the clogging problem. 
 
In electro-osmosis the application of an electric field induces a fluid flow, which might help in 
detaching clayey material from the cutting wheels because of a pressure increase at the contact. 
We performed electro-osmotic flow experiments, spectral induced polarization (SIP) tests and 
zeta-potential simulations on pure kaolinite and sodium-smectite, respectively. Both clays were 
mixed with various pore fluids (deionized water, NaCl 0.1 and 1.0 mol/L, HCl and NaOH 0.001 
mol/L) to obtain the same critical consistency index (IC=0.5). The potentials between the 
electrodes varied from four to ten volt, the wave form was a half-rectified alternating voltage. 
 
The results showed that the electrical and chemical parameters were not only influenced by the 
clay mineralogy per se, but also by the pore fluid chemistry, because the influence of electrical 
conductivity seemed to be stronger than a variation in pH. In order to transfer the results of the 
laboratory study into in situ conditions a feasibility study was performed, with special regard to 
power consumption and gas production of hydrogen by electrolysis. The efficiency of electro-
osmosis is higher for the kaolinite than for the sodium smectite, but in contrast, the clogging 
problem appeared stronger for smectite than for kaolinite. The laboratory study provided 
promising results, but nevertheless a field study will be necessary for evaluating its applicability. 
 
Maidl, B.R., Herrenknecht, M., Anheuser, L. (1996): Mechanised Shield Tunneling. 1st ed., 
 Ernst and Sohn, Berlin. 
Milligan, G. (2000): Lubrification and soil conditioning in tunnelling, pipe jacking and 
 microtunnelling. State of Art Review 1-46. 
Thewes, M. (1999): Adhäsion von Tonböden beim Tunnelvortrieb mit Flüssigkeitsschilden.  
 Berichte aus Bodenmechanik und Grundbau der Bergischen Universität GH 
 Wuppertal, Bd. 21. Disseration, Shaker Verlag. 
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BENTONITE  
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Methylene blue (MB) adsorption test has generally been used for determining either cation 
exchange capacities (CEC) or surface areas of bentonite (Hang and Brindley, 1970). In the 
practical industrial use, MB adsorption capacity is employed for the estimation of 
montmorillonite contents in bentonite and for quality control of mining products (Kaufhold et al., 
2002). However, the CEC measured by MB adsorption often disagrees with those measured by 
other methods, which is caused by the pH-depending edge charge of clay minerals (Kahr and 
Madsen, 1995). In this study, the processes of MB adsorption are investigated to evaluate the 
performance of the conventional MB adsorption analysis. JCSS-3101, standard montmorillonite 
provided by Clay Science Society of Japan, is provided for the experiment. This clay sample has 
119mmol/100g of CEC and Na accounts for 87% of exchangeable cations. The samples were 
dispersed in deionized water, mixed with different concentrations of MB, and kept in dark place 
more than 2 days for equilibration. Subsequently, basal spacing of adsorbed samples was 
analyzed by XRD. The residual MB concentrations were measured by spectrophotometry. As a 
result, the basal spacing was changed from approximately 1.2 nm (original), to 1.6 nm (1st stage) 
and to 2.2 nm (2nd stage), with increasing the MB concentration in the sample. The change from 
1st to 2nd stages occurred around the CEC of the sample. On the 1st stage, the MB was entirely 
absorbed. On the 2nd stage, the MB was adsorbed more than the CEC, and also remained in the 
solution.On the basis of the results, we may interpret that the appearance of excess MB in the 
solution corresponds to the CEC. However, the conventional MB adsorption analysis is carried 
out in shorter time, therefore the analytical time might not be enough for equilibration. 
Furthermore, sodium pyrophosphate solutions as dispersion agents makes the negative edges 
charge of the clay minerals, and thus results in high value of MB adsorption capacity (Kahr and 
Madsen, 1995). For the purpose of measuring CEC by MB adsorption capacity, these problems 
should be taken into account. Hähner et al., (1996) and Bujdák et al. (2002, 2003) suggested 
tilted orientation of the MB molecules on the mica and clay surfaces. In this study, the estimated 
basal spacing is about 0.65 nm on the 1st stage, considering the thickness of the silicate layer to 
be 0.95 nm. This estimation also indicates the possibility of tilted orientation of MB molecules, 
because the shortest side of MB molecule is too short comparing with the space. The change of 
basal spacing around CEC is reported on the studies of surfactant adsorption into interlayer space 
of clay and interpreted as bilayer adsorption (Yui et al., 2002; Koh et al., 2005). Thus, in this 
study, the change of basal spacing from 1.6 nm to 2.2 nm around CEC can be interpreted as the 
change of either tilting angle of MB molecules or adsorbing condition from monolayer to bilayer 
of MB.  
 
Bujdák J., et al. (2002) The aggregation of methylene blue in montmorillonite dispersions. Clay 

Minerals, 37, 121–133. 
Bujdák J., et al. (2003) Molecular orientation of methylene blue cations adsorbed on clay 
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18, 203–212. 
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It is impossible to synthesize an isolated two-dimensional trioctahedral FeIII structure directly 
due to the three-dimensional polymerization of FeIII. The objective of this work is to study the 
formation of such a structure by oxidation of a well defined isolated octahedral FeII-FeIII two-
dimensional structure. A layered FeII - FeIII hydroxide (Green rust, GR) intercalated with 
dodecanoate (GRC12) has been synthesized according to Ayala-Luis et al. (2010). Then it is 
oxidized for 24h at room temperature as a dry powder by dioxygen to produce the corresponding 
layered FeIII (hydr)oxide dodecanoate. The final product (oxGRC12) is pure with the same layer 
structure as in the GRC12 and with the same stoichiometric content of dodecanoate, which 
indicate that charge neutrality of oxGRC12 is maintained by deprotonation of the hydroxyl 
groups. A possible reaction during solid state oxidation would be: 2FeII

2FeIII
1(OH)6(C12H23O2)1 + 

O2 →2FeIII
3O2 (OH)4(C12H23O2)1 + 2H2O. The BET surface is 23 m2/g. As the solid-state 

oxidation proceeds, FeII  in the metal hydroxide layer decreases as the content of FeIII  increases. 
The average d-spacing of the  metal hydroxide + dodecanoate composite layer is 3.5 nm and it 
keeps the same spacing after oxidation as seen from identical locations of the 003, 006, 009, 
0012 basal reflections for the GRC12 and the oxGRC12. The oxGRC12 is very hydrophobic due to 
the hydrophobicity of the dodecanoate interlayer. The dodecanoate is present as free anions in 
the interlayer and is not coordinated to FeIII in the metal hydroxide layer. Vibrations due to 
dodecanoate anions are the same after oxidation: C-H stretching vibration (2957-2850 cm-1) and 
COO- antisymmetric vibrations (1567-1547 cm-1). The global structure is the same after 
oxidation based on the evidence from XRD and FTIR. The Mössbauer isomer shift (δ) and 
quadrupole splitting (ΔEQ) values of the FeII doublet at 80K are the same as for Fe(OH)2, FeII-
phase before oxidation in synthesis process, GRSO4, GRC12, partially oxidized GRC12 , and fully 
oxidized GRC12. In contrast, ΔEQ values of the FeIII doublet increase substantially once GRC12 
gets oxidized. The huge variation in ΔEQ values reflect dramatic changes of the electric field 
gradient and could be ascribed to the distortion of the octahedral sites which result from the 
mixture of OH- and O2- ions at the apices of octahedrons. This could be due to both 
deprotonation and changes in the coordination site geometry. The oxGRC12 is stable in air at 
room humidity (more than one year) and water (from pH 3 to 8) while the exchange of the 
dodecanoate with carbonate destroys the structure. The intercalated dodecanoate anions play a 
crucial role in stabilizing the structure. This is the first report describing the formation of a stable 
layered trioctahedral FeIII (hydr)oxide. The oxGRC12 compound is a promising sorbent of solutes 
that complex with FeIII and/or hydrophobic solutes which can sorb to the hydrophobic interlayer. 
Cyclic reduction/oxidation of oxGRC12 and its magnetochemical properties are being 
investigated. 
 
Ayala-Luis, K. B. et al. (2010) One-pot synthesis and characterization of FeII-FeIII hydroxide 
(green     rust) intercalated with C9-C14 linear alkyl carboxylates. Applied Clay Science, 50, 512-
519. 
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2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a highly toxic environmental contaminant found 
in soils and sediments. Due to its exceptionally low water solubility, TCDD exists predominantly 
in the sorbed state in natural environments.  Clay minerals, especially expandable clays known as 
smectites, are one of the most abundant high-surface area naturally occurring geosorbents in 
soils.  Prior work has established that dioxins can bind to opposing clay interlayers under certain 
conditions. We intercalated TCDD into the interlamellar region of saponite, a naturally occurring 
smectite, exchanged with K+ at a surface loading of 50 mg of TCDD/g of clay using a solvent 
(DMSO) delivery method known as the incipient wetness method.  A combined strategy of X-
ray diffraction (XRD), FTIR spectroscopy, thermogravimetric analysis (TGA), surface area 
analysis and electron microscopy were used to characterize the TCDD-clay complex.  The goal 
of this study was to evaluate reduction in the biodistribution of TCDD resulting from its 
association with saponite clay. The relative bioavailability of TCDD was evaluated by 
comparing the metabolic activity of TCDD administered in the adsorbed state as an intercalate in 
saponite, and freely dissolved in corn oil. This comparison revealed nearly identical TCDD 
induced suppression of humoral immunity, a well-established and sensitive sequela, in a 
mammalian (mouse) model. The nearly 100% relative bioavailability of TCDD demonstrated by 
this comparison suggests that TCDD adsorbed by clays is likely to be available for biouptake and 
biodistribution in mammals, consistent with previous observations of TCDD in livestock 
exposed to dioxin-contaminated ball clays that were used as feed additives. Adsorption of TCDD 
by clays does not appear to substantially mitigate risk associated with TCDD exposure. 
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A Na-exchanged smectite clay (Na-SWy-2) was intercalated with varying amounts of 
dimethyldioctadecylammonium bromide (DODA-Br) corresponding to 0 to 2.0 times the cation 
exchange capacity (CEC) of the clay.  A step-wise increase in d-spacing to a maximum value of 
4.2 nm was observed when treated with 1.5 x CEC of DODA+ and a corresponding carbon 
content of 31.4% organic carbon that is equivalent to a fractional coverage of 1.38 x CEC 
(actual).  Thermogravimetric analysis (TGA) revealed that the clay afforded some protection of 
the intercalated DODA+ cation and this changed with surface loading.  Low temperature 
differential scanning calorimetry (DSC) showed that the gel to liquid crystalline transition was 
much lower than that of the crystalline DODA-Br and was similar to that of aqueous DODA-Br 
vesicles suggesting that this transition is governed mainly by tail-tail interactions in the 
interlamellar region of the clay.  With increasing surface coverage of DODA+, the positions of 
both the nas(CH)  and the CH2 rocking band shifted to lower energy indicating a higher degree of 
order among the alkyl chains at higher surface coverage.  In addition, the positions of both the 
nas(CH)  and ns(CH) bands showed an abrupt increase in energy corresponding to the 
endothermic gel to liquid crystalline phase transition occurring at 53 ºC.  To provide further 
insight, aqueous sorption studies of dibenzo-p-dioxin (DD), a representative hydrophobic organic 
compound that is widely present in contaminated sediment sites, were conducted and compared 
to three other geosorbents corresponding to granular activated carbon (GAC), K-exchanged 
saponite and a muck soil, respectively.  The log Kf values were 5.44, 4.36, 3.11 and 2.39 for 
GAC, DODA-SWy-2, muck soil, and K-saponite, respectively.  Relative to the partitioning of 
dibenzo-p-dioxin into octanol from water, both the GAC and DODA-SWy-2 treated clay showed 
a higher affinity or enhancement compared to that of the octanol phase.  In contrast, the muck 
soil showed a lower affinity for DD compared to octanol. The enhanced uptake of DD by the 
DODA-SWy-2 organoclay is attributed to the physical dimensions and ‘v-shape’ of the 
DODA+ cation, the increase in volume of the clay interlayer, and the low density of intercalated 
DODA+ cations in the clay interlayer estimated at ~0.62 g/cm3 resulting in an ‘open’ structure.    
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Dielectric measurements in the Time Domain as well as the Frequency Domain are widely used 
for in situ and destruction free moisture content determinations. The real part of complex 
dielectric permittivity (ε’) of water (ε’ ≈ 80 at room temperature), which characterizes the 
polarizability of a molecule in an alternating electric field, differs strongly from that of the solid 
mineral particles (ε’ ≈ 3-4) or air (ε’ = 1). Hence, the water content of a multi-phase mixture can 
be calculated with help of calibration functions or mixing rules from the bulk dielectric 
permittivity. However, soils or raw clays containing substantial amounts of swellable clay 
minerals are still a challenge for the moisture detection by dielectric spectroscopy. In contrast to 
the free water in pores between the mineral particles, smectites contain significant amounts of 
bound water in hydration shells of interlayer cations with lower real part of complex permittivity. 
Different opinions are spread about the frequency of bound water relaxation as well as its 
corresponding ε’(Friedman 1998; Klein and Wang 2005; Yu et al. 2006).  
 
To study the influence of clay intrinsic properties on the ability to detect moisture differences 
with dielectric spectroscopy three clayey materials varying in layer charge and cation exchange 
capacity were chosen. Therefore, two swellable clays (one bentonite and one vermiculitic clay) 
and one non-swellable clay (illitic clay) were analyzed with focus on bound water rather than 
free water. Dielectric measurements were implemented in a mid (2.0E+08...1.1E+09 Hz) and 
low (1.0E-04...1.0E+06 Hz) frequency range. Prior to the measurements the materials were 
allowed to equilibrate to 11% and 93% relative humidity (r.h.) to adjust them to certain adsorbed 
water states. The water content was determined by static heating for 24 h at 105°C, by 
Simultaneous Thermal Analysis (STA) as well as dielectric spectroscopy using the calibration 
functions after Topp et al. (1980) and Roth et al. (1992) as well as the Complex Refractive Index 
Model (CRIM, Birchak et al. (1974); Sheng (1990)). Statistical analysis was done using the non-
parametric Spearman’s Rank Correlation Coefficient and STATISTICA 8.0 by StatSoft. Material 
properties such as cation exchange capacity (CEC) as well as supplemental properties were 
determined. 
 
