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 R   E  S  E   A   R  C   H     EXPERIENCE

Overview of research objectives, previous and current research

I define research problems that are of special significance in mineralogy and materials science. 
Generally, these problems relate to the understanding of phyllosilicate (clay mineral) stability by
understanding atomic structure.  In addition, I “re-invent” myself every 7 to 8 years, so that I work on
new topics that allow a greater understanding and appreciation of phyllosilicates in general.  Thus,
instead of one or two research areas involving special techniques or research with two or three minerals,
I have had five major directions of research over the last twenty-five years involving many techniques
(e.g., XRD and high-temperature and high-pressure powder and single-crystal XRD, HR TEM, high-
pressure DTA, optical harmonics,  computer simulations of crystal structures, etc) and all the
phyllosilicate mineral groups.  My major projects include:

1.  Clay-hydrate intercalates.  Methane hydrates are ubiquitous on the ocean floor and represent a vast
reservoir of methane, a greenhouse gas.  A low-temperature, elevated- pressure powder X-ray diffraction
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environmental chamber was developed to study hydrate formation intercalated in the clay structure. 
Initial studies indicate that methane hydrates do indeed intercalate in swelling clays, suggesting an
additional reservoir for methane that may have important implications for climate change, for energy-
resource development, for understanding geologic hazards on the ocean floor, and for energy-exploration
strategies.  There are also important implications for clays on Mars, where methane and carbon dioxide
may be candidates for clay intercalates located at the Martian poles.  Studies are now involving
variations in interlayer compositions (Na, K, Ca) for specific smectite minerals (montmorillonite,
nontronite) that may be common on the ocean floor.  Future investigations involving a new chamber
capable of examining phases in sea water will study the effect of different salt solutions and various

2gases (such as ethane, CO  and others).

2. Organo-clay interactions.  Interactions between organic molecules and clays represent an important
part of the field of “environmental mineralogy”.  Understanding these interactions is critical in
developing new materials for remediation of polluted ground water and soil.  Organic molecule
interstratifications in vermiculite are being studied by single crystal X-ray methods.  Previous workers
did not have a systematic approach to investigate the atomic structure of the organic molecule in the clay
they studied.  In contrast, I have been studying both the atomic structure of the organic molecule and the
clay and how organic-molecule complexity affects the overall structure of the clay.  Thus, individual
studies of  tetramethylammonium (TMA-) and tetramethylphosphonium(TMP)-exchanged vermiculites
have showed the effects of organic-molecule size on the structure, and monomethylammonium and
dimethylammonium-exchanged vermiculite along with TMA-exchanged vermiculite showed the effects
of increasing the complexity of the organic molecule on the structure.  By transmission electron
microscopy (TEM), I showed that structural defects play an important role in how organic molecules
interact in certain clays.  I am also considering how organo-clay interactions can self-assemble organic
molecules perhaps as a prelude to the origin of life.  More recently, along with a former student, I am
developing clays as universal nucleants for the crystallization of protein structures.

23. Dehydration and dehydroxylation reactions.  The role of water (H O, OH) in reactions involving
phyllosilicates is fundamental in sedimentary, metamorphic, and diagenetic processes, as well as in many
industrial and engineering applications.  My research combines high-temperature, X-ray diffraction
techniques with high-pressure DTA to propose atomistic models for these reactions, in addition to the
description of the thermodynamic properties.  Studies have included a wide range of interlayer cation-
exchanged smectite minerals to understand the dehydration and dehydroxylation of these minerals. 
During the same period, high-temperature studies of the atomic structure of muscovite (for dioctahedral
micas), phlogopite (for trioctahedral micas), lizardite (for serpentines), and chlorite were made to
understand how phyllosilicate atomic structures respond to temperature increases.  The muscovite
structure paper was seminal in the use of Pauling’s rules to develop an atomistic dehydroxylation model. 
I was quite pleased that this approach was used later by Drits and co-workers to develop models for the
dehydroxylation of cis-vacant micas.

