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EPMA REFERENCES

References: Several reference books are on reserve in the Geology Library. Campus
bookstores may also have copies of the first.

Scanning Electron Microscopy and X-Ray Microanalysis, Third Edition   by J. Goldstein, D.E.
Newbury, D.C. Joy, C. E. Lyman, P. Echlin, E. Lifshin, L. C. Sawyer, and J.R. Michael.
Plenum Press. 2003. Good reference; covers SEM in detail as well as EPMA. (hardback, $75)

Electron Microprobe Analysis and Scanning Electron Microscopy  in Geology  by S. J. B.
Reed. Cambridge Univ Press. 1996.  A compact version of Reed (1993); less theory and more
applications. (paperback available, ~$30)

Electron Microprobe Analysis by S. J. B. Reed. Cambridge Univ Press. Second edition, 1993.
basically the same as 1st edition, some revisions and updates.

Microprobe Analysis by C.A. Anderson. Wiley. 1973. Has several  contributions on the
application of empa to geology and materials science.

SEM Petrology Atlas by Joann E. Welton. American Assoc. of Petroleum Geologists. 1984
Has a nice and short explanation of SEM and EDS. Shows SEM images and EDS spectra for a
few dozen common minerals. (A few copies available for  purchase in Probe Lab, $15)

A Guide to Scanning Microscope Observation by JEOL . A relatively short pamphlet with
lots of good pictures demonstrating 'good' vs 'poor' SEM conditions

X-ray Tables

Bearden, J.A. (1964) X Ray Wavelengths. Publication NYO-10586. U.S. Atomic Energy
Commission, Oak Ridge, TN.  533 pp.

Bearden, J.A. (1967) X-ray wavelengths and X-ray atomic energy levels. Review of Modern
Physics, 31. Reprinted as National Bureau of Standards publication NSRDS-NBS 14, 66 pp.

Cameca (ND) Wavelength Table. Ref 39 265 934. 198 pp.

Donovan, J.D. (2001) Listing of up-to-date (2001) NIST x-ray listing as well as higher order
wavelengths. http://epmalab.uoregon.edu/UCB_EPMA/xray.htm This information is
accessed also in Probe for Windows, and is searchable against a displayed wavescan.

Thompson, A.C. et al (2001) X-ray Data Booklet. Lawrence Berkeley National Laboratory. A
3x5” booklet, available on line from http://xdb.lbl.gov  and can be ordered for free from
there.

White, E.W., Gibbs, G.V., Johnson, G.G. Jr., Zechman, G.R. Jr. (1964) X-ray wavelengths and
crystal interchange settings for wavelength geared curved crystal spectrometers.  Penn
State University, 132 pp.

White, E.W. and Johnson, G.G. (1972). X-ray and absorption wavelengths and two-theta
tables, 2nd edition. ASTM. 168 pp.

Historical
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Castaing, R. (1951) Application of electron probes to local chemical and crystallographic
analysis (Thesis, Univ. of Paris), Translated by P. Duwez and D.B. Wittry, CalTech, 1955
(Special Technical Report under U.S. Army)

Castaing, R and A. Guinier (1953) Point-by-point chemical analysis by X-ray spectroscopy:
Electronic Microanalyzer, in Analytical Chemistry special issue “Symposium on X-rays as
analytical chemical tool”, Vol. 25,  p. 724-726.

Duncumb, P. (2001) Microprobe design in the 1950s: Some examples in Europe, Microscopy
and Microanalysis, 7, 100-107.

Heinrich, K. F. J. (2001) The golden age of Microanalysis, Microscopy and Microanalysis, 7,
108-118.

Philibert, J. (2001) The time of Pioneers, Microscopy and Microanalysis, 7, 94-99.

Shimizu, R. (2001) Developments of electron probe instrumentation during those early days
when Professor Castaing visited Japan, Microscopy and Microanalysis, 7, 119-123.

Instrumentation: Spectrometers, etc

Conty, C. (2001) Today’s and tomorrow’s instruments. Microscopy and Microanalysis, 7,
142-149.

McCarthy, J.J. and Friel, J.J. (2001) Wavelength dispersive spectrometer and energy
dispersive spectrometer automation: past and future development. Microscopy and
Microanalysis, 7, 150-158.