Moisture differences could successfully be determined in the low frequency range for all three 
clays whereas the mid frequency range could only display the moisture differences for the non-
swellable illitic clay. Since swellable clay minerals contain a significant fraction of water 
strongly bound within the interlayer and relaxation of bound water occurs at lower frequencies 
than relaxation of free water, the lower frequency range showed to be more sensitive to detect 
moisture changes. However, for quantitative moisture content determinations this frequency 
range is mainly unsuitable, since further effects, such as electrode polarization and interfacial 



	   60	  

polarization mask the bound water polarization. Major clay intrinsic property hindering the 
observation of moisture changes within the mid frequency range is a high CEC, since it results in 
predominantly binding of water as hydration shells around interlayer cations rather than on 
silicate surfaces, especially with volumetric water contents lower than about 40%. 
 
Birchak, J.R., Gardner, C.G., Hipp, J.E., and Victor, J.M. 1974. High dielectric constant 

mircrowave probes for sensing soil moisture. Proceedings of the IEEE, 62(1): 93-98. 
Friedman, S.P. 1998. A saturation degree-dependent composite spheres model for describing the 

effective dielectric constant of unsaturated porous media. Water Resour. Res., 34(11): 
2949-2961. 

Klein, K., and Wang, Y.-H. 2005. Towards a Better Understanding of the Electro-Magnetic 
Properties of Soils. In IUTAM Symposium on Physicochemical and Electromechanical 
Interactions in Porous Media, pp. 241-250. 

Roth, C.H., Malicki, M.A., and Plagge, R. 1992. Empirical evaluation of the relationship 
between soil dielectric constant and volumetric water content as the basis for calibrating 
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INTRODUCTION TO THE IMPACT OF CLAY MINERALS IN OIL SANDS MINING 
 
H. Kaminsky 
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Clay minerals play an important role in the oil sands industry. In particular the quantity and 
surface area of clay minerals has been correlated with bitumen recovery, generation of fine fluid 
tailings and the consumption of energy and flocculant required to treat the fine fluid tailings, 
plasticity index and permeability of deposited tailings. It is also known that different types of 
clay interact to a greater or lesser extent with the solvents and bitumen present in froth treatment 
processes which in turn may influence the formation of problematic rag layers and the degree of 
solvent consumption.  This presentation provides an overview of the way typical oil sands 
mining operation is influenced by the clay minerals present in the ore. The presentation is meant 
to provide an introduction to clay scientists who may be interested in pursuing research in this 
area.  
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The layer charge density (LCD), representing the permanent negative charges only, is the most 
important property of smectites. Its determination, however, is still under discussion. The LCD 
can be determined either by the structural formula method (based on the chemical composition of 
the pure smectites) or by the alkylammoniummethod (based on the peak migration upon 
intercalation of a set of different n-alkylammonium cations). Comparing the different results 
Laird (1994) showed that both methods differ systematically: 1) for low charged smectites both 
methods provide identical results and 2) the difference of the LCD increases with increasing 
LCD. Several attempts were made to explain these features but hardly any was able to explain 
why the difference is systematic, i.e. increases with increasing LCD. Hence, Kaufhold et al. 
(2011) considered all apparently important parameters and concluded that on the one hand 
impurities as traces of feldspar or even the hardly detectable volcanic glass can explain some of 
the observed differences. On the other hand considering only smectite samples without traces of 
such impurities the difference remains for higher LCD values. Also other relevant parameters 
such as the Fe-content (including Fe2+/Fe3+ ratio), the rest-water content (up to 200 °C), and the 
variable charge do not depend on the LCD.  
 
The investigation of Cu-trien and repeatedly alkylammonium exchanged (“homoionic”) pure 
smectite fractions (without traces of such impurities) using XRF analysis proved that even these 
smectites contain appreciable amounts of Na, K, and Ca. The sum of the negative charges of 
these elements depends on the absolute value of the layer charge density. This means: The larger 
the LCD the larger the content of Na+K+Ca of either Cu-trien or alkylammonium exchanged 
pure smectites. The following model was proposed: Alkylammonium (reaction parameters taken 
from Lagaly, 1994) does not exchange all permanent charge sites, some non-exchangeable non-
structural cations withstand the exchange process (collapsed interlayer regions of smectites). 
These cations can also not be exchanged by the typical CEC index cation Cu-trien. This explains 
why the CEC and the LCD determined by alkylammonium agree well but not the CEC and the 
LCD of high charged smectites determined by the structural formula method. In conclusion, 
determining both, the structural formula method LCD and the alkylammoniummethod LCD 
describes the ratio of non-exchangeable to exchangeable sites. If pure smectite fractions are not 
available only one parameter can be determined for such samples which is the amount of 
exchangeable sites using alkylammoniummethod.  
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The interlayer of smectites is known to breakdown (collapse) upon drying. The most relevant 
question is if this collapse is reversible. 30 bentonites from all over the world were stored at 
90°C for 1.5 a, and at 120°C for 4.5 years. The bentonites were used with their natural cation 
population. Og course, K+ occupation followed by drying is a special case which is discussed 
elsewhere (e.g. Kaufhold et al., 2010b). 
 
The CEC decreased by 9 % and 14 %, respectively. Exchangeable Ca2+ decreased by 7 and 
13 %, respectively. Sample 5 showed gypsum formation caused by pyrite oxidation. 
Exchangeable Mg2+ decreased by 11 and 21 %, respectively. Exchangeable Na+ decreased by 7 
and 8 %, respectively. Exchangeable K+ values were low, hence changes were hardly significant. 
Smectite alteration after extensive drying was restricted to changes of the exchangeable cations.  
The difference of the amount of exchangeable cations between the 90°C and the 120°C test was 
much smaller for Na+ than for the divalent cations. This suggests a proceeding Ca/Mg fixation.  
Bentonites differ with respect to the extend of irreversible loss of swelling capacity (here CEC) 
after extensive drying. The reasons for these differences, i.e. why one bentonite looses more 
CEC than another, are not yet understood. The layer charge density only explains the reduction 
of the water uptake capacity but not of the CEC.  
 
Kaufhold, S., Dohrmann, R. (2010a) Effect of extensive drying on the cation exchange capacity 
of bentonites. – Clay Minerals, Vol. 45, No. 4, p. 441 – 448. 
Kaufhold, S., Dohrmann, R. (2010b) Stability of bentonites in salt solutions II. Potassium 
chloride solution — Initial step of illitization? – Applied Clay Science, 49, 98 – 107. 
Kaufhold, S., Dohrmann, R. (2009) Stability of bentonites in salt solutions I sodium chloride. – 
Applied clay science, 45, 3, p. 171 – 177. 
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Clays and clay minerals together with zeolites are major mineral components in the earth's 
surface environment.  These minerals interact with the atmosphere, natural water, inorganic and 
organic components in soils, etc.  Physicochemical processes in the surface region are generally 
complex and difficult to understand because of the complicated "molecular" structures and the 
ambient conditions under wet circumstances.   We have investigated the structure and physical 
and dynamical properties of the mineral-gas/liquid systems by means of molecular simulation 
methods; molecular dynamics and Metropolis Monte Carlo methods.  Swelling of smectites and 
adsorption of inorganic molecules in clay minerals and zeolites, etc. were simulated and 
analyzed on the basis of the atomic and molecular processes using the methods.  We have 
developed atomic and molecular interaction models of inorganic systems.  The models compose 
of electrostatic, short range repulsive, van der Waals and covalent (radial and angular) terms with 
respect to all the elements appeared in the mineral-water systems.  All of our molecular 
dynamics simulations (MD) were performed with full degree of freedom of atom motions in the 
systems.  Using our model for H2O molecule, the structure and physical properties such as 
density, diffusion coefficients, etc. of ice polymorphs and water are well reproduced.  
Alkaliharide aqueous solutions and gas hydrates and their (hydrophobic) solutions are also 
reasonably simulated.  Clay mineral-water interactions are particularly important to understand 
the mechanical and chemical processes in the environments, in order to develop nano-composite 
materials, and to use clays in engineering applications. Absorption and swelling are the most 
remarkable properties of clay minerals, specially smectites.  We have investigate these properties 
by means of molecular simulation methods using various clay minerals-water/solution systems.  
The swelling curves, the relation between humidity and the basal spacings, were reproduced 
quantitatively, and nano-scopic structural and dynamic properties of interlayer aqueous solutions 
were obtained.  Wetting of clay mineral surfaces determines the mechanical properties of clays, 
soils and sedimentary rocks.  We investigated the wetting properties of smectite, kaolinite, 
pyrophyllite, brucite, etc.  The wetness of these minerals is quite different with each other.  The 
reson of these difference was demonstrated by our molecular simulations.  One of our main 
purpose of studying clay nano-properties ais to know the fundamental nano-mechanical 
characteristics of clays, and to apply these properties to predict long term behavior of clay-based 
materials, such as engineering barriers for radioactive waste disposal.  For this purpose, unified 
nano-micro-macro mechanical approaches should be established(Ichikawa et al., 1999, Coi et al., 
2008)  
 
Ichikawa, et al. (1999) Unified molecular dynamics and homogenization analysis for bentonite 
behavior: Current results and future possibilities. Engineering Geology, 54, 21-31.   
Choi, et al. (2008) Transport phenomena in kaolinite clay: Molecular simulation, 
homogenization analysis. Int.J.Numer. Analy. Meth. Geomech., DOI:10.1002/nag.744.) 
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This work reports the preparation and characterization of new nanohybrid materials obtained by 
the grafting of organic units on the interlayer surfaces of kaolinite by utilizing kaolinite pre-
intercalates (dimethylsulfoxide or urea) as starting materials. These materials are then used as 
sensors for the selective detection of anions. The chemical modification process involves the in-
situ displacement of the pre-intercalated dipolar organic molecule by ionic liquids, as well as by 
amine or organo-silane derivatives, followed by their grafting under carefully controlled melt 
reaction conditions. The structure of the resulting materials was characterized by X-ray 
Diffraction (powder and oriented sample), thermal analysis (TG, DTG), FTIR, as well as by 13C 
CP/MAS NMR spectroscopy. It demonstrated the covalent binding of the cationic species on the 
kaolinite internal surfaces. Ion-exchange and permeation properties of the new nanohybrid 
materials were tested upon their deposition onto the surface of glassy carbon electrodes by means 
of multi-sweep cyclic voltammetry, in comparison to electrodes coated with unmodified 
kaolinite. A linear relationship was found between the specific area of pure and grafted kaolinite 
and the increase in d001 spacing depending upon the size of the grafted cation. The modified 
kaolinites excluded anions of dimensions larger than the pore openings, and consequently, the 
relative electrochemical responses of the modified electrodes depended strongly upon the size of 
the analyzed anion.  
 
This work shows that the layered structure of kaolinite could be exploited to obtain size-selective 
anions electrochemical sensors if the interlayer distance could be tuned by the careful choice of 
rigidly fixed grafted cations in order to obtain anions sieves materials. The objective of this work 
was to control the interlayer distance and structuration of kaolinite by functionalizing the internal 
surfaces with cations of ionic liquids. A melt intercalation technique was used for their 
intercalation and grafting. They were chosen on the basis of their bulkiness to obtain a variety of 
interlayer distances. These materials were used as electrode modifiers in order to achieve 
selective electrochemical detection of some anions according to their size. 
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It is well known that clay fabric can be altered through a variety of techniques including 
changing pore fluid pH and ionic concentration, applying an external electric field, and applying 
polymer additives.  Clay fabric alteration leads to changes in macro-scale clay properties such as 
permeability, shear strength, and swelling behavior.  Clay-polymer nanocomposites (CPN) have 
successfully been synthesized through a solution intercalation technique using an expansive clay 
and a responsive polymer.  Yet, conformational behavior of polymer in the CPN is not fully 
understood due to many factors affecting the behavior.  Changes in the conformation are 
inherently critical to tunable CPN of which morphology varies with external environmental 
conditions such as pH, ionic concentration, temperature, and electric field.  This study utilizes a 
pH-responsive polymer which has time-dependent hydrolysis behavior to investigate micro-scale 
conformational behavior of the polymer adsorbed on a simulated clay mineral surface.  The 
conformational behavior was characterized using real-time spectroscopic ellipsometry in situ.  
Swelling tests were conducted as a function of pH and time to link micro-scale phenomena to 
meso-scale CPN behavior.  Contracted coil conformation was observed at pH=3, while extended 
conformation was observed at pH=11.5.  At pH=11.5, the polymer conformation changed from 
expanded coil to extended conformation over time.  Results from the swelling test show the same 
trend as observed from spectroscopic ellipsometry. 
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Mackinawite (tetragonal FeS) is a layer-type mineral composed of edge-sharing FeS4 tetrahedral 
sheets stacked along the c-axis. This mineral, formed readily by sulfate-reducing bacteria under 
anoxic conditions, impacts metal biogeochemical cycles via its fast redox kinetics. Mackinawite 
is nanocrystalline and vulnerable to air-oxidation; thus it has proven difficult to elucidate its 
redox mechanisms using laboratory techniques alone. To address this problem, we applied X-ray 
absorption and photoemission spectroscopy along with quantum mechanical [density functional 
theory (DFT)] to elucidate the electronic and magnetic structure of mackinawite, which is key to 
understanding its redox reactivity. We show that mackinawite has a metallic electronic structure, 
in which planes of Fe(II) with highly-delocalized 3d electrons are sandwiched by S(-II) planes, 
indicative of facile electron transfer. We also provide new evidence for a non-zero magnetic 
moment on Fe(II) and strong itinerant spin fluctuations, both indicative of superconductivity. 
Lastly, we present combined DFT and X-ray absorption spectroscopic results revealing adsorbed 
Hg(II) reduction by mackinawite and indicating the likely electron-transfer path.  
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The aim of this study is to investigate the process of gradual dissolution of a Na+-saturated 
montmorillonite in HCl on the properties of the products obtained. Spectroscopic evidence on the 
structural changes (Pentrák et al., 2010) will be discussed. Kopernica bentonite deposit is 
situated in the south-western margin of the Kremnické vrchy Mts. in the Western Carpathians, 
Slovakia. White bentonite has originated by alteration of rhyolitic materials. The dominant 
mineral is an Al-Mg montmorillonite; the admixtures include biotite, quartz, cristobalite, 
kaolinite and K-feldspar. The samples were treated with 6 M HCl for 1-36 hours at 95 °C with 
every hour stirring, filtered and washed with water. The liquids were combined and analyzed for 
Al, Fe, and Mg yielding the dissolved fractions of these metals upon the treatments. The solid 
products were dried and ground to pass through a 0.2 mm sieve and investigated by XRD, IR 
spectroscopy in the middle (MIR) and near (NIR) regions, 29Si, 27Al and 1H MAS NMR 
spectroscopy. All the methods provided evidence on increasing dissolution of montmorillonite 
with the reaction time. Gradual shift of the complex Si–O stretching band from 1041 cm-1, 
typical for Si bound in the layers, up to 1102 cm-1 in the spectra of the most extensively 
dissolved materials proves substantial modification of the nearest environment of Si atoms upon 
acid treatment. This position is characteristic for Si–O bonds in three-dimensional framework, 
occurring in amorphous silica, the final reaction product. Further changes in the MIR spectra 
include a gradual decrease of the OH and Al–O–Si bending vibrations. The band near 800 cm-1 
assigned to Si–O vibrations of amorphous silica increases. NIR spectra show a gradual decrease 
in the intensities of the structural OH overtone (7100 cm-1) and combination (4540 cm-1) bands 
reflecting a fewer number of octahedral atoms. The band near 7315 cm-1 of the vibrations of 
isolated SiOH groups shows the formation of a protonated silica phase and the broad band near 
7130 cm-1 indicates two OH groups bound to a Si atom (HOSiOH) in extensively treated 
materials. 29Si MAS NMR spectra show the presence of Si bound in quartz at -107.3 ppm, in the 
montmorillonite layers Q3(1Al) and Q3(0Al) at -88,0 and -93.4 ppm, and in the reaction product 
Q4(0Al) at -111.2 ppm containing also SiOH (-101.0 ppm) and HOSiOH (-91.9 ppm) groups. 
Octahedral and tetrahedral Al is detected in the 27Al and 29Si MAS NMR spectra. Data on 
dissolution of octahedral cations from the solution analyses correlate well with those obtained 
from the spectroscopic methods and with the decrease in CEC. 
 