4. Modulated phyllosilicates.  The characterization of modulated layer silicates is important in the
understanding of topological limits and possible chemical variations of common layer silicates.  This
work emphasizes the use of high-resolution transmission electron microscopy (HR TEM) and electron
diffraction to determine the complex crystal structures of the modulated phyllosilicates.  Structural
models were developed that allowed the prediction of which structures of some phyllosilicates should be
considered candidates for structural modulations.  In addition, a general classification scheme was
developed for the modulated phyllosilicates.  Much of the TEM work on developing structural models
was done in the 1980s, long before most workers (at least in the West) recognized that structures could
be obtained from intensity data.

5. Structure studies of phyllosilicates.  Understanding the crystal structures of layer silicates is
fundamental in predicting the physical and chemical properties of these materials.  Current work
involves X-ray structural studies at high temperatures (see dehydration and dehydroxylation studies
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below), in addition to examining phyllosilicates of unusual chemistries.  My earlier studies, in
collaboration with my doctoral advisor, S.W. Bailey, developed models of cation ordering in subgroup
symmetries, in particular, for mica minerals such as margarite, lepidolite, and zinnwaldite.  The idea that
ordering effects could only be recognized by considering subgroup symmetries of the space groups was
novel, and we were the first to develop techniques where subgroups could be tested. 
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Committee for 2008.  Clays and Clay Minerals, 57, 46-47 and simultaneously publication in
Clay Minerals, 44, 157-9

Bujnowski, T. J., Guggenheim, S., and Brigatti, M.F. (2009) Stability of Al-saturated phlogopite: Charge
considerations and crystal chemistry.  Clays and Clay Minerals (in press)

Bujnowski, T.J. and Guggenheim, S.  (2009) Crystal structure determination of anandite-2M mica. 
American Mineralogist (in press)

Chapters in books

Guggenheim, S. (1984) The brittle micas.  In Micas (Mineralogical Society of America Reviews in
Mineralogy, v. 13.) Chapter 3.  Ed. by S.W. Bailey.

Evans, B.W. and Guggenheim, S. (1988) Talc, pyrophyllite and related minerals.  In Hydrous
phyllosilicates exclusive of the micas (Mineralogical Society of America Reviews in 
Mineralogy, v. 19) Ed. by S.W. Bailey, 225-294.

Guggenheim, S. and Eggleton, R.A. (1988) Crystal chemistry, classification, and identification of
modulated layer silicates.  In Hydrous phyllosilicates exclusive of the micas (Mineralogical
Society of America Reviews in Mineralogy, v. 19) Ed. by S.W. Bailey, 675-725.
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Koster van Groos, A.F. and Guggenheim, S. (1990) High pressure differential thermal analysis
(HP-DTA):  Applications to clay minerals.  In Thermal Analysis in Clay Science (CMS
Workshop Lectures, v. 3) Eds. J.W. Stucki, D. Bish, and F.A. Mumpton, 49-94.

Guggenheim, S. (1997) Introduction to the properties of clay minerals (and a discussion on the
application of clay minerals to low-level radioactive waste disposal). MSA Monograph:
Teaching Mineralogy, Brady, J.B., Mogk, D.W., and Perkins, D., III, Eds., 371-388. 

Brigatti, M.F. and Guggenheim, S. (2002) Mica crystal chemistry and the influence of intensive variables
on atomistic models. In Micas: Crystal Chemistry and Metamorphic Petrology,   Ed. by A.
Mottana, F. Sassi, J. B. Thompson, and S. Guggenheim, Reviews in Mineralogy, 1-99.

Guggenheim, S. (2002) An introduction to the analysis of clay minerals by laser and X-ray diffraction
techniques.  In Teaching Clay Science, CMS Workshop Notes series, v. 11, Ed. by A. Rule and
S. Guggenheim, Clay Minerals Society, 143-160.