Wittry, D.B. and Barbi, N.C. (2001) X-ray crystal spectrometers and monochromators in
microanalysis. Microscopy and Microanalysis, 7, 124-141.

Statistics, Precision, Accuracy

Cox, M.G.C. (1983) Experimental determination of x-ray intensities, in Quantitative Electron-
Probe Microanalysis (Ed. V.D. Scott and G. Love), Wiley, 125-146.

Lifshin, E. and Gauvin, R. (2001) Minimizing errors in electron microprobe analysis.
Microscopy and Microanalysis, 7, 168-177.

Ziebold, T.O. (1967) Precision and sensitivity in electron microprobe analysis. Analytical
Chemistry, 39, 858-861.

Also see articles from 2001 NIST-MAS conference, in NIST’s Journal of Research, vol. 107,
no. 6  on the web at http://nvl.nist.gov/pub/nistpubs/jres/107/6/cnt107-6.htm

Matrix Corrections

Albee, A.L. and Ray, L. (1970) Correction factors for electron probe microanalysis of
silicates, oxides, carbonates, phosphates, and sulfates, Analytical Chemistry, 42, 1408-1414.
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Armstrong, J.T. (1988) Quantitative analysis of silicate and oxide materials: comparison of
Monte Carlo, ZAF, and phi(rho Z) procedures, in D.E. Newbury, ed., Microbeam Analysis,
p. 239-246.

Armstrong, J.T. (1988) Bence-Albee after 20 years: review of the accuracy of a-factor
correction procedures for oxide and silicate minerals, in D.E. Newbury, ed., Microbeam
Analysis, p. 469-476.

Bence, A.E. and Albee, A. L. (1968) Empirical correction factors for the electron
microanalysis of silicates and oxides. Journal of Geology, 76, 382-403.

Joy, D.C. (2001) Fundamental constants for quantitative X-ray microanalysis. Microscopy
and Microanalysis, 7, 159-167.

Pouchou, J-L and Pichoir, F.  (1986) Basic expression of "PAP" computation for quantitative
empa, in JD Brown and RH Packwood, ed, 11th Intl Congress on X-ray Optics and
Microanalysis, p. 249+

Pouchou, J-L and Pichoir, F.  (1988) A simplified version of the "PAP" model for matrix
corrections in epma, in DE Newbury, ed. Microbeam Analysis, p. 315-318

Pouchou, J-L and Pichoir, F. (1991) Quantitative analysis of homogeneous or stratified
microvolumes applying the model "PAP", in KFJ Heinrich and DE Newbury, ed., Electron
Probe Quantitation, p 31-75.

Ziebold, T.O. and Ogilvie, R.E. (1963) Quantative analysis with the electron microanalyzer,
Analytical Chemistry, 35, 621-627.

Ziebold, T.O. and Ogilvie, R.E. (1964) An empirical method for electron microanalyis,
Analytical Chemistry, 36, 322-327.

Chemical Shift and Bonding (also see light elements)

Albee, A.A. and Chodos, A. (1970) Semiquantitative electron microprobe determination of
Fe2+/Fe3+ and Mn2+/Mn3+ in oxides and silicates and its application to petrologic problems,
Am. Min., 55, 491-501.

Carroll, M.R. and Rutherford, M.J. (1988) Sulfur speciation in hydrous experimental glasses
of varying oxidation state: results from measured wavelength shifts of sulfur X-rays. Am.
Min., 73, 845-849.

Fialin, M., Wagner, C., Metrich, N., Humler, E., Galoisy, L. and Bezos, A. (2001) Fe3+/SFe vs.
Fe La peak energy for minerals and glasses: Recent advances with the electron microprobe,
Am. Min, 86, 456-465.

Hofer et al. (1994), The determination of the oxidation state of iron by the electron
microprobe.  Eur. J. Mineral., 6, 407-418.

Hofer et al. (2000) Comparison of two electron probe microanalytical tehniques to
determine ferric iron in synthetic wustite sample.  Eur. J. Mineral., 12, 63-71.
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Mathews, S.J., Moncrieff, D.H.S. and Carroll, M.R. (1991) Empirical calibration of the sulphur
valence oxyen barometer from natural and experimental glasses: method and applications.
Min. Mag., 63, 421-431.