Pentrák, M.. et al. (2010): Effect of chemical composition and swelling on acid dissolution of 2:1 
clay minerals. Philosophical Magazine, 90, 2387-2397. 



	   70	  

VARIABILITY OF THE MINERALOGY OF CLAY GOUGES FROM THE HIGH 
TATRA MOUNTAINS, POLAND 
 
Artur Kuligiewicz1, Michal Skiba1, Chris M. Hall2, Marek Szczerba3 
 

1Institute of Geological Sciences, Jagiellonian University, st. Oleandry 2A 30-063 Kraków, 
Poland artur.kuligiewicz@uj.edu.pl 
2Department of Geological Sciences, University of Michigan, 2534 C.C. Little Building,  
Ann Arbor, Michigan, USA 
3Institute of Geological Sciences, Polish Academy of Sciences - Research Centre in Warsaw, st. 
Twarda 51/55, Warsaw, Poland 
 
The High Tatra Mountains are a part of the Inner Western Carpathians which is situated on the 
border between Poland and Slovakia. The  varscian crystalline granitic core of the High Tatras is 
cut by numerous shear zones. Along some of the zones clay gouges have been developed. The 
aim of the present study was to determine the qualitative and quantitative composition of the 
selected clay gouges. Due to the fact that most of the gouges are located in tough high mountain 
teraine  samples from 8 relativelly easily accesible sites were collected for the purpose of the 
study. (Wołowa Turnia, Kozia Przełęcz Pass, Plecy Mnichowe, Żleb Mnichowy from Galeria 
Cubryńska, upper part of Żleb Mnichowy, Żleb Pod Zadnim Mnichem, Wrota Chałubińskiego, 
Gładka Przełęcz). Bulk samples and separated subfractions (i.e. < 0.2 µm, < 2 µm, 0.2–2 µm, 2–
10 µm) were analysed using the XRD method. The < 0.2 µm subfractions from all the samples 
were also examined using Fourier Transform Infrared Spectrometry.  Dioctahedral micas (1Md, 
1M and 2M1 polytypes), quartz, chlorite, dioctahedral smectite,Na-plagioclase, and K-feldspar 
were indentified in the samples from most of the gouges studied. Mixed-layered R1 illite-
smectite minerals were also identified in the samples from the Żleb Mnichowy. Significant 
variations in mineral composition were observed between samples from different sites and 
between different samples collected within the individual gouges). Dioctahedral smectite, 1M + 
1Md mica and illite-smectite mixed layered minerals can be interpeted as authigenic components 
of the gouges while 2M1 mica, quartz, feldspars, and chlorite were most likely inherited from the 
parent granitoids. The authigenic components, were most likely formed by hydrothermal 
alteration of feldspars and biotite during the youngest (i.e. brittle) phases of the shear zones 
activity. Because the sample from the Kozia Przelecz Pass exhibited a relatively simple mineral 
composition (i.e.1M mica + 2M1 mica + quartz) it was selected for 39Ar-40Ar radiometric dating 
of the gouge formation using the vacuum encapsulation technique, which accounts for the loss of 
39Ar due to recoil. An attempt was made to extract the age of both 2M1 and 1M + 1Md mica 
polytypes. Ages 6.2 ± 6.2 Ma and 155.8 ± 14.8 Ma were obtained for 1M + 1Md and 2M1 
polytypes respectively. The estimated age of the authigenic component corresponds to the final 
uplift of Tatra Mountains in Tertiary time, measured with apatite fission tracks (Kováč et al., 
1994).  
 
Kováč, M., Král’, J., Márton, E., Plašienka, D. & Uher, P. 1994: Alpine uplift history of the 
Central West Carpathians: geochronological, paleomagnetic, sedimentary and structural data. 
Geologica Carpathica 45, 83–96 
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PYROLYSIS TEMPERATURE IMPACT ON NATURE AND STABILITY OF 
BIOCHAR 
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Humanity is facing a nexus of growing energy insecurity due to the advent of peak global oil 
production, global food insecurity due to increasing population and rapidly increasing food 
demand in emerging economies, and global climate change driven largely by emissions of 
greenhouse gases from the energy and agricultural sectors of the economy. Climate change, soil 
degradation, rapid depletion of aquifers, and the melting of mountain glaciers, are threatening to 
derail the century-long increase in global food production capacity, which is the foundation of 
economic growth and political stability. The biochar vision has emerged in the last few years as 
one way of helping to mitigate this nexus of global challenges. The vision proposes the 
development of an industrial biomass pyrolysis system that produces bio-oil, which is refined 
into liquid transportation fuels, and biochar, which is used as an amendment to enhance soil 
quality and sequester carbon. Many aspects of the vision remain to be addressed by research.  
Here the influence of pyrolysis temperature on the composition, structure, and stability of 
biochar produced by pyrolysis of corn stover is reported. Mass recovery of biochar following 
corn stover pyrolysis decreases from 83 to 31% as peak pyrolysis temperature under N2 purge 
increases from 200 to 700°C. Mass recoveries of C and N, respectively, decrease from 94 to 43% 
and 97 to 43% over the same temperature range. Mass recovery of ash is nearly 100%, however, 
the ash content of biochar increases from 9 to 36% with increasing pyrolysis temperature. The 
mass recovery of O, determined by difference, decreases from 40 to 0%, over this temperature 
range. The stability of biochar against oxidation, as measured by digestion in 30% H2O2, 
increases from 40 to 65% as pyrolysis temperatures increase from 200 to 300°C, then decreases 
to 49% by 400°C, and finally increases to nearly 100% by 600°C. X-ray diffraction reveals a 
broad peak at 3.89Å and a series of low-intensity overlapping peaks between 13 and 21 degrees 
two-theta (Cu Kα radiation), which are indicative of dehydrated cellulose over the entire 
temperature range. For pyrolysis, temperatures greater than 300°C an XRD peak at 3.37 Å is also 
evident, indicating the formation of graphitic domains. The ability of biochar to contribute cation 
exchange capacity and water retention capacity to soils is influenced by surface area and the 
surface density of polar oxygen-containing functional groups. Low-temperature biochars 
(<300°C) have high cation and water retention capacity due to residual oxygen from incomplete 
pyrolysis of biopolymers. Low-temperature biochars, however, contain bioavailable C and will 
mineralize rapidly in soil environments contributing to nutrient immobilization. High 
temperature (>600°C) biochars, by contrast, are highly stable in soil environments but contribute 
little cation or water retention capacity due to hydrophobic surfaces dominated by graphitized C.  
High temperature biochars may also contain phytotoxic and potentially carcinogenic 
polyaromatic hydrocarbons. Medium temperature biochars (450-550°C) are initially hydrophobic 
but surface oxidation in soil environments generates cation and water retention capacity over 
time. Medium temperature biochars are highly stable in soil environments and hence provide 
long-term soil quality enhancement without contributing significantly to nutrient immobilization.  
A key challenge facing the emerging bioeconomy is the optimization of industrial pyrolyzers to 
simultaneously produce high-quality bio-oil and high-quality biochar.  Such optimization is 
necessary to obtain the maximum mitigation of the nexus of challenges facing humanity.   
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Recent studies have documented the ubiquitous occurrence of polychlorodibenzo-p-dioxins and 
dibenzofurans (PCDD/Fs) of unknown origin in soils and clay deposits. The distinctive PCDD/F 
congener profiles, dominated by high-chlorinated PCDDs, do not match any known natural or 
anthropogenic source, and global PCDD/F budgets fail to account for the observed levels in 
soils. To reconcile these observations, clay minerals had been hypothesized to play a central role 
in the natural in situ synthesis of PCDD/Fs from precursor polychlorophenols. We observed that 
under low relative humidity, octachlorodibenzodioxin (OCDD) forms spontaneously from 
pentachlorophenol (PCP) on the surfaces of Fe(III)-saturated clay mineral, and predioxins of the 
most toxic PCDD congeners, tetrachloro- and pentachloro-dizenzodioxins form from 2,4,5-
trichlorophenol (2,4,5-TCP) and 2,4,6-trichlorophenol (2,4,6-TCP) under the same conditions. 
The predioxins can be readily converted to dioxins under mild conditions. We used in situ 
Fourier transform infrared (FTIR) methods and quantum mechanical calculations to determine 
the plausible reaction pathways and mechanisms. The results mutually support the hypothesis 
that PCDDs formation on Fe-smectite surfaces is initiated by the reversible formation of 
metastable polychlorophenol radical cations via single-electron transfer from the 
polychlorophenol to Fe(III). The key role of clay mineral is apparently to stabilize the reactive 
radical cation intermediate. The reaction mechanisms suggest PCDDs formation reactions on 
clay surfaces are more facile for less toxic higher chlorinated congeners like OCDD, which is 
consistent with the observed PCDD congener distributions in soils. in-situ PCDD formation 
occurs in the clay interlayers and this may affect their bioavailability to targeted organisms. To 
address this issue, we are currently conducting feeding studies where TCDD-clay intercalates are 
administered to a mammalian model (mice). 
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The investigation of water-mineral interfaces plays a pivotal role in the study of various 
environmental and geochemical problems. The prime reason for exploring the ion-water-mineral 
interactions lies in the fact that it determines several phenomena ranging from transport of 
elements, swelling, dispersion, and mineral alteration and so on. These interactions would be 
different for different surface cations and at different degrees of hydration. Recent experimental 
studies support the notation that the K+ ions on the hydrated muscovite surface can be exchanged 
for the hydronium(H3O+ ) ions[1]. Similarly, surface K+ ions can also be exchanged for 
ammonium in the aqueous solution(eg.,in tobelite)We have investigated the structure and 
dynamics of these ionic species at the hydrated surface of muscovite by molecular 
dynamics(MD) computer simulations using CLAYFF force field. In addition to replacing the 
interlayer cations, a series of MD simulations have been performed with varying amounts of 
water on the muscovite surface at ambient conditions for each of the exchanged cations. Atomic 
density profiles as functions of the distance from the muscovite surface were calculated for all 
atoms types present in the simulation. The comparison of hydration states and the topological 
details of the H-bonding network around the three ions on the surface help to interpret the 
structure and dynamics of the ions in the confined geometries. The angular distributions of the 
H2O, NH4

+ and H3O+ molecules with respect to the muscovite surface have been studied. The 
dynamics of water molecules were further examined by self-diffusion coefficients calculated 
from the mean square displacement of water oxygen or nitrogen atoms and by 
exchange/reorientation time correlation functions of the surface molecules. Results obtained 
from the simulations are compared with the available experimental data and other previous 
simulations and provide reliable molecular scale-view of the structure and dynamics of the ions 
and water on the muscovite surface.  
 
 
Bowers G. et.al (2008) Cation exchange at the mineral-water interface H3O+/K+ competition at 

the surface of nano-muscovite, Langmuir, 24, 10240 
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Modified clay minerals are widely used in industry and environmental protection mainly as 
sorbents, catalysts and polymer fillers. Smectite minerals provide a starting material for the 
synthesis of e.g. pillared clays (PILC) and porous clay heterostructures (PCH) which are used as 
efficient catalyst carriers. However increasing attention is focused on kaolin group minerals as 
they quantitatively dominate among clay minerals and can be successfully used for the synthesis 
of various organo-mineral complexes and polymer-mineral hybrid materials (e.g. Letaief and 
Detellier, 2009; Matusik et al., 2011). So far kaolinite derivatives with alkylammonium salts 
were described only by Kuroda et al. (2010). Therefore the objective of the research was to 
investigate the possibility of formation and structural features of kaolinite intercalates with 
selected benzylalkylammonium chlorides. For the experiments a well ordered kaolinite (M) 
(Hinckley index = 1.31) from Polish Maria III deposit and the following ammonium chlorides: 
benzyltrimethylammonium (B1), benzyltributylammonium (B2), benzalkonium (B3), 
benzyldimethyltetradecylammonium (B4) and benzyldimethylhexadecylammonium (B5) were 
used. First, the precursor of kaolinite with DMSO was prepared (MDS). Second, the MDS was 
reacted with methanol to obtain a grafted methoxy-kaolinite complex (MM). Third, the MM was 
dispersed in a 0.1 M, 0.5 M or 1.0 M solution of ammonium salt in methanol (MB1-MB5). 
 