Guggenheim, S. and Kane, S. (2002) Cooperative learning techniques: Applications to clay science. In
Teaching Clay Science, CMS Workshop Notes series, v. 11, Ed. by A. Rule and S. Guggenheim,
Clay Minerals Society, 45-58.

 
Ross, B. and Guggenheim, S. (2002) Interlayer reactions in expandable clays: Exchange, solvation, and

intercalation experiments.  In Teaching Clay Science, CMS Workshop Notes series, v. 11, Ed. by
A. Rule and S. Guggenheim, Clay Minerals Society, 161-180.

Books or Journals Edited

Editor-in-Chief, Oct., 1998 to Jan., 2001, The Journal:  Clays and Clay Minerals

Baseline studies of the Clay Minerals Society Source Clays, P.M. Costanzo and S. Guggenheim, Eds.,
volume 49, issue 5, Clays and Clay Minerals, 2001

Micas: Crystal chemistry and metamorphic petrology. Reviews in Mineralogy and Geochemistry.
Mottana, A., Sassi, F.P., Thompson, J.B., Jr. and Guggenheim, S.  Editors.  Mineralogical Society of
America and Accademia Nazionale dei Lincei, Washington, DC. (2002), 499 p.

Teaching Clay Science.  CMS Workshop Notes Series, A. Rule and S. Guggenheim, Eds., The Clay
Minerals Society, Boulder, CO (2002), 223 p.

Miscellaneous publications

X-ray powder patterns of micas: Appendix in Micas (Mineralogical Society of America Reviews in
Mineralogy, v. 13) Appendix, 573-584 (with S.W. Bailey)

Hawley Medal Acceptance Speech (for 1987) Canadian Mineralogist 25, 786-788

Interview of S.W. Bailey for "Interviews of Pioneers in Clay Mineralogy" series, Clay Minerals Society
Newsletter, September, 1990, 4-11.

Report of the Secretary for 1991.  (Mineral. Soc. of America)  American Mineralogist 77, 874-875
(1992)

Report of the Secretary for 1992.  (Mineral. Soc. of America)  American Mineralogist 78, 858-859
(1993)
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Report of the Secretary for 1993.  (Mineralogical Society of America)  The Lattice 10, 8-9 (1994).

Report of the Secretary for 1994.  (Mineralogical Society of America)  The Lattice 11, 10-11 (1995).

Muscovite, Phlogopite, Lepidolite, Vermiculite: Four separate articles for McGraw-Hill Encyclopedia Of
Science and Technology, 8th edition, S.P. Parker, editor, New York, McGraw-Hill, 1997, v. 15.

Memorial: Sturges ("Bull") William Bailey, same article published in American Mineralogist, 1995, v.
80, in press, Clay Minerals, 1995, v. 30, 87-88, and the Clay Minerals Society Newsletter,
Winter, 1995, 3-7.

The Bragg equation:  What to do with "n" and other comments.  Clay Minerals Society Newsletter,
Summer, 1995, 14-15.

Allen, C.C., Beaty, D.W., Blake, D.F., Bridges, N.T., Counil, J-L., Guggenheim, S., MacPherson,
G.J.McDonald, G.D., Ming, D.W., Papanastassiou, D.A., Owen, T., and Trent, J. (2001) Mars
return sample temperature study.  Internal document, NASA/JPL, 1-12.

Reviews

Guggenheim, S. (1985) Review of Crystal Structures of Clay Minerals and their X-ray Identification, ed.
by G. W. Brindley and G. Brown.  In Journal of Sedimentary Petrology 55, 786.

Guggenheim, S. (1997) Review of Crystallography, by W. Borchardt-Ott.  In American Mineralogist 82,
840.

Guggenheim, S. (2005) Deer, Howie, and Zussman Rock-Forming Minerals, Sheet Silicates: Micas, by
M.E. Fleet.  In American Mineralogist, 90, 774-775.

Abstracts
All abstracts are published, in the respective meeting abstract volume unless indicated otherwise.