O'nions, R.K. and Smith, D.G.W. (1971) Investigations of the I, II, III x-ray emission spectra
of Fe by electron microprobe, Part 2: The Fe I, II, III spectra of Fe and Fe-Ti oxides, Am.
Min., 56, 1452-1463.

Reaburn, S. P.  & Kerrick - 1993 "Iron Valence State Dtermination with the Electron Probe: a
Re-evaluation of the Lbeta1/Lalpha1,2 Intensity Ratio Method"

Smith, D.G.W. and O'nions, R.K. (1971) Investigations of the I, II, III x-ray emission spectra
of Fe by electron microprobe, Part 1: Some aspects of the Fe I, II, III spectra from metallic
iron and hematite, Brit. J. Appl. Physics, 4, 147-159.

Smith, D.G.W. and O'nions, R.K. (1972) Investigations of bonding in some oxide minerals by
oxygen K emission spectroscopy, Chem. Geol., 9, 29-43 and 145-146.

Timotijevic et al. 1996: Investigation of Fe Kb X-Ray Emission and Absorption Spectra of
Iron and its Oxides by EPMA.  Beitr. Elektronenmikroskop. Direktabb. u. Analyse v. Oberfl.,
29, 101-108.

Wallace, P.J. and Carmichael, I.S.E. (1994) S speciation in submarine basaltic glasses as
determined by measurements of S Ka X-ray wavelength shifts. Am. Min., 79, 161-167.

White, E.W. and Gibbs, G.V. (1967) Structural and chemical effects on the Si Kb X-ray line for
silicates, Am. Min., 52, 985-993.

White, E.W. and Gibbs, G.V. (1969) Structural and chemical effects on the Al Kb X-ray
emission band among aluminum containing silicates and aluminum oxides, Am. Min., 54,
931-936.

White, E.W. (1973) Applications of soft x-ray spectroscopy to chemical bonding studies with
the electron microprobe, in Microprobe Analysis (C.A. Anderson, ed), Wiley, 349-369.

"Light" Elements

Armstrong, J.T. (1988) Accurate quantitative analysis of oxygen and nitrogen with a W/Si
multilayer crystal, in D.E. Newbury, ed., Microbeam Analysis, p. 301-304

Bastin, G.F. and Heijligers, H.J.M (1991) Quantitative electron probe microanalysis of ultra-
light elements (boron - oxygen), in Electron Probe Quantitation, ed K.F.J. Heinrich and D.E.
Newbury, Plenum Press, NY, 145-161

Bastin, G.F. and Heijligers, H.J.M. (1992) Present and future of light element analysis with
electron beam instruments, Microbeam Analysis, 1, 61-73.

Bastin, G.F. and Heijligers, H.J.M. (1992) Quantitative epma of nitrogen: a tricky element in
the electron-probe microanalysis, in Proceeding of 50th Annual Meeting of Electron
Microscopy Society of America (Bailey, Bentley and Small, Eds), p 1622-23
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Fialin, M. and Remond, G. (1992) Problems with oxygen analysis in the system MgO-Al2O3-
SiO2 with the electron microprobe, in Proceeding of 50th Annual Meeting of Electron
Microscopy Society of America (Bailey, Bentley and Small, Eds), p 1624-25

Fialin, M. and Remond, G. (1993) Electron probe microanalysis of oxygen in strongly
insulating oxides, Microbeam Analysis, 2, 179-189.

Goldstein, J.J., Choi, S.K., van Loo, F.J.J., Heijliger, H.J.M., Dijkstra, J.M. and Bastin, G.F.
(1991) The influence of surface oxygen contamination of bulk empa of oxygen in ternary
titanium-oxygen-compounds, in D.G. Howitt, ed., Microbeam Analysis, 57-58.

McGee, J. J. and Anovitz, L. M. (1996) Electron probe microanalysis of geologic materials for
boron, in  E.S. Grew and L.M. Anovitz, ed., Reviews in Mineralogy Vol 33, Boron:
Mineralogy, Petrology and Geochemistry,  771-788

McGuire, A.V., Francis, C.A., and Dyar, M.D. (1992) Mineral standards for electron
microprobe analysis of oxygen, American Mineralogist, 77, 1087-1091.