For the MB2 the intercalation did not take place to a significant extent probably due to steric 
hindrance. For the wet MB1 and MB3-MB5 samples XRD indicated an expansion of the 
interlayer space. The d001 was equal to: MB1 (~14.0 Å), MB3 (~33 Å), MB4 (~35 Å) and MB5 
(~37.5 Å). After drying of the MB3-MB5 the d001 values and corresponding higher order 
reflections were shifted to lower values by ~2 Å due to removal of mobile methanol molecules 
which were not grafted. For the B1 molecule a monolayer arrangement was noticed, while the 
B3-B5 salts were tilted with respect to kaolinite layers. The inclination angle depended on the 
initial salt concentration. It was identical for the B4 and B5 molecules at 0.5 M/L both in a wet 
(~75°) and dry (~62°) state suggesting their similar behaviour in terms of arrangement in the 
interlayer space of methoxy-kaolinite. As kaolinite layer is generally free of charge it is proposed 
that all salts were introduced with chlorine atoms which neutralized the positive charge of 
benzylalkylammonium cations. Intercalation of ammonium salts changed the surface character of 
mineral to strongly hydrophobic and significantly increased the interlayer space. Therefore the 
obtained derivatives will be tested as fillers for the preparation of nanocomposites with 
hydrophobic polymers. 
 
Kuroda, Y., et al. (2009) One-step exfoliation of kaolinites and their transformation into 

nanoscrolls. Langmuir, 27, 2028-2035. 
Letaief, S., Detellier, C. (2009) Functionalization of the interlayer surfaces of kaolinite by 

alkylammonium groups from ionic liquids. Clays and Clay Minerals, 57, 638-648. 
Matusik, J., et al. (2011) Synthesis of polylactide/clay composites using structurally different 

kaolinites and kaolinite nanotubes. Applied Clay Science, 51, 102-109. 
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The common procedures of determining the cation exchange capacity (CEC) of clays with 
ammonium ions are often time-consuming and laborious (Mackenzie, 1951). Fast methods have 
been developed applicable to a wide range of clay minerals using complexed transition metal 
ions as exchanging index cations, e.g. copper triethylenetetramine [Cu(II)-trien]2+ (Meier and 
Kahr, 1999). However, this method suffers from a significant underestimation of the CEC of 
high-charged clay minerals like vermiculites.  
 
A recently developed method to measure the CEC with guanidinium [C(NH2)3]+ as exchanging 
ion (Minder and Plötze, 2010) was simplified in terms of sample preparation and quantification 
of concentrations. The procedure was optimized to measure both smectites and vermiculites with 
high layer charge densities. 
 
Sample preparation consisted in one single mechanical step: Wet grinding of the sample in the 
guanidinium solution. In this step, both dispersion and particle size reduction was achieved 
rapidly. Cation exchange reaction started already during grinding and was allowed to continue 
overnight in an overhead shaker at room temperature. Guanidinium concentration of the 
centrifuged supernatant was determined with a guanidinium selective electrode (modified after 
Assubaie et al., 1989). The wide linear range of this electrode (10-1 mol/L to 10-4 mol/L) allowed 
minimizing errors arising from heavy dilution encountered in fluorescence-spectrometric 
determination of guanidinium. 
 
The new procedure was tested on pure vermiculites and a set of well-studied commercially 
available bentonites. Comparison with the values obtained with the ammonium acetate method 
and with published values by others (e.g. Kaufhold and Dohrmann, 2008) showed good 
agreement for all examined bentonites. The method tends to slightly underestimate the CEC for 
the natural ionic forms of vermiculites. However, full correspondence could be achieved for 
vermiculites after previous sodium exchange. 
 
Assubaie, F. N., Moody, G. J., and Thomas, J. D. R. (1989) Analyst, 114 (12), 1545-1550. 
Kaufhold, S. and Dohrmann, R. (2008) Appl Clay Sci, 39, 50–59. 
Mackenzie, R.C. (1951) J Coll Sci, 6, 219-222.  
Meier, L.P. and Kahr, G. (1999) Clay Clay Miner, 47, 386-388.  
Minder, P. and Plötze, M. (2010) Acta Mineral Petrogr Abstr. Ser., 6, 76 
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The structure and dynamics of water in clays affects the properties of these materials and the 
mobility of species within environmental systems.  In addition, the presence of charge-balancing 
ions and surface structure of the mineral play a role in the short- and long-range order and 
orientation of water molecules in interlayers and on the surface.  As such, atomic level 
descriptions of water and ions in these systems has been challenging(Wang et al., 2006).  
However, classical molecular dynamics (MD) simulations permit such descriptions and enable 
the corroboration of experimental observations as well as further insight into the structure and 
dynamics of water and ions in clays.  The structure and dynamics of water and ions both in the 
interlayers and at the surface of layered materials have been investigated with MD 
simulations(Wang et al., 2006), and here they are employed to determine the structure of Na+ 
and H2O in Na-hectorite, where the degree of hydration is varied within the samples.  
Computational results are compared with experimental observations(Bowers et al., 2011).   
 
To date, one major challenge of modeling processes involving minerals has been accurate 
description of edge sites.  Increased reactivity versus basal sites has significant implications to a 
number of geochemical phenomena, but inclusion of this difference within MD simulations has 
been elusive.  The existing CLAYFF force field(Cygan et al., 2004) employs partial charges on 
atoms within the system, and delineating appropriate charges for edge sites is one possible 
solution for modeling increased reactivity at these sites.  A strategy for incorporation of edge site 
descriptions within the CLAYFF force field is presented. 
 
Bowers, G.M., et al. (2011) Alkali metal and H2O dynamics at the clay/water interface. J. Phys. 

Chem. C, submitted. 
Cygan, R.T., et al. (2004) Molecular models of hydroxide, oxyhydroxide, and clay phases and 

the development of a general force field. J. Phys. Chem. B, 108, 1255-66. 
Wang, J.W., et al. (2006) Effects of substrate structure and composition on the structure, 
dynamics, and energetics of water at mineral surfaces: A molecular dynamics modeling study. 
Geochim. Cosmochim. Ac., 70, 562-82. 
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The oil sands deposit in Alberta displays a high variety of mineral composition. The oil sands are 
composed of four petrologically different kinds of rocks, called “end members”, representing 
various sedimentary environments: estuarine sand, estuarine clay, marine sand, and marine clay. 
The combination of the different end members affects the properties of the oil sands. 
 
Applying organic solvents in bitumen extraction from oil sands is an alternative to the current 
commercial hot water extraction. Certain minerals (clay minerals, Fe oxides and hydroxides) of 
the oil sands may affect processability of the ore during the non-aqueous extraction. These 
minerals may interact with the solvent, bitumen, and/or water due to their high specific surface 
area, high surface ion exchange or redox activity, and specific physicochemical properties. 
Hence, the mineral and chemical characterization of the four end members is crucial for the 
better understanding of the mineralogical and geochemical factors affecting non-aqueous 
bitumen extraction and solvent recovery from the extraction tailings. 
 
In this study, the four end members from the Fort McMurray area were used. The end members 
were pretreated using the Dean-Stark procedure to remove the bitumen. The samples were then 
separated into several solid fractions (>45, 2 – 45, 0.2 – 2, and <0.2 µm) and further analyzed by 
X-ray diffraction (XRD), quantitative XRD, elemental analysis, inductively coupled plasma 
mass spectroscopy (ICP-MS), Mössbauer spectroscopy and cation exchange capacity (CEC) 
measurements.  
 
The bitumen content varied in the bulk samples between 0.5 to 16.6 wt.%. Elemental analysis 
showed the presence of 0.5 – 5.0 wt.% of toluene insoluble carbon after bitumen removal. More 
than 93 % of the total insoluble carbon content was organic carbon. In all studied samples the 
same trend for carbon evolution was observed; the toluene insoluble organic carbon content 
increased progressively in the finer fractions. This indicated that the toluene insoluble organic 
carbon is associated mainly with the clay minerals. 
 
The bulk samples were mainly composed of quartz (54 – 95 wt.%) with a small amount of K-
feldspar (3 – 4 wt.%) and traces of siderite and anatase. Marine samples (marine sands and 
marine clay) contained 2 – 7 wt.% of carbonates (calcite, dolomite). Kaolinite, illite, illite-
smectite, kaolinite-smectite, and chlorite were the dominant clay minerals. Total clay content in 
the sand and clay end members was about 1 – 7 wt.% and about 16 – 42 wt.%, respectively. The 
illite-smectite and kaolinite-smectite expandability of 20 – 35% and less than 10%, respectively, 
was estimated from XRD patterns of ethylene-glycolated samples. Mössbauer spectra taken at 
room temperature showed that Fe is bound in chlorite and siderite. CEC values were between 
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13.5 – 30.7 meq/100g. The finer fractions had higher CEC values, likely due to higher mixed-
layered clay mineral content.  
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Six serpentine mines are found in South Korea. Serpentine have been mainly used for a fusing 
agent and fertilizer. All the serpentine mines are known to be formed by hydrothermal alteration 
of ultramafic rocks. However, the detail study of Bibong serpentine mine in Chungyang area, 
Chungcheongnam-do has rarely been conducted. In present study, we investigate occurrence, 
mineral composition and formational mechanism of serpentinite in the mine. Bibong mine 
formed in the ultramafic rock intruding the Precambrian metasedimentary rocks and is operating 
as open pits. The mineral and chemical compositions were analyzed by XRD, SEM/SDS, 
EPMA, XRF and polarized microscope. XRD analysis indicates that pyroxene, amphibole 
(hornblende, tremolite), magnetite, chlorite, phlogopite, talc are occurred in serpentinite as 
accessory minerals. Dense black ores mainly consist of serpentine, whereas greenish rocks and 
white veins include abundant accessory minerals. Mafic dikes, faults, joins, and slicken sides are 
well developed in serpentinite. XRD and SEM analyses indicate that antigorite is a dominant 
serpentine mineral and small amounts of lizardite and chrysotile are also occurred. Fibrous 
chrysotiles are generally occurs as veins. Olivines are rarely observed in serpentinite of this 
mine. This fact indicates that the parent ultramafic rock is almost completely serpentinized. The 
occurrence of tremolite and chlorite occurred in veins or partly altered portion of serpentinite 
suggest that these minerals were formed after serpentinization. 
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MECHANISMS of BRIGHTNESS ENHANCEMENT of KAOLINS by 
MICROBIOLOGICAL TREATMENT WITH SHEWANELLA PUTREFACIENS 
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The largest use of high-grade kaolin is in production of paper (Harvey and Lagaly, 2006) with 
rigid specifications regarding brightness. Natural kaolins often contain coloring impurities, 
which are mainly iron phases that reduce brightness and, thus, economic value. Currently 
available physical and chemical processes for kaolin beneficiation like magnetic separation and 
chemical leaching are considered energy- and cost-intensive, not sufficiently flexible, and 
pollutive (Mandal and Banerjee, 2004).  
 
Therefore, metal-reducing microorganisms like Shewanella putrefaciens, which was found to 
reduce both Fe3+ in oxides as well as in silicates (Kostka et al., 1999), are investigated to be used 
for refinement of kaolins. 
Aim of the present study was to elucidate mechanisms of brightness enhancement in kaolins by 
microbiological treatment with Shewanella putrefaciens in dependence of available multiple Fe 
sources. 
 
Three kaolin samples from Hirschau-Schnaittenbach (Bavaria, Germany) were subjected to 
removal of coarse particles and magnetic separation. Each two of the resulting samples varied 
either in brightness or Fe content (Table 1). 

Table 1: Parameters of the selected paper kaolins. 

Sample LA540 B4915 B4914 
Color cream white cream white light cream white 
Average aggregate 
size [µm] <25 µm <25 µm <25 µm 

Brightness R457 [%] 68.2 67.9 76.5 
Fe2O3 [%] 1.46 0.95 0.78 

 
The microbiological refinement of the samples was carried out using a cultured bacterial strain of 
Shewanella putrefaciens (UFZ; B622/T). The microorganism was cultivated in a growing 
medium under aerobic conditions prior to harvesting and then was used in the leaching 
experiments. In order to enhance the bioreduction potential of the reducing medium (Bonneville 
et al. 2006), the electron-shuttling compound AQDS (anthraquinone-2,6-disulfonate) was added 
as suggested by Royer et al. (2002). Samples for brightness characterization, grain-size 
separation, and mineralogical investigations by X-ray diffraction analysis (XRD), X-ray 
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fluorescence analysis (XRF), Mössbauer spectroscopy and supplemental methods were taken 
after seven days.  
 
The main phase content of all kaolins consisted of kaolinite, illite, K-rich feldspars, and quartz 
together with very low amounts of rutil/anatas and crandallite. Different types and amounts of I-
S mixed layer minerals were recognized from evaluation of one-dimensional XRD pattern 
fitting. The content of iron oxides was too low to be detected by XRD, whereas Mössbauer 
spectroscopy indicated small amounts of goethite besides Fe-bearing layer silicates. Most 
probably, the silicate bound Fe3+ is incorporated either in the structure of illite or in those of I-S 
mixed layer minerals. Results from Mössbauer spectroscopy further indicated that Fe3+ in oxides 
as well as in layer silicates was reduced but enhancement of brightness was a function of the 
location of Fe depletion. Brightness increased mainly by the reduction of oxide-bound Fe3+ and 
was less affected by the reduction of silicate-bound Fe3+ in 2:1 layer minerals. In addition, the 
iron depletion ratio Ψ revealed that the initial ratio of silicate-bound to oxide-bound Fe3+ 
determines the preferred electron acceptor for Shewanella putrefaciens. Thus, the total iron 
content determined as Fe2O3 by chemical analysis not represents an indicator for the success of 
brightness enhancement by microbiological treatment even for samples originated from the same 
quarry. 
 