Guggenheim, S., Wilkes, P. and Bailey, S.W. (1977) X-ray and electron diffraction study of greenalite
and minnesotaite.  American Geophysical Union Transactions, EOS (invited paper, AGU Spring
1977 Meeting).

Guggenheim, S., Wilkes, P. and Bailey, S.W. (1979) The nature of greenalite.  25th Annual Institute on
Lake Superior Geology.

Lin, J.-C. and Guggenheim, S. (1981) The Li,Be Micas: Dioctahedral/ Trioctahedral Structural
Intermediates.  Clay Mineral Society Annual Meeting. 

Guggenheim, S., Bailey, S.W., Eggleton, R.A. and Wilkes, P. (1981) Structural Aspects of Greenalite. 
Clay Mineral Society Annual Meeting (invited paper).

Koster van Groos, A.F. and Guggenheim, S. (1982) The effect of pressure on the dehydration reaction of
montmorillonite, SWy-1.  Clay Mineral Society Annual Meeting.

Yeskis, D., Guggenheim, S. and Koster van Groos, A.F Member, (1983) Differential Thermal Analysis
(DTA) of kaolinite, pyrophyllite and muscovite at high pressures.  North Central Section of the
Geological Society of America 17th Annual Meeting.
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Medaris, G., Jr. and Guggenheim, S. (1983) An occurrence of agrellite and miserite in the Wausau
Complex, Marathon County, Wisconsin.  Mineralogical Society of America Symposium on
Alkaline Complexes.  September 16-18, 1983.  Wausau, Wisconsin. 

Vaughan, M. and Guggenheim, S. (1985) Elasticity of micas.  International Clay Conference.

Guggenheim, S. (1985) Across interlayer space: Modulated layer silicates,  systematics and predictions. 
International Clay Conference.

Guggenheim, S. (1986) Modulated 2:1 layer silicates.  International  Mineralogical Association, 14th
General Meeting, Stanford University,  116-117.

Guggenheim, S., Chang, Y.-H. and Koster van Groos, A.F. (1986) Muscovite  dehydroxylation. 
Geological Society of America Annual Meeting.

Bouchard, S. and Guggenheim, S. (1987) Structural changes in margarite with increasing temperature. 
GSA North Central Section Meeting.

Buseck, P.R., Ahn, J.H., Guggenheim, S. and Rimsky, A. (1987) Tetrahedral strip disorder in
minnesotaite.  Geological Society of America Annual Meeting.

Wiet, S. L., Koster van Groos, A. F., and Guggenheim, S. (1988) Morphologic control of Halloysite
Dehydroxylation.  Clay Minerals Society Annual Meeting.

Kokines, A., Guggenheim, S., Koster van Groos, A. F., and Sclar, C. B. (1988) Interlayer water loss in a
high-pressure mica-like phase.  Clay Minerals Society Annual Meeting.

Eggleton, R.A. and Guggenheim, S. (1988) A new model for the structure of bementite, a modulated 1:1
layer silicate.  Geological Society of America Annual Meeting.

Guggenheim, S. (1989) The dynamics of thermal decomposition in aluminous dioctahedral 2:1 layer
silicates.  AIPEA-9th International Clay Conference (invited), Strasbourg, France. 

Tyrna, P. and Guggenheim, S. (1989) The crystal structure of norrishite, an anhydrous mica.  Geological
Society of America Annual Meeting.

Rakovan, J.F. and Guggenheim, S. (1991) Rietveld refinement of clinochlore-IIb-2.  Clay Minerals
Society Annual Meeting.

Guggenheim, S., Eggleton, R.A., Mackinnon, I.D.R. (1991) The crystal structure of greenalite and
caryopilite: A system of regularly interstratified crystalline and semi-amorphous sheets.  Clay
Minerals Society Annual Meeting.

Eggleton, R.A. and Guggenheim, S. (1991) The crystal structure of parsettensite by electron-optical
methods and comparisons to stilpnomelane.  Geological Society of America Annual Meeting.