Pouchou, J-L and Pichoir, F. (1988) Determination of mass absorption coefficients for soft
xrays by use of the electron microprobe, in DE Newbury, ed. Microbeam Analysis, p. 319-
324.

Raudsepp, M. (1995) Recent advances in the electron-probe micro-analysis of minerals for
the light elements. Canadian Mineralogist, 33, 203-218

Willich, P. (1992) EPMA of submicron coatings containing ultralight elements, in Proceeding
of 50th Annual Meeting of Electron Microscopy Society of America (Bailey, Bentley and
Small, Eds), p 1628-29  (H2 Jet)

(also see thin films)

Thin Films

Labar, J. (1995) Electron probe x-ray analysis of stratified bulk samples. Archives of
Metallurgy, 40, No. 1

Marinenko, R.B. (1994) A Comparision of Electron Microprobe Data-Reduction Procedures
for Thin Film Quantitative Analysis. ICEM 13-Paris, p. 705-706.

Pouchou, J.L. (1993) X-ray microanalysis of stratified specimens. Analytica Chimica Acta,
283, 81-97.

Pouchou, J.L. (1996) Use of soft x-rays in microanalysis. Mikrochimica Acta, Suppl. 13.

Pouchou, J.L. and Pichoir, F. (1993) Electron probe x-ray microanalysis applied to thin
surface films and stratified specimens. Scanning Micrsoscopy, Suppl 7, 167-189.

Pouchou, J.L. and Thiot, J.F. (1996) Procedures for x-ray microanalysis of layered structures:
Accuracy and limits, in in Proceeding of 54th Annual Meeting of  Microscopy Society of
America (Bailey et al, Eds), 486-487.

Rickerby, D.G. (1994) X-ray microanalysis of thin film layered specimens containing light
elements, Mikrochimica Acta, 114/115, 421-429.
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Zeimer, U., Bugge, F. and Gramlich S. (1993) Measurement of Composition and Thickness of
Thin Semiconductor Layers by EPMA. VIII Conference on Microscopy of Semiconductor
Materials, Oxford.

Waldo, R.A. (1988) An iteration procedure to calculate film compositions and thicknesses in
electron-probe microanalysis. Microbeam Analysis (23rd conference), 310-314.

(also see Light elements)
Trace Elements

Dalton, John A. and Lane, Stephen A. (1996) Electron microprobe analysis of Ca in olivine
close to grain boundaries: the problem of secondary X-ray fluorescence. American
Mineralogist, 81, 194-201.

Fleet, Michael E. and Mumin, A. Hamid. (1997) Gold-bearing arsenian pyrite and marcasite
and aresenopyrite from Carlin Trend gold deposits and laboratory synthesis. American
Mineralogist, 82, 182-193.

Ramsden, Anthony R. and French, David H. (1990) Routine trace-element capabilities of
electron microprobe analysis in mineralogical investigations: an empirical evaluation of
performance using spectrochemical standard glasses. Canadian Mineralogist, 28, 171-180.

Peak Overlaps/Interferences

Amli, R. and Griffin, W.L. (1975) Microprobe Analysis of REE Minerals using empirical
correction factors, American Mineralogist, 60, 599-606.

Donovan, J.J., Snyder, D.A., and River, M.L.  (1993) An improved interference correction for
trace element analysis. Microbeam Analysis, 2, 23-28.

Exley, R.A. (1980) Microprobe studies of REE-rich accessory minerals: implications for Skye
granite petrogenesis and REE mobility in hydrothermal systems, EPSL, 48, 97-110.

McKay, Gordon (1989) Analysis of Rare Earth elemets by electron microprobe, Microbeam
Analysis 1989,  549-553.

Roeder, P. (1985) Electron-microprobe analysis of minerals for rare-earth elements: use of
calculated peak-overlap corrections, Canadian Mineralogist, 23, 263-271.

Snetsinger, K.G., Bunch, T.E., and Keil, K. (1968) Electron microprobe analysis of vanadium
in the presence of titanium. Am. Min., 53, 1770-1773

Other Difficult Conditions: non-conductivity, contamination, porosity

Bastin, G.F. and Heijligers, H.J.M. (1991) Nonconductive specimens in the electron probe
microanalyzer - a hitherto poorly discussed problem, in  Electron Probe Quantitation, ed
K.F.J. Heinrich and D.E. Newbury, Plenum Press, NY, p 163-175

Conru, H.W. and P.C. Laberge (1975) Oil contamination with the SEM operated in the spot
scanning mode. J. of Physics E: Scientific Instruments, 8, 136-138.
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Isabell, T.C., P.E. Fischione, C. O'Keefe, M.U. Guruz and V.P. Dravid. (1999) Plasma cleaning
and its applications for electron microscopy. Microscopy and Microanalysis, 5, 126-135.