Bonneville, S., et al. (2006) Reduction of Fe(III) colloids by Shewanella putrefaciens: A kinetic 
model. Geochimica et Cosmochimica Acta, 70, 5842-5854. 
Harvey, C. C. and Lagaly, G. (2006) Clays in industry: Conventional applications. In: Bergaya, 
F., Theng, B. K. G., and Lagaly, G. (Eds.), Handbook of Clay Science. Elsevier, Oxford 
Amsterdam, pp. 501-540. 
Kostka, J. E., et al. (1999) The impact of structural Fe(III) reduction by bacteria on the surface 
chemistry of smectite clay minerals. Geochimica et Cosmochimica, 63, 3705-3713. 
Mandal, S. K. and Banerjee, P. C. (2004) Iron leaching from China clay with oxalic acid: effect 
of different physico-chemical parameters. International Journal of Mineral Processing, 74, 263-
270. 
Royer, R. A., et al. (2002) Enhancement of biological reduction of hematite by electron shuttling 
and Fe(II) complexation. Environmental Science & Technology, 36, 1939-1946. 
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RIETVELD STUDY OF JIANSHUIITE FROM OCEAN MANGANESE CONCRETIONS 
 
Jeffrey E. Post1 and Ellen Thomas2 
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Powder X-ray diffraction and scanning electron microscopy examinations of manganese oxide 
concretions/nodules (~0.1 - 1.0 mm diameter) from ODP Site 1262 on Walvis Ridge in the 
Southern Atlantic Ocean revealed that they consist primarily of the layer Mn oxide phase 
Jianshuiite.  The nodules studied here are from an interval that represents the Paleocene/Eocene 
thermal maximum and carbonate dissolution.  Similar nodules were also enriched at different 
stratigraphic levels that showed carbonate dissolution.   Jianshuiite [(Mg,Mn,Ca)Mn4+

3O7·3H2O] 
was originally described by Yan et al. (1992) as a Mg-rich analogue of chalcophanite 
(ZnMn4+

3O7·3H2O).  Potter and Rossman (1979) had previously reported a Mg-rich 
chalcophanite from concretions in late Paleocene siltstones from Baja California, Mexico.  The 
Walvis Ridge nodules, most of which are hollow, from the middle of the carbonate dissolution 
interval consist almost entirely of euhedral plate-like jianshuiite crystals that are 2-4 um in 
diameter and ~0.1-0.5 um thick.  In some nodules, backscattered electron images and energy 
dispersive X-ray analyses revealed stacks of interleaved Al-rich and Al-poor jianshuiite crystals. 
In other nodules, analyses indicated that the crystals contained predominantly Mg (with trace K 
and Al) in addition to Mn and O, making them near “end-member” jianshuiite.  The 
chalcophanite structure is constructed of sheets of Mn4+ -O octahedra alternating with layers of 
Zn (or Mg) and water molecules; one out of every seven sites in the Mn-O sheet is vacant.  
Rietveld refinements in space group R-3 confirmed the isostructural relationship between 
jianshuiite and chacophanite, with Mg occupying the interlayer position above and below the 
vacant sites in the Mn/O octahedral sheet, and coordinated to 3 octahedral layer O atoms (2.00 
Ǻ) and 3 interlayer water O atoms (2.04 Ǻ).  Final refined occupancy factors suggest that Al 
substitutes for some of the Mn in the octahedral sheets, and small quantities of K and possibly 
Mn2+ are on the Mg site.   
 
Potter, R.M. and Rossman, G.R. (1979) American Mineralogist, 64, 1227-1229. 
Yan, G., Zhang, S., Zhao, M., Ding, J. and Li, D. (1992) Acta Mineral. Sinica, l2, 69-77.   
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A NEW SEPIOLITE DEPOSIT AND THE USE OF NIR SPECTRA FOR ITS 
COMPARISON TO THE OTHER FIBROUS CLAYS 
 
J.L. Post1 and S.M. Crawford2 
 
1Professor Emeritus, Civil Eng. Dept., Sacramento State University, CA, 95819 
2Professor, Chemistry Dept., Sacramento State University, CA, 95819 
 

Sepiolite occurs at the Frisco mine chlorite deposit.  It resembles pieces of rope, to 1 cm in 
diameter, formed on dolomite in open dissolution seams.  The (110) XRD peak is at 11.88 Å, 
and a strong first overtone Mg-OH band at 7206 cm-1, in comparison to the Ponoma palygorskite 
with strong first overtone Al-OH band at 7058 cm-1 and (110) XRD peak at 10.30 Å.  The Frisco 
Mine sepiolite contains 0.54% Al2O3, 0.53% Fe2O3 and 25.86% MgO, in comparison to the 
Panoma palygorskite with 16.25% Al2O3, 0.21% Fe2O3 and 11.17% MgO. 
 
Sepiolie-palygorskite clays are a discontinuous series of minerals. As the Al2O3 content 
increases, at about 3% to 4%, palygorskite begins to form.  The combination band spectra for 
sepiolite and palygorskite are separate and distinct and the combination band positions do not 
vary as the composition changes.  Even large amounts of Fe2O3 do not alter the sepiolite band 
spectrum, but generate a new band at about 4306 cm-1 frequency.  The Silver Bell mine fibrous 
clay contains 4.83% Al2O3, 0.69% Fe2O3, and 20.40% MgO and is a mixture of palygorskite and 
sepiolite, with the first overtone bands at 7062 cm-1 and 7208 cm-1, and two sets of combination 
bands. The first overtone band positions may be calculated by multiplying the fundamental OH 
stretching band frequencies by 1.995. 
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SECRETS TO WINNING THE 5TH REYNOLDS CUP COMPETITION 
 
Mark D Raven and Peter G Self 
 
CSIRO Land and Water, Waite Road, Urrbrae, South Australia; Mark.Raven@csiro.au 
 
Substantial advances in instrumentation, computing power and software in recent years have 
enabled an increasing number of laboratories to use XRD and ancillary techniques for 
quantitative mineralogical analysis. However, these techniques are often treated as “black-boxes” 
and in the hands of inexperienced users can lead to gross inaccuracies. Unfortunately, very few 
opportunities are available for analysts to test their proficiency and this is compounded by a lack 
of reference materials of known composition. The biennial Reynolds Cup competition, which is 
now in its 5th edition, has therefore rapidly become the premier round-robin event in the world of 
quantitative mineralogy. Since commencing in 2002 with 15 brave souls returning results from 
40 participants to 63 returns from 76 participants in 2010, the competition has established itself 
as an invaluable means of assessing laboratory proficiency and teaching aid.  
 
Our laboratory has placed in the top 10 in 4 out of the 5 competitions, culminating with equal 
third place in 2008 and first place in 2010. SIROQUANT© from Sietronics Pty Ltd (Taylor, 
1991) was used in all 5 contests, initially straight out of the box, then subsequently with 
significant improvements made by preparing in-house modified “calibration” files against pure 
reference materials. Extensive use was made of grain separation techniques, calcium saturation, 
orientated magnesium and glycerolated clay mounts and calculated interstratified patterns using 
NEWMOD©. 
 
This talk will detail the methods and techniques used to improve accuracy in the analysis of 
complex mineral mixtures such as those found in the Reynolds Cup competition.  
 
Taylor, J.C. (1991). Computer programs for standardless quantitative analysis of minerals using 
the full powder diffraction profile. Powder Diffraction, 6, 2-9. 
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CLAY MINERALOGY OF AGGREGATES USED IN TEXAS CONCRETE, 
BITUMINOUS MIXES, AND CHIP SEALS 
 
Andrew Russell1, Youjun Deng1, Pat Harris2, Anol Mukhopadhyay2 
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Clay contamination as dust coating or inclusions in aggregates used for road construction in 
Texas and many other states is an increasingly acute problem as high-quality aggregate sources 
in the state are depleted.  Concentrations of clay minerals such as smectites in concrete, 
bituminous materials, and chip seals increases shrink-swell potentials of those materials and may 
ultimately cause the failure of roads and structures incorporating them. To expand the 
construction aggregate supplies and to determine the tolerable contents of clays in the 
aggregates, the Texas Department of Transportation (TxDOT) is seeking to determine the type 
and quantities of clay minerals present in problem causing aggregate sources from Texas and 
neighboring states.  Mineralogy and engineering test data for each aggregate have been 
correlated in this project to establish more reliable field tests for aggregates containing layer 
silicates.  In this study, 11 aggregates from Texas and Arkansas were separated into sand, silt, 
coarse clay, and fine clay fractions after removing the carbonate minerals. Minerals in each 
fraction were characterized with X-ray diffraction (XRD), electron microscope, infrared 
spectroscopy, or a combination of these methods.  X-Ray Diffraction patterns of clay fractions 
were first collected on oriented slides after Mg- and K-saturation and glycerol solvation.  FTIR-
ATR studies of coarse and fine clays and CEC tests of bulk clay fractions were conducted as 
well.  For mineral quantification, Rietveld full pattern fitting of randomly oriented bulk 
aggregates and Newmod analysis of fine and coarse clay fractions were undertaken.  Results 
indicate that total volume of clay-sized particles is not a viable predictor of engineering test 
results.  Rather, concentration of expandable layer silicates such as smectites is expected to be a 
better predictor of engineering test failure. Additionally, engineering properties of the aggregates 
are expected to improve with the presence of calcite in carbonate-rich aggregates. Quantification 
data will be used by TxDOT to better predict problem aggregates and mitigate the effects of 
expandable layer silicates.  
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ADSOPTION OF TWO VACCINE-RELATED PROTEINS TO AN HYBRID ORGANO-
MONTMORILLONITE 

 
Giora Rytwo1,2, Asaf Mendelovits1,3, Dalia Eliyahu2, Jacob Pitcovski1,2, Elina Aizenshtein2 

 
1Tel Hai College, Upper Galilee, Israel, rytwo@telhai.ac.il  
2 MIGAL- Galilee Technology Center 
3HUJI- Soil and Water Department 
 
Poultry industry experiences increasing need for new generations of effective vaccines, requiring 
minimal handling of bird during administration (Tripathy, 2004). Among the problems of 
vaccination with genetically engineered vaccines is low immunogenicity. Therefore, the 
development of effective adjuvants for vaccination is a central task. In addition to that, oral 
administration of vaccines is more convenient and economic for the poultry industry. The 
modified heat–labile eteroxin (LT) protein was found to be a safe and immunogenic adjuvant, 
and showed the ability to enhance immune responses against an antigen co-administered with it, 
for example- viral protein 2 -VP2 (Vasserman and Pitcovski, 2006). As a model of a possible 
combination for an oral administrated vaccine, adsorption of VP2 and LT to SWy-2 
montmorillonite and an hybrid organoclay based on berberine adsorbed to SWy-2 were tested 
(Rytwo et al., 2010).  
 
The amount of berberine modifying the clay surface is crucial to obtain efficient co-adsorption of 
both LT and VP2. Furthermore, FTIR measurements indicate that secondary structure of VP2 
adsorbed on crude clay is changed, whereas the same protein on hybrid organoclay keeps its 
configuration.  
 
ELISA assay demonstrates that the combination of LT and VP2 proteins on the hybrid 
organoclay yields LT binding to its receptor, indicating biological activity of the overall 
complex.  
 
In this multidisciplinary study, which combines methods usually used in clay studies with 
biological techniques and assays, LT and VP2 were used as model proteins. The results prove the 
feasibility to attach vaccine proteins, separately or co-adsorbed on an organoclay particle (Rytwo 
et al., 2010). Such loaded particles may be used as a vaccine carrier, to stimulate desired immune 
responses for animal as well as human. Additional experiments focusing on bioassays of the 
complex prepared are in progress. 
   
Rytwo, G.; Mendelovits, A.; Elihau, D.; Pitcovski J. and Aizenshtein, E. (2010) Adsoption of 

two vaccine-related proteins to montmorillonite and organo-montmorillonite. Applied Clay 
Sciences, 50: 569-575 http://dx.doi.org/10.1016/j.clay.2010.10.015  

Tripathy, D.N., 2004. The impact of vaccines and the future of genetically modified poxvirus 
vaccines for poultry. Animal Health Res. Reviews. 5, 263-266. 

Vasserman, Y., Pitcovski, J., 2006. Genetic detoxification and adjuvant-activity  retention of 
Escherichia coli enterotoxin LT. Avian Pathol.  35, 134-140. 
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URANYL ADSORPTION AND SPECIATION AT THE MINERAL/WATER 
INTERFACE STUDIED BY RESONANTLY ENHANCED SECOND HARMONIC 
GENERATION AND THE CHI(3) TECHNIQUE 

Sarah A. Saslow, Jessica N. Malin, Franz M. Geiger (PI) 
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One of the major anthropogenic sources for uranium pollution in groundwater systems is 
attributable to mining activities that use sulfuric acid to dissolve minerals. Run-off from these 
sites is subjected to oxidation-reduction reactions that, when combined with dissolution-solution 
reactions, are able to transfer uranium to drinking water sources. Under aerobic conditions, 
uranium is transported as hydroxide and carbonate complexes of the uranyl ion (UO2). 
Speciation in the bulk aqueous phase is well studied and is therefore commonly used to model 
contaminant transport through groundwater. This information is quantitative when comparing 
bulk properties, however, probing the interactions of contaminants at the solid/water interface 
will provide a refined and more accurate model of contaminant speciation and transport. For 
instance, given the exponential dependence of the Poisson-Boltzmann equation on charge state 
of the adsorbing ion, using the wrong charge state can misestimate the number of ions adsorbed 
to a mineral, and the corresponding transport rate, by orders of magnitude. This work focuses on 
uranyl adsorption properties to common clay minerals, specifically muscovite (mica). 
 