Farrow, EA., Livi, K. J.T., Guggenheim, S., Veblen, D.R., and Morad, S. (1991) The structure of
bannisterite: An experimental and computer simulated transmission electron microscopy (TEM)
study.  Terra Abstracts, 3, 401.

Nelson, Daniel O. and Guggenheim, S. (1992) High-temperature single-crystal X-ray study of chlorite. 
Clay Minerals Society Annual Meeting. (Abstract presented orally and not included in volume
owing to an error)
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Guggenheim, S. (1993) Recent trends in structural studies of the phyllosilicates 1989-1992.  AIPEA 10th
International Clay Conference, Adelaide, Australia, invited.

Guggenheim, S. and Eggleton, R.A. (1993) Crystal-glass sandwiches: The structure of greenalite-
caryopilite.  AIPEA 10th International Clay Conference, Adelaide, Australia.

Guggenheim, S. (1993) Oxidation and thermal decomposition of chlorite.  AIPEA 10th International
Clay Conference, Adelaide, Australia, invited.

Guggenheim, S. (1993) Environmental mineralogy at UIC. Geological Society of America Annual
Meeting.

Wu, T-c., Bassett, W.A., Huang, W-L., Guggenheim, S., and Koster van Groos, A.F. (1995) Dehydration

2and rehydration of Ca-exchanged montmorillonite in H O at high pressures and temperatures: an
in situ X-ray diffraction study in a hydrothermal diamond-anvil cell.  Goldschmidt Conference,
May 24-26, 1995.

Vahedi-Faridi, A. and Guggenheim, S. (1996) Single crystal X-ray structure determination of TMA-
vermiculite. Clay Minerals Society Annual Meeting, Gatlinsberg, TN.

Vahedi-Faridi, A. and Guggenheim, S. (1997) Structure of TMP-exchanged vermiculite. International
Clay Conference, Ottawa.

Vahedi-Faridi, A. and Guggenheim, S. (1998) Structural study of monomethylammonium and
dimethylammonium-exchanged vermiculite, Clay Minerals Society Annual Meeting, Cleveland,
Ohio

Awad, A., Koster van Groos, A.F., and Guggenheim, S. (1998)  Directional dissolution kinetics of
forsteritic olivine.  American Geophysical Union Fall Meeting

Vahedi-Faridi, A. and Guggenheim, S. (1998) Pillared clays: crystal structures of a series of organic-
cation exchanged vermiculites.  Geological Society of America Annual Meeting, Toronto,
Canada

Johns, C. and Guggenheim, S. (1999) X-ray structure of a trimethylsulfoxonium-exchanged vermiculite. 
Annual Meeting, Clay Minerals Society, Purdue University, June, 1999.

Guggenheim, S. and Zhan, W. (1999) The Heat-treatment test to discriminate between Fe-rich chlorite
and kaolinite: Why does it work?  Euroclay Conference, Kraków, Poland, Sept. 5, 1999.

Hammerly, E., Rakovan, J. and Guggenheim, S. (2001) An AFM study of the palygorskite-sepiolite to
smectite transformation in the Meigs-Attapulgas-Quincy district.  Goldschmidt Conference,
May, 2001, Hot Springs, Virginia.

Krekeler, M., Guggenheim, S., and Rakovan, J. (2001) Palygorskite deposits from the Hawthorne
Formation, southern Georgia: A complex history of sedimentation and authigenesis.  GSA
Annual Meeting, Boston.

Guggenheim, S. (2001) Recent Structural Studies of Organo-pillared clays.  The 12 th International Clay
Conference, 22-28 July 2001, Bahia Blanca, Argentina
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Krekeler, M., Guggenheim, S., and Rakovan, J. (2002) TEM investigation of apatite and oxide minerals
in palygorskite deposits from the Hawthorne Formation, Clays and Clay Minerals Annual
Meeting, June, 2002, Boulder, CO.