Knizek, K. and Jurek, K. (1994) Correction procedure for the electron microprobe analysis
of porous materials. Mikrochimica Acta, 117, 87-93.

Lakis, R.E., C. E. Lyman and J. I. Goldstein (1992) Electron-probe microanalysis of porous
materials. Proceedings 50th Ann. Mtg of EMSA, 1660-1661.

Lakis, R. E., R.P. Vicenzi and F.M. Allen (1996) Electron-probe microanalysis of alumina-
supported platinum catalysts. Microscopy and Microanalysis 1996, 512-513.

Sample Preparation and Coating

Armstrong, J.T. (1993) Effects of carbon coat thickness and contamination on quantitative
analysis: a new look at an old problem, in Proceedings of the 27th Annual MAS Meeting,
S13-14.

Broster, B.E. and Hornibrook, E.R.C. (1994) Tin-lead contamination in polished epoxy grain
mounts of heavy minerals. Sedimentary Geology, 88, 185-191.

Echlin, P. (1978) Coating techniques for scanning electron microscopy and x-ray
microanalysis, SEM 1978 Vol 1, 109-132.

Kerrick, D. M., Eminhizer, L.B. and Villaume, J.F. (1973) The role of carbon film thickness in
electron microprobe analysis, Am. Min., 58, 920-925.

(also see Sweatman, below)

Also see articles from 2001 NIST-MAS conference, in NIST’s Journal of Research, vol. 107,
no. 6  on the web at http://nvl.nist.gov/pub/nistpubs/jres/107/6/cnt107-6.htm

Geological: Minerals

In the mid-late 60's EPMA began to be used in the earth sciences. A couple of groups
of articles were published: one by J.V. Smith and others, mainly in the J. of Geology; Klaus
Keil (now at Univ. of Hawaii) also published an article which reappeared in a variety of
publications:

Howie, R.A. and Smith, J.V. (1966) X-ray emission microanalysis of rock-forming minerals
V.  Orthopyroxenes, J. Geol., 74, 443-462.

Knowles, C.R., Smith, J.V. , Bence, A.E. and Albee, A.L. (1968) X-ray emission microanalysis
of rock-forming minerals VII. Garnets, J. Geol., 77, 439-451.

Keil, K. (1967) The electron microprobe x-ray analyzer and its application in mineralogy.
Fortschr. Miner., 44, 4-66.

Keil, K. (1973) Applications of the electron microprobe in geology, in Microprobe Analysis
(C.A. Anderson, ed), Wiley, 189-239.

McGee, J.J. and Keil, K. (2001) Application of electron probe microanalysis to the study of
geological and planetary materials. Microscopy and Microanalysis, 7, 200-210.
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Ribbe, P.H. and Smith, J.V. (1966) X-ray emission microanalysis of rock-forming minerals
IV. Plagioclase feldspars, J. Geol., 74, 217-233.

Rucklidge, J.C., Gasparrini, E., Smith, J.V. and Knowles, C.R. (1971) X-ray emission
microanalysis of rock-forming minerals VIII. Amphiboles, Can. J. Earth Sci., 8, 1171-1183

Short, J.M. and C.A. Anderson (1965) Electron microprobe analyses of the Widmanstatten
structures of nine iron meteorites, J. Geophysical Research, 70, 3745-3759.

Smith, J.V. (1965) X-ray emission microanalysis of rock-forming minerals I. Experimental
techniques, J. Geol., 73, 830-864.

Smith, J.V. (1966) X-ray emission microanalysis of rock-forming minerals VI.
Clinopyroxenes near the diopside-hedenbergite join, J. Geol., 74, 463-477.

Smith, J.V. (1966) X-ray emission microanalysis of rock-forming minerals II. Olivines, J.
Geol., 74, 1-16.