Here, we use resonantly enhanced second harmonic generation (SHG) and the Chi(3) technique to 
produce surface-specific results, with molecular-level sensitivity, that are obtained in situ, in real 
time, and under relevant aqueous conditions directly at the mineral/water interface. Using these 
techniques, we have determined the binding constants, adsorption free energies, charge states 
and speciation, interfacial potentials, and molecular insights into the mechanics of binding for 
uranium adsorption at the fused silica/water interface. For instance, resonantly enhanced SHG 
was used to measure an in situ electronic spectrum of adsorbed uranyl species at both pH 7 and 
pH 4 in the presence of aqueous carbonate. By monitoring the SHG response, adsorption 
isotherms revealed that the magnitude of the adsorption free energy for U(VI) at the silica/water 
interface decreased from –42.7(3) kJ·mol-1 at pH 7 to –32.5(3) kJ·mol-1 at pH 4. Using the non-
resonant Chi(3) technique, surface charge densities of adsorbed uranyl species were determined to 
be 0.0069(7) C·m-2 at pH 7 and 0.0031(5) C·m-2 at pH 4. When these values are referenced to the 
initial charge density of the interface, results suggest a bidentate mode of binding at pH 7 and a 
monodentate mode of binding at pH 4. Free energy vs. interfacial potential analysis revealed that 
neutral and monovalent cationic uranyl species are surface active at both aqueous pH values. 
Using these same methodologies, this work is now applied to the muscovite (mica) mineral/water 
interface, which is discussed.   
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The main source rock for oil and gas in the Vienna Basin (Austria) are autochthonous Malmian 
marls of the Mikulov Formation. Over the past decades, unconventional gas reservoirs have 
become increasingly important for the oil industry. A shale gas feasibility study on the Mikulov 
Formation was recently performed by OMV. 
 
Shale gas production usually is enabled by pumping fluids (mainly water) into a gas-mature 
source rock in order to generate fracture permeability. Expandable clays within the source rock 
can dramatically reduce stimulation effectiveness and gas production.  
 
The clay mineralogy of 46 core samples from nine different wells was analyzed with X-ray 
diffraction and quantified. The wells penetrate the Mikulov Formation over a depth range of 
1400 m to 8550 m and this gives a unique opportunity to study the diagenetic changes within one 
formation from shallow to deep burial. Also, by looking at changes within one formation with 
depth, it is possible to minimize variations which might result from differences in provenance 
and depositional environment. 
 
The clay mineralogy was quantified applying the mineral intensity factor (MIF)-method of 
Moore and Reynolds (1997). The clay fraction contains a prominent illite/smectite (I/S) mixed-
layer mineral (20 to 70 wt%), illite (20 to 70 wt%), chlorite (0.5 to 12 wt%) and kaolinite (2 to 
17 wt%). The amounts of I/S and kaolinite decrease with depth, illite and chlorite increase with 
depth. A diagenetic overprint can be demonstrated and involves a gradual transformation of 
smectite to illite through mixed-layer I/S intermediates. The illite content in I/S ranges from 25% 
for the shallowest sample to 90% for the deepest sample. The ordering of the mixed layer I/S 
changes with increasing depth from R0 (25% illite in I/S) to R1 (60-80% illite) and R3 (90% 
illite in I/S).  
 
Within the depth range considered for shale gas exploration the mixed-layer I/S shows R3 
ordering, which implies that the effect of the expandable mineral smectite is negligible. 
 
Moore, D. M., Reynolds, R. C. jr. (1997) X-ray diffraction and the identification and  
analysis of clay minerals. Oxford University Press, New York, 378 p. 
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CLUSTER ANALYSIS OF X-RAY DIFFRACTION, SHORT-WAVE INFRARED, 
COLOR, AND FOUR-BAND QUICKBIRD SATELLITE DATA FOR THE PURPOSE 
OF MAPPING MINERAL ASSEMBLAGES IN THE UZON CALDERA, KAMCHATKA, 
RUSSIA 
 
Paul A. Schroeder1, Douglas E. Crowe1, Thomas R. Jordan2, Juergen Weigel3, and Gennadii 
Karpov4 
 
1Department of Geology, University of Georgia, Athens, GA 30602-2501 USA; schroe@uga.edu 
2Department of Geography, University of Georgia Athens, GA 30602-2502 USA 
3Department of Microbiology, University of Georgia Athens, GA 30602-2506 USA 
4Institute of Volcanology and Seismology FEB-RAS, 9 Piip Boulevard, Petropavlovsk-
Kamchatsky, 683006, RUSSIA 
 
Recent advances in satellite remote sensing makes image acquisition cost effective and provides 
high spatial resolution color and near infrared (NIR) information. This ability to rapidly capture 
data enables mapping and temporal monitoring of clay mineralogical changes in wilderness areas 
of the world that are often difficult to access, are sensitive to disruption by sampling, and are 
habitats for biological forms living in thermophilic environments. One such area of the world is 
the Uzon Caldera, located in Kamchatka, far-eastern Russia. In this study, we examined satellite 
Quickbird® four-band spectral reflectance responses and compared them to ground truth data in 
which the samples were assessed using X-ray powder diffraction (XRD), short wave infrared 
reflectance (SWIR) spectroscopy, and color as collected by digital camera. Upon comparisons 
amongst the various datasets, using standard statistical similarity procedures, the satellite data set 
for each thermal field can be categorized by mineral facies characteristics. Contrasting satellite 
images acquired two years apart also allows for the assessment of the potential to see temporal 
facies changes in terrestrial hot spring systems. 
 
Results show that with proper ground truth constraint, mineral facies surrounding Uzon hot 
springs are grouped as 1) Goethite/Hematite, 2) Alunite/Sulfate, 3) Cristobalite/ Tridymite, 4) 
Andesine/Glass, 5) Sulfur, 6) Opal-A, 7) Pyrite, and 8) Halite. It is important to note that any of 
these minerals (and others) may be found within a facies and that high spatial resolution satellite 
color and NIR values are a response to a complex mixture of mineral and biological components. 
The mineral facies concept is useful in conveying the dominance of particular phases and 
environmental factors that they imply. This includes factors important to the understanding of 
thermophilic microorganisms and the redox, temperature, and hydrologic conditions in which 
they thrive. Biogeographic mapping of such assemblages can benefit from additional 
mineralogical and remote sensing efforts. 
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EROSION OF BENTONITE – A PROBLEM FOR NUCLEAR WASTE DISPOSAL? 
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Bentonite is considered as a buffer material in many concepts for the final disposal of nuclear 
waste. One critical concern is the long term integrity of the buffer. Recent safety assessments for 
nuclear waste repositories have shown that the formation and stability of colloids may have a 
direct impact on the overall performance of the repository.  
Non-saline waters may solubilise the smectite particles in the bentonite and carry them away as 
colloidal particles. This is known to happen if the concentration of ions is below the critical 
coagulation concentration CCC. Above the CCC the smectite forms a coherent gel, which does 
not release particles. 
 
If the chemical conditions ensure colloidal stability, the gel can be transformed into a sol. Hence, 
erosion processes of different origin may occur at the surface of the gel front and colloidal 
particles can be released, which in turn leads to a loss of the bentonite buffer. 

 
The critical questions are: 
1. Under what conditions are bentonite colloids stable? 
2. Can such conditions occur in a repository? 
3. If that is the case, how much bentonite is lost? 

 
A CCC may be determined for monovalent systems, and used as a pessimistic concentration 
limit for spontaneous colloid sol formation. For a pure calcium bentonite in a calcium solution, 
the CCC concept is not strictly valid. For a system with mixture of monovalent and divalent ions, 
such as most groundwaters, the picture gets more complicated, since ion-exchange and solid to 
liquid ratio need to be considered. Thus, a strict CCC for a mixed system cannot be defined. 
However, based on the experimental observations water with cation content higher than 2–4 mM 
charge equivalents can be considered to be able to prevent colloidal sol formation provided that 
the calcium content in the montmorillonite exchanger is above 20%.      
 
For the site selected for a nuclear waste repository in Sweden, Forsmark, for the glacial period, 
slightly less than 2 percent of deposition hole locations could experience dilute conditions during 
an advancing ice front whereas only slightly more than one percent of the deposition holes could 
experience dilute conditions during an assumed period of 100,000 years corresponding to glacial 
maximum conditions. 
 
A DLVO based force-balance model for spherical colloids has been adapted to parallel clay 
layers and used to calculate the swelling of Na-montmorillonite into fractures filled with water of 
low ionic strength. The force-balance model uses DLVO to describe swelling pressure and a 
Kozeny-Karman-like expression fitted to experimental results to describe hydraulic conductivity. 
The montmorillonite release rate, RErosion, is found to be proportional to the water velocity, v, to 
the power 0.41 and directly proportional to the fracture aperture, δ, according to: 
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𝑅𝐸𝑟𝑜𝑠𝑖𝑜𝑛=𝐴·𝛿·𝑣0.41 
 
where A = 27.2 is a constant yielding the loss rate in kg/yr when the water velocity is given in 
m/yr and the aperture in m. 
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Formation of ~10 Å phase ("illite") in soil environment has been reported from different 
localities by several authors. In general wetting and drying leading to fixation of potassium 
within interlayer space of smectite is believed to be responsible for the formation of the ~10 Å 
phase at surface conditions. Surprisingly NH4+ fixation by dioctahedral vermiculite has not been 
taken into consideration in the previous studies despite the fact that dioctahedral vermicullite 
having higher potential for the fixation of cathions with low hydration energy is a common soil 
mineral and NH4+ comonly occurs in soil environment. The aim of the present study was to find 
out if NH4 fixation by dioctahedral vermicullite causing formation of 10A is likely to occur in 
soil environment. Because of the fact that no dioctahedral vermiculite standard reference 
material was available, two natural soil clays containing dioctahedral vermiculite were taken and 
subjected to the treatments listed in table 1. The starting clays and the solid products of the 
treatments used were analysed using XRD and FTIRS. In general all the treatments involving 
potassium saturation caused NH4 - fixation and irreversible collapse (i.e. contraction to ~10 Å) of 
at least a portion of the vermiculitic interlayers. Air-drying of the NH4-saturated samples greatly 
enhanced the degree of the collapse. The results of the experiments conducted indicate that 
dioctahedral vermiculite collapse is likely to occur in soil environment. 
 
Sample  treatment used 
1ENa Na-saturatoin 
1ENH4 NH4-saturation 
NH41ENa NH4-saturation + Na- saturation 
NH41ESr NH4-saturation + Sr- saturation 
NH4 1EADNa NH4-saturation + air-drying + Na-saturation 
6ENa Na-saturatoin 
6ENH4 NH4-saturation 
NH46ENa NH4-saturation + Na- saturation 
NH46ESr NH4-saturation + Sr- saturation 
NH46EADNa NH4-saturation + air-drying + Na-saturation 
6ESr Sr-saturation 
Table 1. Sample symbols and treatments used in the experiments conducted. 
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ÄSPÖ HARD ROCK LABORATORY, SWEDEN 
 
Daniel Svensson1, Lars-Erik Johannesson2, Staffan Hansen3 Patrik Sellin1 
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Sweden 
2Clay Technology AB, IDEON Research Center, SE-22370 Lund, Sweden 
3 Centre for Analysis and Synthesis, Chemical centre, Lund University, P.O. Box 124, SE-22100, 
Lund, Sweden. 
 
Bentonite clay is part of the Swedish KBS-3 design for final repositories of high level 
radioactive waste. In the KBS-3 design copper canisters will work as corrosion resistant 
containers of the waste when placed at approximately 500 m depth in crystalline rock. Between 
the canister and the rock, compacted bentonite blocks are emplaced as buffer material in order to 
minimize water flow and transport between the rock and the canister. The swelling pressure of 
the clay will keep the canister in place and the microbiological activity low, while the plasticity 
of the clay should be high enough not to transfer any force from the rock in case of rock 
displacements. The Prototype experiment is a full scale experiment consisting of six copper 
canisters divided into two sections by a concrete plug. The tunnels above the deposition holes 
were backfilled with a mixture of bentonite and crushed rock. The outer two canisters in the 
experiment are currently being excavated after approximately 8 years from installation. Total 
time for excavation is estimated to approximately 1 year. The experiment was naturally water 
saturated and highly instrumented. The synchrotron XRD and XANES measurements were done 
on the uppermost block. All samples were directly vaccuum sealed in aluminum-laminate bags. 
The redox measurement with XANES were performed only 4 days after the underground 
sampling was done, making it optimal for preserving potentially oxygen sensitive phases. 
Visually it was observed that the clay innermost to the copper canister was discoloured and had a 
darker colour compared to the rest of the clay. Fine sampling was done in argon atmosphere 
working in glovebox approximately 15 minutes prior to measurement. The Fe K XANES 
measurements indicated elevated levels of Fe(II)/Fe-total in the innermost part closest to the 
canister (approximately 50% Fe(II)/Fe-total, which can be compared to approximately 20% 
Fe(II) in the reference clay. Montmorillonite contains structural Fe(III) and it is well known that 
this trivalent iron may be reduced to divalent. This is of great importance as it may impact the 
layer charge and several properties of the montmorillonite. The semiquantitative determinations 
were done by linear combination of Fe2O3 and FeCO3 absorption data. In the innermost 0-2 mm 
sample absorption data could be captured also for the Cu K-edge. The position of the Cu-K edge 
was lower in energy than our Cu(II) reference compounds, indicating a lower oxidation number, 
however the signal to noise ratio was very low (due to the extremely low Cu-content), possibly 
affecting the normalisation of the Cu-K absorption curve.  The surface of some of the inner 
buffer rings were somewhat crackelated and white precipitates had formed. These were 
identified with XRD to be gypsum, a water soluble mineral present in the original clay. The 
montmorillonite basal reflection was shifted towards lower angles, indicating higher basal 
spacing caused by ion exchange in the Wyoming Na-montmorillonite due to the high Ca-content 
in the Äspö ground water. Gaussian profiles were fitted to the 060 reflection with no significant 
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change, indicating no change in the dioctahedral characteristics of the smectite. No other crystal 
chemical changes could be identified. A much more comprehensive research program is planned, 
inluding hydromechanical testing, chemical-, mineralogical- and microbiological analysis to 
further characterise the clay and its components. Several international groups will participate in 
this work during the following years. 
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MECHANICAL PROPERTIES OF MUSCOVITE THROUGH MOLECULAR 
SIMULATIONS 
 
Stephanie L. Teich-McGoldrick, Jeffery A. Greathouse, and Randall T. Cygan 
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Muscovite is a common phyllosilicate mineral that occurs in crustal and sedimentary 
environments, and is used commercially in polymer-clay nanocomposites to increase material 
strength and reduce weight. An understanding of the elastic properties of muscovite is required 
in the geophysical analysis of the earth’s crust, and for material property prediction of composite 
materials. However, it is difficult to obtain accurate experimental geomechanical data over a 
range of applicable temperatures and pressures. Molecular simulation provides a method to 
determine the dependence of mechanical properties on both pressure and temperature. With this 
information a more accurate interpretation of experimental data can be formed without the need 
to extrapolate from data at ambient conditions. 
 