Guggenheim, S. and Koster van Groos, A. F. (2002) Relations of methane and smectite at 40-bar
pressure and temperatures between 22 and -9 C.  International Mineralogical Associationo

Meeting, Sept., 2002, Scotland

Krekeler, M. and Guggenheim, S. (2003) Polysome-related defects in palygorskite-sepiolite minerals: A
transmission electron microscopy (TEM) study.  Clay Minerals Society Annual Meeting, June,
2003, Athens, Georgia.

Guggenheim, S. and Koster van Groos, A. F. (2003)  Clays and methane hydrate.  Clay Minerals Society
Annual Meeting, June, 2003, Athens, Georgia.

2Guggenheim, S. and Koster van Groos, A. F. (2003) Smectites, Gas Hydrates, and Interlayer H O:
Recent Developments.  Euroclay, June, Modena, Italy, keynote speaker. 

Guggenheim, S. (2004) Simulations of Debye-Scherrer and Gandolfi powder patterns using the Bruker
SMART/APEX three-circle diffractometer system.  American Crystallographic Association
Annual Meeting, Chicago, Il., 18-22 July 2004.

Krekeler, M., Rakovan, J., and  Guggenheim, S. (2004) Polysome-width variation in palygorskite-
sepiolite minerals: A TEM and AFM investigation of structural variation and transformation. 
GSA Annual Meeting, Denver, Nov., 2004.

Kelkar, K., Guggenheim, S. and Koster van Groos, A. F. (2004) Methane hydrate-smectite clay
complexes in Na-exchanged nontronite and K-exchanged montmorillonite, GSA Annual
Meeting, Denver, 2004

Guggenheim, S. and Koster van Groos, A. F. (2005) Phase equilibria applications: Gas hydrate-smectite
clay complexes.  Micas 2005, Italian Mineralogical Society meeting, Rimini, Italy (invited talk)

Brigatti, M.F., Guggenheim, S., Laurora, A., Malferrari, D., Poppi, M., and Poppi, L. (2005) Crystal
chemical models on trioctahedral and dioctrahedral micas.  Micas2005, Italian Mineralogical
Society meeting, Rimini, Italy (invited talk).

Lee, S.S., Guggenheim, S., Dyar, D. and Guidotti, C.V. (2005) Relationship of unit-cell paramters with
chemical composition for aluminum-saturated chlorite.  Clay Minerals Society Annual Meeting,
June, 2005

 Guggenheim, S. and Koster van Groos, A.F. (2005) Methane hydrate-smectite clay complex stability. 
AIPEA Annual Meeting, August, 2005 (invited talk).

Guggenheim, S. and Koster van Groos, A.F. (2006) Complexes of methane hydrate and clay. 
International Mineralogical Association Meeting, Kobe, Japan (invited talk).

2Guggenheim, S. and Koster van Groos, A. F. (2007) Methane + H O in smectite. Clay Minerals Society
Annual Meeting, June, 2007

Guggenheim, S. and Koster van Groos, A. F. (2007) Experimental studies of methane and smectite.
Euroclay 2007, July, 2007, Aveiro, Portugal.
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Medaris, L.G., Jr., Fournelle, J.H., and Guggenheim, S. (2007) An occurrence of agrellite in the Wausau
alkaline igneous complex, Marathon County, Wisconsin.  Institute on Lake Superior Geology,
53  Annual Meeting, 8-13 May 2007, Lutsen, Minnesota, 50-51.rd

Koster van Groos, A. F. And Guggenheim, S. (2008) A High-Pressure X-Ray Environmental Chamber to
Simulate Ocean-Floor Conditions.  American Geophysical Union Annual Meeting, Dec., 2008,
San Francisco.

Guggenheim, S. And Koster van Groos, A.F. (2009) Deep ocean-floor and bore-hole simulations:
Examples involving montmorillonite and nontronite.  14  International Clay Conference, 14-20th

June 2009.

Wei, Z., Zhang, G., Ferrell, R. And Guggenheim, S. (2009) Elastic moduli and nanohardness of talc and
pyrophyllite.  Clay Minerals Society Annual Meeting, 6-11 June 2009, Montana.