Smith, J.V. and Ribbe, P. H. (1966) X-ray emission microanalysis of rock-forming minerals
III. Alkali feldspars, J. Geol., 74, 197-216.

Stumpfl, E.F. and A.M. Clark (1965) Hollingworthite, a new rhodium mineral, identified by
electron probe microanalysis, American Mineralogist, 50, 1068-1074.

Sweatman, T.R. and Long, J.V.P. (1969) Quantitative electron-probe microanalysis of rock-
forming minerals, Journal of Petrology, 10, 332-379, (note: correction to one equatiom
appeared later)

Geochronology by EPMA (monazites, zircons)

Abstracts of GSA Northeastern Meeting (March 2002), “New Frontiers in Geologic
Microanalysis” session

Abstracts of Annual GSA meeting (October 2002), “Microprobe Monazite Geochronology”
session

Braun, I., J-M Montel, and C. Nicollet (1998) Electron microprobe dating of monazites from
high-grade gneisses and pegmatites of the Kerala Khondalite Belt, southern India, Chemical
Geology, 146, 65-85.

Crowley, J.L. and E.D. Ghent (1999) An electron microprobe study of the U-Th-Pb
systematics of metamorphosed monazite: the role of Pb diffusion versus overgrowth and
recrystallization, Chemical Geology, 157, 285-302.

Cocherie, A., Legendre, O., Peucat, J.J., and Kouamelan, A. (1998) Geochronology of
polygenic monazites constrained by in situ electron microprobe Th-U-Total Pb
determination: implication for Pb behaviour in monazite. Geochimica et Cosmochimica
Acta,  62, 2475-2497.

Geisler, T., H. Schleicher (2000) Improved U-Th-total Pb dating of zircons by electron
microprobe using a simple new background modeling procedure and Ca as a chemical
criterion of fluid-induced U-Th-Pb discordance in zircon, Chemical Geology, 163, 269-285.
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Montel, J.M.,  S Foret, M. Veschambre, C. Nicollet & A. Provost (1996) Electron Microprobe
dating of Monazite, Chemical Geology, 131, 37-53.

Williams, M.L., M.J. Jercinovic, M.P. Terry (1999) Age mapping and dating of monazite on
the electron microprobe: Deconvoluting multistage tectonic histories, Geology, 27, 1023-
1026/

Other articles on geologic applications

Bustin, R. Marc, M. Mastalerz, K. Wilks. (1993) Direct determination of carbon, oxygen and
nitrogen content in coal using the electron microprobe, Fuel, 72, 181-185.

Droop, G.T.R. (1987) A general equation for estimating Fe3+ in ferromagnesian silicates and
oxides from microprobe analyses, using stoichiometric criteria, Mineralogical Magazine, 51,
431-435.

Lane, Stephen J. and Dalton, John A. (1994) Electron microprobe analysis of geological
carbonates. American Mineralogist, 79, 745-749.

Leake, B.  E. and 21 others (1997) Nomenclature of amphiboles: Report of the Subcommittee
on Amphiboles..., American Mineralogist, 82, 1019-1037. (Appendix 2: Estimation of ferric
iron in EPMA of amphiboles).

Mankinen, E.A. and Dalrymple, G.B. (1972) Electron microprobe evaluaton of terrestrial
basalts for whole-rock K-Ar dating, Earth and Planetary Science Letters, 17, p. 89-94.

Mastalerz, M. and R. Marc Bustin (1993) Variation in elemental composition of macerals; an
example of the application of electron microprobe to coal studies, International Journal of
Coal Geology, 22, 83-89.

Papike, J.J., J.M. Karner and C.K. Shearer (2003) Determination of planetary basalt parentage:
A simple technique using the electron microprobe, American Mineralogist, 88, 469-472.

Piccoli P. and Candela, P. (1994) Apatite in felsic rocks: a model for the estimation of initial
halogen concentrations in the Bishop Tuff and Tuolumne instrusive suite magmas, Am J. of
Science, 294, 92-135. Appendix has a good discussion of Cl and F analysis and problems
related to that.

Rao, J-L and Berner, R.A. (1995) Development of an electron microprobe method for the
determination of phosphorus and associated elements in sediments, Chemical Geology, 125,
169-183.