We use molecular dynamics simulation and the Clayff force field, a flexible force field capable 
of modeling both clays and hydroxides, to determine the mechanical properties of muscovite 
including the bulk modulus, Young’s moduli, shear moduli, and compressibility and thermal 
expansion. We conduct simulations in the NPT ensemble at three different temperatures (T=298 
K, T=500 K, T=800 K) and multiple pressures between 0.0001 GPa and 15 GPa. The effect of 
temperature on the mechanical properties of muscovite is investigated. For example, the d-
spacing changes by 7% as the pressure is increased from 0.0001 GPa to 15 GPa at T = 298 K. 
 
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. 
Department of Energy's National Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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The characteristics of Fe minerals in soils exposed to frequent redox shifts are governed strongly 
by kinetic transformation rates. We used variable temperature 57Fe Mössbauer (MB) 
spectroscopy (ranging from 4.2 K to 295K), X-ray diffraction and selective chemical extractions 
to characterize the nano-crystalline Fe components of redox-dynamic soils from Puetro Rico and 
the Hawaiian islands. The Mössbauer quadrapole splitting (QSDs) and hyperfine field (HFDs) 
distributions were compared with those of nano and microcrystalline hematite, goethite, 
ferrihydrite and lepidocrocite standards. For the Hawaiian soils, bulk high-crystallinity goethite 
and hematite can be clearly identified from their XRD patterns and are also observed in the MB 
spectra. We focus instead on nano-crystalline phases that are difficult to discern in the X-ray 
difractograms. These phases are readily resolved in the 4.2K Mössbauer spectra when they 
magnetically order and exhibit hyperfine field parameters consistent with microcrystalline 
hematite, and admixtures of nano-goethite, lepidocrocite and ferrihydrite in varying proportions 
across the age and climate gradients. The floodplain soils from Puerto Rico contained ca. 80% of 
their Fe in nanocrystalline forms (best approximated by nano-goethite) with MB quadrapole 
splitting values of ca. -0.14 mm s-1 at 13 K. The balance of the FeIII resides in silicate phases 
(~14%), with solid phase FeII split evenly between silicates (~3%) and an Fe-rich mineral best 
approximated by illmenite (~3%). . In general, the nano-crystalline soil Fe phases from Hawaii 
exhibit lower hyperfine fields (Bhf) and greater line-broadening (reported as the standard 
deviation of the hyperfine field, σHFD) than those from Puerto Rico or our synthetic standards. 
This suggests very low-crystallinity that likely arises from a combination of substitutional or 
other crystal defects and from nanometric particle or coherent-region sizes.  
 
In addition, we measured the rate of Fe-atom exchange in the Puetro Rico soils by reacting them 
with isotopically labeled Fe2+

(aq) (57Fe enriched) in sterile slurries. After 30-days of reaction 
under sterile conditions, ~15% of the solid-phase Fe atoms were exchanged with aqueous Fe 
atoms. Following four months of reaction the fine particle fraction of the soil developed a 
greenish hue—suggesting electron-transfer had occurred with FeIII in silicate clays. We are 
currently analyzing these samples to characterize the extent of Fe atom exchange and potential 
mineral transformations. 
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QUANTITATIVE PHASE ANALYSIS OF DISORDERED KAOLINITES WITH THE 
RIETVELD METHOD. 
 
Kristian Ufer1, Reinhard Kleeberg1 and Reiner Dohrmann2 
 
1Institute of Mineralogy, TU Bergakademie Freiberg, 09596 Freiberg, Germany 
2BGR/LBEG, 30655 Hannover, Germany 
 
Corresponding author: kristian.ufer@gmx.de 
 
A lot of clays and clayey materials contain minerals of the kaolin group. The quantitative phase 
analysis of these minerals is a major task for geological investigations or technical applications. 
X-ray powder diffraction in combination with the Rietveld method became one of the most 
frequently used method for the determination of mineral contents. Unfortunately the kaolin 
group minerals often show disorder effects, which hinder the application of the Rietveld method. 
 
The kaolin group contains the minerals kaolinite, dickite, nacrite and halloysite. These polytypes 
have a common structural unit of a 1:1 layer with the composition Al2Si2O5(OH)4. This layer 
occurs with structural modifications according to the position of the vacant octahedral site or 
enantiomorphic layers. One or more of these layer types are stacked in a regular way to form the 
ordered polytypes. These stackings can produce mixed forms with different degrees of 
disordering (Drits & Tchoubar, 1990). Halloysite additionally shows a disordered stacking of 
swelling and non-swelling interlayers containing variable amounts of water. 
 
The diffraction patterns of these disordered stackings show hkl dependant broadening and 
shifting of peaks. It is no longer possible to describe these patterns with the use of a standard unit 
cell in Rietveld refinements. One approach to overcome this problem is the phenomenological 
formulation of hkl dependent broadening and shifting functions (Bergmann & Kleeberg, 1998). 
This approach was successfully tested for the quantification of medium disordered kaolinites. 
Another approach is to use a list of pre-calculated structure factors instead of structural data. This 
method requires highly pure reference materials with different degrees of disordering. 
 
It was shown recently that the Rietveld method can be combined with a recursive approach to 
calculate structure factors (Ufer et al., 2008), similar to that of the software code DIFFaX 
(Treacy et al., 1991). Different structural models containing one or more 1:1 layer types and 
different stacking vectors and stacking probabilities were formulated to test their applicability for 
the Rietveld method. Strong disordered kaolinites can be described with a model containing 
dickitic and kaolinitic stackings and in addition b/3 translations, while medium disordered 
kaolinites can be treated as a 2-phase system of a disordered and an ordered phase. The 
quantification of mixtures of kaolinite with ordered and disordered minerals leads to satisfying 
results. 
 
Bergmann, J. and Kleeberg, R. (1998) Rietveld analysis of disordered layer silicates. Materials 

Science Forum, 278-281(1), 300-305. 
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LONG TERM THERMAL TREATMENT OF BENTONITE – EFFECTS ON 
PHYSICOCHEMICAL PROPERTIES 
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Bentonite, particularly Wyoming bentonite MX-80, is foreseen in current repository designs of 
deep geological nuclear waste disposal as a buffer material in the engineered barrier. The 
canister with the high level nuclear waste will be encapsulated in compacted granular MX-80 
resp. a MX-80/quartz mixture (the near field). In the far-field, the repository is placed in a 
several hundred meters deep clayey sedimentary formation (e.g. Opalinus clay). The heat 
generated by nuclear waste causes temperatures of more than 100 °C for hundreds of years 
(Johnson et al. 2002). This thermal treatment will influence the physicochemical properties of 
the bentonite.  
 
The presented work focusses on the changes of physicochemical properties of MX-80 during 
long-term thermal treatment (several years) under near-field relevant conditions. An influence is 
especially expected on cation exchange capacity (CEC), layer charge density (MLC) and surface 
area of the bentonite as well as on related features like water uptake and swelling behaviour. 
Results of three experimental approaches are summarized here. In the first one the bentonite is 
stored at temperatures between 50 and 200 °C in an open system. The second one represents a 
closed system with various water contents (50 °C/water saturated – 150 °C/dry). The third 
approach is a mock-up in-situ experiment – the ABM-Project (SKB, 2009). Different clays, 
potentially useable as buffer material (e.g. granular pure bentonite MX-‐80 and a 70:30 mixture 
with quartz), were placed as ring blocks around a heater tube in a 3 meter deep borehole in the 
crystalline bedrock. After water saturation they were heated at 150 °C for 1 year. Generally MX-
80 stays mineralogically stable. Very weak changes of properties were detected. A decreasing 
CEC with temperature was measured during a short heating time (3 months). Further heating at 
temperatures below 120 °C leads to an increase of the CEC, reaching even higher values as the 
pristine material. The MLC values slightly decrease with temperature or show a non-uniform 
behaviour. The surface area decreases with temperature. These phenomena are linked with the 
cementation or edge processes and with a cation exchange during the treatment. The sodium 
bentonite was exchanged by Ca2+ from pore water leading to a decrease of water uptake ability. 
 
Johnson, L H., Niemeyer, M., Klubertanz, G., Siegel, P., Gribi, P. 2002. Calculations of the 

temperature evolution of a repository for spent fuel, vitrified high-level waste and 
intermediate level waste in Opalinus clay. Nagra Technical Report NTB 01-04, 80p. 

SKB 2009. Äspö Hard Rock Laboratory. Annual report 2008. Technical report TR-09-10. 
Svensk Kärnbränslehantering AB, 2009, 157p. 
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The upland soils of the Savannah River Site (SRS) in South Carolina are products of thorough 
weathering of coastal plain sediments.  They are well-leached, acidic soils low in the common 
alkali metals.  The K content of these soils is far below the average for rock of Earth’s upper 
continental crust but the Cs content is not (Goto et al. 2008).  Most of the Cs but little of the K in 
the soil is extractable in a short time by hot, strong acid, which indicates that little of the Cs is 
bound in remnants of primary silicate minerals.  Kaolinite and hydroxy-interlayered vermiculite 
(HIV) are the predominant clay species in the soils.  Illite is not detectable by X-ray diffraction, 
but HIV grains from similar soils in Florida contain very small remnants of occluded muscovite 
(Harris et al., 1992).  Interlayer wedge zones in HIV, where vermiculite grades into residual 
muscovite to provide a stereoselective microenvironment for Cs sorption like that of the frayed 
edges of illite, are likely the sites where most of the Cs is held in the SRS soils.  We have 
followed up our original acid-extraction experiments with stepwise extractions at lower 
temperatures, at lower acid concentrations, and for longer times, to learn more about the 
character of the acid extractable Cs, Rb, and K in the soils.  During the second and third of three 
daily steps at room temperature, dilute HNO3 (0.55 mol L-1) extracted Cs, Rb, and K from two 
SRS soil samples at rates, relative to the amount of each element originally present, of about 
2.5%, 1% and 0.5% per day, respectively.  (Rates during the first day were a little larger as ions 
were removed from ordinary cation exchange sites.)  The rate of extraction of each element 
increased approximately five-fold in subsequent steps at 50°C.  On the hypothesis that hydrated 
Mg2+ ions would prevent interlayer collapse as the acid removes hydroxy-Al from HIV 
interlayers, we did a later experiment with MgCl2 (0.1 mol L-1) in the extractant solution.  In the 
presence of the MgCl2, rates of extraction of Cs at room temperature were about 5 times greater 
than they had been in its absence.  After 2.5 days, nearly 40% of the Cs had been extracted, and 
in a fourth step at 45°C another 25% of the Cs was extracted.  In strong contrast, the rates of 
extraction of Rb did not change appreciably in the presence of MgCl2.  These observations are 
consistent with a mechanistic model for “fixation” of Cs and Rb in which Rb ions, owing to their 
smaller size, become more deeply and more firmly entrenched in interlayer wedges of HIV than 
do Cs ions.   
Goto, M., et al. (2008) A quantitative model for binding Cs-137 on SRS soil. WSRC-STI-2008-
00114, Westinghouse Savannah River Company, Aiken, SC. 
Harris, W.G., et al. (1992) Occluded mica in hydroxy-interlayered vermiculite grains from a 
highly-weathered soil. Clays and Clay Minerals, 40, 32-39. 
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Lincomycin is one of the most frequently detected antibiotics in soil and water environment. A 
better understanding of lincomycin sorption by soil helps assess its environmental fate, transport 
and potential impacts to ecosystem quality. Systematic batch studies were conducted to 
characterize sorption of lincomycin by soils with aqueous concentrations at mg L-1 levels and 
varying solution pH, background salt type and concentrations. The results revealed that cation 
exchange process is the primary driving force for lincomycin sorption by soils. It is noted that 
sorption increased with soil solution increased from 5.8 to 7.8, and then dropped significantly at 
pH 8.9. The maximum sorption occurred at pH between 7.3 and 7.8, near the pKa of lincomycin 
(7.6). The presence of K+ and Ca2+ in aqueous solution significantly suppressed lincomycin 
sorption even to minimum sorption at lower aqueous lincomycin concentration (e.g. < 500 mg L-

1). This result suggests that inorganic cations commonly present in surface and ground waters 
could effectively compete with trace level of ionic pharmaceuticals for sorption sites in soil, and 
hence alter their transport and transformation processes in the environment.  
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Ferrihydrite is a common Fe-oxy(hydroxide) nano-mineral with very reactive surfaces in modern 
sediments. Ferrihydrite is a common precursor of goethite and hematite in low-temperature 
geological environments, such as in soils and sediments of groundwater aquifers. However, the 
structure of ferrihydrite is still under debate. Due to the nano-crystallinity, structural disordering 
of the ferrihydrite, and the uncertainty of whether or not ferrihydrite is single phase, previous 
studies from indirect measurements using both elastic scattering (diffraction, and nano-
diffraction), and inelastic scattering of X-ray were not able to provide agreeable structure 
models. The issues such as number of structural phases, unit cell parameters, stoichiometry, 
ordering of Fe, and whether ferrihydrite has tetrahedrally-coordinated Fe are still controversial.  
 