Tischendorf, G., Gottesmann, B., Forster, H.-J., and Trumbull R.B. (1997) On Li-bearing
micas: estimating Li from electron microprobe analyses and an improved diagram for
graphical representation. Mineralogical Magazine, 61, 809-834.

Whalley, W. B., Editor (1978) Scanning electron microscopy in the study of sediments. Geo
Abstracts, Norwich, England, 414 pp. (30 papers from a Symposium of the same title). In the
G&G library, QE 471.2 S25

Hydrous/"Fragile" Minerals (see glass also)
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Autefage,  Francis (1980) Etude de la migration du sodium et du potassium dans les
mineraux au cours de leur analyse a la microsonde electronique.  Ph.D. thesis , University
Paul Sabatier of Toulouse (France)

Autefage, Francis and Couderc, Jean-Jacques (1980) Etude du mecanisme de la migration du
sodium et du potassium au cours de leur analyse a la microsond electronique. Bull. Mineral.
103, 623-629.

Autefage, Francis (1980) Variations de la teneur en sodium et en potassium dans des
mineraux au cours de leur analyse a la microsonde electronique. Bull. Mineral. 103, 48-53.

Autefage, Francis and Fontan, Francois (1985) Comportement de mineraux hydrates au
cours de leur analyse a la microsonde electronique. Bull. Mineral. 108, 293-304.

Lineweaver, J.L. (1963) Oxygen outgassing caused by electron bombardment of glass. J.
Appl. Phys., 34, 1786-1791.

Stormer, John C. Jr., Pierson, Milton L. and Tacker, Robert C. (1993) Variation of F and Cl X-
ray intensity due to anisotropic diffusion in apatite during electron microprobe analysis,
Am. Min, 78, 641-648

Stormer, John C. Jr., and Pierson, Milton L. (1995) Variation of F and Cl X-ray intensity and
electron microprobe analysis of apatite: An addendum, Unpublished manuscript (3 pages)

Glass Analysis

Devine, J.D., Gardner, J.E., Brack, H.P., Layne, G.D., and Rutherford, M.J. (1995)
Comparison of microanalytical methods for estimating H2O contents of silicic volcanic
glasses, American Mineralogist, 80, 319-328.

Hanson, B., Delano, J.W. and Lindstrom, D.J. (1996) High-precision analysis of hydrous
rhyolitic glass inclusions in quartz phenocrysts using the electron microprobe and INAA,
American Mineralogist, 81, 1249-1262.

Miotello and Mazzoldi. (1982) Numerical analysis of field assisted sodium migration in
electron irradiated glasses, J. Phys. C: Solid State Physics, 15, 5615-5621.

Morgan, G.B. and London, D. (1996) Optimizing the electron microprobe of hydrous alkali
aluminosilicate glasses, American Mineralogist, 81, 1176-1185.

Nielsen, C.H. and Sigurdsson, H. (1981)  Quantitative methods for electron microprobe
analysis of sodium in natural and synthetic glasses, Am. Min., 66, 547-552.

Spray, J. G. and Rae, D. A. (1995) Quantitative electron-microprobe analysis of alkali silicate
glasses: a review and user guide. Canadian Min., 33, 323-332.

Stella, A. and Verita, M. (1994) EPMA analysis of float glass surfaces, Mikrochim. Acta,
114/115, 475-280.

Vassamillet, L.F. and Caldwell, V.E. (1969) Electron-probe microanalysis of alkali metals in
glasses",  J. Applied Physics, 40, 1637-1643.
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Walker and Howitt (1989) Field induced migration of sodium in soda-silicate glasses during
scanning electron microscopy, Scanning, 11, 5-11.

Yang, B., Townsend, P.D. and Holgate, S.A. (1994) Cathodoluminescence and depth profiles
of tin in float glass, J. of Mat. Sci, __, 1757-1762.

Material Science applications

Bayard, M. (1973) Applications of the electron microprobe to the analysis of free
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refractories: application of the electron probe, II, J. of American Ceramic Society, 49, 609-
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technology, in Microprobe Analysis (C.A. Anderson, ed), Wiley, 241-270
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Course on Microbeam Techniques, p. 179-181.
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no. 6  on the web at http://nvl.nist.gov/pub/nistpubs/jres/107/6/cnt107-6.htm

See http://geoanalyst.org/RM-results.html for an online listing of reference materials, most
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Diffusion Couples etc
(Effect of interaction volume size plus secondary fluoresence)

Anderson, I.M., Carter, C.B. and Bentley, J. (1995) The secondary characteristic fluorescence
correction in the EPMA, Microbeam Analysis (MAS Proceedings), p. 213-214.
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Waldo, R.A. (1991) A characteristic x-ray fluorescence correction for thin-film analysis by
electron microprobe. Microbeam Analysis, 45-53.