With spherical aberration-corrected scanning transmission electron microscopy (STEM), we can 
obtain locations of Fe atoms and vacancies in ferrihydrite directly from high resolution Z-
contrast images. Two polymorphs are confirmed: ferrihydrite-4H (~ 2/3) and ferrihydrite-2H 
(~1/3). Intergrowth of the two polymorphs can also occur with (001) as interface. The 2H 
polymorph has ABAB packing for oxygen atoms, and the 4H polymorph has ABAC packing 
with doubled unite cell parameters along a- and b-directions with respect to the 2H polymorph. 
All Fe atoms occupy octahedral sites. Unit cell doubling along the a- and b-directions in 
ferrihydrite-4H is resulted from the ordering between Fe and vacancy in octahedral sites. Due to 
structural disordering between Fe and vacancies, ferrihydrite can be considered as 2-D crystals 
with two strong (hk0) diffraction peaks. The calculated XRD pattern based on the new structural 
models fits observed and reported XRD patterns well. Stoichiometry of 6-line ferrihydrite is 
close to Fe(III)0.75(O, OH)2 based on occupancy fitting, i.e., between Fe(OH)3 and FeOOH, 
instead of between FeOOH and Fe2O3. This project is supported by NASA Astrobiology Institute 
and US Department of Energy.  
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Phyllosilicate minerals are common constituents of rocks and soils, but quantitative analysis of 
such materials using XRD is often difficult due to the presence of poorly ordered and 
interstratified phyllosilicates. Diffraction from interstratified phyllosilicate minerals has been 
successfully modeled, and several software packages such as NEWMOD (Reynolds, 1985), 
Diffax (Treacy et al., 1991) and Sybilla (Aplin et al., 2006) have been developed for this 
purpose. However, all of these programs have been applied primarily to interstratified systems 
involving only one phase such as interstratified illite/smectite. In contrast, many natural soil and 
geological samples contain multiple phyllosilicates, often including several interstratified and 
non-interstratified phases. Ideally, quantitative analysis of phyllosilicate-bearing samples should 
be conducted in a manner similar to the Rietveld method in which the adjustable parameters for 
each calculated phase can be varied simultaneously. 
In the current study, the automated parametric fitting routine, FITMOD (Yuan and Bish 2010), 
was modified to enable automated profile fitting to multi-component phyllosilicate systems. In 
addition, a formula was derived to calculate the weight percentage of each phase based on the 
scale factors yielded by the fitting routine.  A set of experimental XRD profiles from a 1:1 by 
weight mixture of kaolinite (KGa-1) and air-dry montmorillonite (Ca-SWy-1) was used to 
evaluate (1) the accuracy of the crystal structure models used in NEWMOD+; and (2) the quality 
of multi-component profile fitting in FITMOD. Preliminary fits gave 57.0% Ca-SWy-1·nH2O 
(measured at 70% relative humidity), versus an expected weight percentage of 54.20%, 
considering the presence of interlayer H2O. 
Aplin, A. C., I. F. Matenaar, D. K. McCarty, and B. A. van der Pluijm. 2006. Influence of 

mechanical compaction and clay mineral diagenesis on the microfabric and pore-scale 
properties of deep-water Gulf of Mexico mudstones. Clays and Clay Minerals 54 
(4):500-514. 

Reynolds, R.C. 1985. NEWMOD, a Computer Program for the Calculation of Basal X-Ray 
Diffraction Intensities of Mixed-Layered Clays. Hanover, NH, 03755: R.C. Reynolds. 

Treacy, M. M. J., J. M. Newsam, and M. W. Deem. 1991. A General Recursion Method for 
Calculating Diffracted Intensities from Crystals Containing Planar Faults. Proceedings of 
the Royal Society of London Series a-Mathematical Physical and Engineering Sciences 
433 (1889):499-520. 

Yuan, H.J., and D.L. Bish. 2010. Automated fitting of X-ray diffraction patterns from 
interstratified phyllosilicates. Clays and Clay Minerals 58:727-742. 
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I will present in this talk some recent studies on both bulk and surface of Kaolinite by means of 
classical molecular dynamics. First, I will focus on the mechanical and thermodynamic 
properties of Kaolinite, then on the superheating and melting of this system. The temperature 
will be then correlated to pressure until extreme conditions in order to derive a phase diagram of 
this clay mineral. The second part of this presentation will handle the investigation of the 
adsorption of uranyl on neutral (001) surfaces of Kaolinite. The structure and dynamics of 
the uranyl ion and its aquo, hydroxyl in the Al (0) surface of Kaolinite will be shown. I will 
discuss in particular the first uranyl coordination shell which exhibits pentagonal bi-
pyramidal symmetry with the pentagonal formed by 5 water molecules. MD studies show 
that the average U-OW distances are 2.49-2.57Å for water molecules. The optimized of 
various types of model surface inner-sphere adsorption complexes and one model for outer-
sphere adsorption complexes will be presented.  
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While performing molecular dynamics simulations of water or aqueous solutions in a slab 
geometry, such as at mineral surfaces, it is important to match bulk water density in the diffuse 
region of the model system with the desired experimental conditions.  Typically, a slab geometry 
represents parallel surfaces with a variable region of confined water (this region can range in size 
from a few Å to many 10’s of Å). While constant pressure simulations usually result in 
appropriate density values in the bulk diffuse region removed from either surface, constant 
volume simulations have also been widely used, sometimes without careful consideration of the 
method for determining water content.  Simulations using the two ensembles as well as two 
methods for calculating the water-accessible volume have been investigated here for two distinct 
surfaces—hydrophilic cristobalite (111) and hydrophobic pyrophyllite (001). In cases where 
NPT simulations are not feasible, a simple “geometry-based” treatment of the accessible volume 
can be sufficient to replicate bulk water density far from the surface. However, the use of the 
Connolly method can be more appropriate in cases where a surface is less well-defined. Specific 
water-surface interactions (e.g., hydrophobic repulsion) are also shown to play a role in 
determining water content in a confined water simulation. While reported here for planar 
surfaces, these results can be extended to an interface with any solvent, or to other types of 
surfaces and geometries. 
Additionally, progress in the development of force field models for clay edge-sites will be 
discussed. 
 
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia 
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. 
Department of Energy’s National Nuclear Security Administration under contract DE-AC04-
94AL85000.  
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MICROBIAL REDUCTION OF FE(III) IN SMECTITE-ILLITE MINERALS BY 
METHANOGEN METHANOSARCINA MAZEI 
 
Jing Zhang,1,2 Hailiang Dong,1,2  Deng Liu,3 Timothy B. Fischer, 1 Shang Wang,2 and Liuqin 
Huang2 
 

1 Department of Geology, Miami University, Ohio 45056, USA 
2 Geomicrobiology Laboratory, China University of Geosciences, Beijing 100083, P. R. China 
3.Key Laboratory of Biogeology and Environmental Geology of Ministry of Education, China 
University of Geosciences, Wuhan 430074, P. R. China 
 
Jing Zhang email: zhangj6@muohio.edu 
 
The objective of this study was to understand the reduction capability of structural Fe(III) in 
smectite-illite clay minerals by a mesophilic methanogen, Methanosarcina mazei and its 
potential role in including mineralogical changes. Bioreduction experiments were performed in 
batch systems, where four different clay minerals were exposed to M. mazei in growth medium 
with and without anthraquinone-2,6-disulfonate (AQDS). Four clay minerals in the S-I series 
were selected: nontronite NAu-2 (smectite group), illite IMt-1 and, two mixed-layer illite-
smectite samples rectorite RAr-1 (R1, I-S 50:50) and ISCz-1 (R2, I-S 70:30). The clay minerals 
size fraction of 0.05-0.2 µm was used in all experiments. The methanogen was incubated with 
methanol as electron donor and structural Fe(III) in clay mineral structure (10 g/L) as electron 
acceptor. The extent of iron reduction was measured by Ferrozine assay and the 1,10-
phenanthroline method. Methane concentration, and aqueous chemistry were measured. X-ray 
diffraction (XRD), modeling using Sybilla, scanning and transmission electron microscopy 
(SEM and TEM) were used to observe any mineralogical changes. 
 
Our results demonstrated that M. mazei was able to reduce structural Fe(III) in the four clay 
minerals with methanol, and AQDS enhanced the reduction rate and extent. The extent of 
bioreduction was highest for NAu-2, reaching 31.2% and 23.8% with and without AQDS, 
respectively, and lowest for IMt-1, only 9.4% and 5.1% with and without AQDS, respectively. 
The extent of bioreduction in this smectite-illite series was positively correlated with the percent 
smectite in the S-I series. XRD and SEM-EDS of bioreduced NAu-2 showed that there was 
biogenic vivianite and silica formation, but no biogenic illite formation in NAu-2 system. 
However, TEM-EDS revealed the occurrence of biogenic mixed-layer illite-smectite and illite. 
Methane production was strongly inhibited by iron reduction which highlights the important role 
of iron in global methane flux. 
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TIME-RESOLVED STUDY OF EARLY-STAGE FORMATION OF 
SCHWERTMANNITE NANOPARTICLES IN IRON SULFATE SOLUTIONS 
 
Mengqiang Zhu1, Benjamin Legg2, Hengzhong Zhang2, Yang Ren3,  
Benjamin Gilbert1, Glenn Waychunas1 and Jillian Banfield1, 2 
 

1Earth Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 
Email for M. Zhu: mzhu@lbl.gov 
2Earth and Planetary Science, University of California, Berkeley, CA 
3Advanced Photon Source, Argonne National Laboratory, Chicago, IL  
 
During the early stages of iron oxide nanoparticle formation, toxic metals and anions can be 
incorporated into nanoparticle structure, which affects fate and transport of the toxic elements 
[1]. These developing iron oxide nanoparticles are active and can influence microbial activities 
via interaction with extracellular biogenic polymers and proteins [1]. In this study, early stage 
formation of ferric iron oxyhydroxide (FeOOH) nanoparticles in bicarbonate partially-
neutralized Fe2(SO4)3 solutions was investigated using Ferron-timed assays, time-resolved UV-
Vis spectroscopy, synchrotron radiation X-ray diffraction (SR-XRD), and quick extended X-ray 
absorption fine structure (QEXAFS) spectroscopy. This study focuses on understanding iron 
oxide formation kinetics during neutralization processes that would occur during remediation of 
acid mine drainage (AMD) enriched with Fe3+, sulfate and toxic elements. Two neutralization 
ratios (h=[HCO3

-]/[Fe3+]) were studied in detail. The neutralized systems changed visually from 
transparent solutions (up to 26 min) after the base addition to cloudy and then opaque 
suspensions at extended reaction time. In this talk we focus on the processes occurring in the 
transparent period. The ferron assay indicated that during this period, dissolved Fe3+ 
(monomers/dimers) decreased from 96% to 80% for h=1 and from 47% to 30% for h=2 ratios. 
UV-Vis spectroscopy indicated that FeOOH particles were being formed with increasing particle 
concentration and sizes for both solutions based on the increasing intensity of the electron pair 
transition (EPT) band, and red-shift of the band around 370 - 400 nm. UV-Vis spectroscopy also 
detected the presence of an unknown Fe species, probably a Fe3+-sulfate complex, in the h=1 
solution and an unknown solid phase, probably ferrihydrite, in the h=2 solutions. Both of the 
unknown species were unstable and disappeared with time. Although particle concentrations 
were very low in the transparent periods, time-resolved SR-XRD patterns were able to identify 
the developing FeOOH particles as schwertmannite in both reaction systems. QEXAFS spectra 
with a time-resolution of 30 s further revealed that for the h=2 solution, the second Fe-Fe 
distance decreased from 3.41 to 3.36 Å with increasing Fe coordination numbers with time. The 
first Fe-Fe distance was almost constant at 3.03 Å. For the h=1 solution, the EXAFS radial 
structural functions (RSF) initially had no or very weak Fe peaks up to 10 min of reaction time 
due to the low particle concentration as revealed by Ferron assay. Afterwards, well-defined Fe 
peaks are visible. In summary, this study was able to observe the time-dependent evolution of 
iron oxide nanoparticles, including their structural and size variations during early stages of 
formation. The methodology used in this study could be applied to investigation of the formation 
mechanisms of other clay mineral nanoparticles. 
Jun, Y.-S.; Lee, B.; Waychunas, G. A., In situ observations of nanoparticle early development 
kinetics at mineral-water interfaces. Environmental Science & Technology 2010, 44, (21), 8182-
8189.  
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ADSORPTION/DESORPTION OF INDOLE/KAOLINITE AGGREGATES IN NON-
AQUEOUS MEDIA 

 
Jonathan Fafard1, Sadok Letaief1, Christian Detellier1 
 
1Department of Chemistry and Centre for Catalysis Research & Innovation. University of 
Ottawa, 10 Marie Curie, Ottawa, Ontario, Canada, K1N 6N5.  
With known supplies of oil projected to be depleted in a few decades many countries are now 
turning to unconventional sources to meet rising demand. One such source is in the form of oil 
sands, a mixture of sand, clays, water and bitumen. The bitumen component is a complex 
mixture of organic matter containing a characteristic fraction that is insoluble in linear, low 
molecular weight hydrocarbons, commonly known as asphaltenes. These poly-aromatic 
hydrocarbons (PAH) are comprised of a wide array of chemical species incorporating polar 
heteroatoms in their structure such as indoles, carbazoles, acridines, and di-benzothiophenes. 
These groups are believed to interact very strongly with the fine clay particles, particularly 
kaolinite, present in tar sands leading to the formation of stable organo-clay  aggregates, 
complicating extraction and separation processes. To better understand these aggregates found in 
oil sands, model compounds using kaolinite and simple aromatic heterocycles identified in 
asphaltenes, were studied. One such model using indole and kaolinite was prepared in non-
aqueous media and the materials characterized by various physiochemical techniques. Solid state 
NMR, and thermal analysis confirmed that a fraction of the organic material in solution was 
loaded on the clay. The amount loaded was quantified by CHNS elemental analysis: around 
20mg of organic material loaded/g of clay. XRD showed no shifts in the d-spacing of kaolinite, 
confirming that indole was incorporated via adsorption on the external surfaces. Further 
elemental analysis studies showed the stability of these organo-clays, with appreciable organic 
material remaining following washings with various organic solvents. The most effective 
solvents removed 50% of the organic material loaded. Electron microscopy shows regular 
stacking of kaolinite platelets, evidence of a organo-clay aggregate structure being formed. 
Hydrous Phyllosilicates, ed. Bailey, S.W. American Mineralogical Society, Washington DC, 

1988. 
Basu, S.; Kanda, W.C.;  Nandakumar, K.; Masliyah, J.H. Ind. Eng. Chem. Res. 1998, 37, 959-

965. 
Tu, Y.; Kingston, D.; Kung, J.; Kotlyar, L.S.; Sparks, B.D. Petrol. Sci. Technol., 2006, 24, 327-

338. 
Strausz, O.P.; Mojelsky, T.W.; Lown, E.M. Fuel, 1992, 71, 1355-1363.  
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