Cathodoluminescence

Abstracts of International Conference on Cathodoluminescence and Related Techniques in
Geosciences and Geomaterials (proceedings from Sept 1996 Conference, in Nancy France,
175 pp. (available from Maurice Pagel in Nancy)
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Entire issue of Scanning Microscopy Supplement 9, 1995: Luminescence (Proceedings of the
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Luminescence Phenomena in Minerals, pages 147-226.
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Mineralogist, 86, 473-484.
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Long, J.V.P. and Agrell, S.O. (1965) The cathodoluminescence of minerals in thin section,
Min. Mag., 34 (Tilley Vol), 318-326.
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Ramseyer, K., Fischer, J., Matter, A., Eberhardt, P. and Geiss, J.  (1989) A
cathodoluminescence microscope for low intensity luminescence. Journal of Sedimentary
Petrology, 59, 619-622.

Ramseyer, K., Baumann, J.,  Matter, A., and Mullis, J. (1988) Cathodoluminescence colours of
a-quartz. Mineralogical Magazine, 52, 669-677.

Remond, G., Cesbron, F., Chapoulie, R., Ohnenstetter, D., Roques-Carmes, C. and
Schvoerer, M. (1992) Cathodoluminescence applied to the microcaracterization of mineral
materials: a present status in experimentation and interpretation. Scanning Microscopy  6,
23-68.

Roeder, P. L., MacArthur, D., Ma, X-P, Palmer, G.R. and Mariano, A. (1987)
Cathodoluminescence and microprobe study of rare-earth elements in apatite. Am. Min., 72,
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Smith, J.V. and Stenstrom, R.C. (1965) Electron-excited luminescence as a petrologic tool, J.
Geol., 73, 627-635.

Steele, I.M. (1991) Digitized cathodoluminescence imaging of minerals, Scanning
Microscopy, 5, 611-618.

Whalley -- see above under Geology

Yang, B., Townsend, P.D. and Holgate, S.A. (1994) Cathodoluminescence and depth profiles
of tin in float glass, J. of Mat. Sci, __, 1757-1762/

Other electron-imaging items of interest

Mahaney, W.C.(2002) Atlas of Sand Grain Surface Textures and Applications. Oxford. 237
pp.

Pryer, L. L. and Robin, P-Y. F. (1995) An SEM electron-channeling study of flame perthite
from the Killarney Granite, southwestern Grenville Front, Ontario (Can. Min.) 33, 333-347.

Whalley -- see above under Geology

Forensics, Archeology, Art

Ogilvie, R.E. (2001) A few examples of electron microanalysis of art objects at the Boston
Museum of Fine Arts. Microscopy and Microanalysis, 7, 193-199.

Periodicals of Possible Interest:

• Scanning Electron Microscopy (SEM) (Engineering Library)
• Mikrochimica Acta (Chemistry Library)
• Microscopy and Microanalysis (Joint publication of many societies)
• Microbeam Analysis (Journal of the Microbeam Analysis Society, 1992-95; see J.F. )
•   Yearly abstracts from MAS meetings, published as Microbeam Analysis; although in
years where MAS meets together with Microscopy Society of America, the probe abstracts
are merged in the meeting volume of Microscopy and Microanalysis.

Note: student membership in MAS is a bargain, $2.50/year)

Please supply me with relevant EMPA references which you may find in the course of your
research.

Tips for searching for articles:
1) Try all variations: epma, empa, electron microprobe, electron probe, electron

microanalysis
2) Much of the more technical literature is indexed in Chem Abstracts and Physics

Abstracts. But also some cross-over/applied material here, as some of the more probe-
oriented abstract volumes are not indexed by Mat Sci and Geology databases.

3) The more traditional, applied, bibliographic databases (e.g. Georef).



September 2, 2003 15
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Madison WI 53706  (608) 262-7964  johnf@geology.wisc.edu
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