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     1 .THE ANUEMU AND ITS OBJECTIVES

“The purpose of the ANU Electron Microscopy Unit is to provide access to modern equipment, training and consultation in electron microscopy and some other forms of microscopy, imaging and analysis to the University community and to external users where appropriate. The Unit is encouraged to provide leadership in the development and implementation of new EM equipment and methodology. It is an objective of the University to maintain the standard of the facility at a level commensurate with the University's heavy commitment to research and to the major research and teaching objectives within the programs of the National Institutes.” (adapted from the Unit’s establishment paper 2498/1988)

The unit is a central facility housed mainly in the Research School of Biological Sciences. It

provides access to light and electron microscopy and related techniques to staff and students from all areas of the ANU. There are eight transmission (TEM) and scanning (SEM)  electron microscopes, a dual beam Focused Ion Beam/SEM,  confocal, deconvolution and other light microscopes, a small scanning tunneling microscope and a range of ancillary equipment for specimen preparation, analysis and image processing.  Two EMs are housed in the Research School of Earth Sciences. A full description of the operation of the facility can be found in a handout for users available from the unit, and through the web page http://www.anu.edu.au/EMU/index.htm
       2. OVERVIEW OF THE YEAR

2003 saw several major improvements in the facilities. A “dual beam” SEM and Focused Ion Beam funded by the ARC and the ANU in 2001 was installed late in the year.  RSPhysSE researchers soon began work on improvements to its pattern generation capabilities, which were largely completed in mid 2004. Advanced fluorescence light microscopy within the ANUEMU  received a massive boost,  the Unit taking over management of a UV-laser scanning confocal microscope, acquiring a state-of-the-art widefield deconvolution epi-fluorescence microscope, and a light microscopist, Daryl Webb, shared with JCSMR. Together these developments mean that the ANUEMU remains close to the frontline in the overall facilities it provides.  Following the strategy of sharing resources across campus, a small SEM used almost exclusively for screening zircons by cathodoluminescence for geochronological work was re-located to RSES under ANUEMU management.

A memorable part of the year was the visit of three Iranian endodontists on sabbatical, who introduced a more practical, clinically oriented approach than is commonly seen in the Unit. Their visit resulted in contacts between the EMU and local endodontists, and a number of papers have been published in 2004. 

The steady increase in instruments needing their usage organized and tracked persuaded us, rather reluctantly, to abandon paper records for a web-based booking system and database. In fact the new software system was developed and introduced with less trauma than expected, has had a very positive response from the users, and should simplify administration from 2004 on. 

Financially the ANUEMU runs extremely efficiently and is -just- managing to maintain a policy of  “ minimum cost, maximum access” for students and researchers across the university. Despite this policy of grace under financial pressure, there is now a pressing need for reassessment of its funding arrangements, in the light of changes in the demands on the Unit and in patterns of resource flow within the ANU over the last decade.  

    3. RESEARCH AND TEACHING ACHIEVEMENTS.

A. INSTRUMENT USE

The level of use of the ANUEMU facilities maintained the broad pattern of the last few years, although overall EM usage decreased about three percent to 6973 hours. SEM use declined approximately 20% to 5135 hours,  light microscopy  increased about 12% to 1738 hours,  and TEM use almost doubled, to 1838 hours. 
Distribution of use by School and Department is given in the appendices.
B. NEW EQUIPMENT 

Installed:

FIB/SEM.  Support infrastructure for nanotechnology will be boosted by a dual beam Focused Ion Beam/SEM, funded in 2001, and commissioned in 2002 from JEOL Australia. The configuration is an Orsay Physics Camion gallium ion gun on a JEOL 6460 SEM, with 3-gas injectors allowing deposition of a conductor or an insulator or accelerated etching. It was initially assumed that the priorities for accessories for this machine would be X-ray analysis and a cold stage,  but in practice there has been more immediate demand for lithography applications. 

Zeiss Apotome  epi-fluorescence microscope, a newly developed system for quasi-real-time deconvolution using widefield epi-fluorescence microscopy. The Apotome, the first in Australia and one of the first in the world,  was bought with partial funding from the NIB  and the Ramaciotti  Foundation.  It includes off-line software for conventional deconvolution and 3D reconstruction. 

Confocal microscopy.  The ANUEMU took over the management of an inverted Leica laser scanning confocal microscope and spectrometer. 

Other light microscopy items: A number of smaller light microscopy items were bought by or transferred to the unit, including a Leitz polarising microscope,  Nikon Optiphot epi-fluorescence microscope and a Nikon inverted microscope.  Image Pro software including deconvolution and 3D reconstruction modules was purchased, as well as the more object-based AnalySIS 3D reconstruction extension.  

Ordered: A new model motorized Leica upright microscope which will shared the confocal lasers and scanning system with the existing inverted microscope, together with additional high resolution and long working distance objectives.  This arrangement should be a cost-effective means of making the confocal system more versatile.

C. TEACHING

Most teaching is performed on a one-to-one basis, but the ANUEMU is also involved in a number of courses and undergraduate laboratories.
In July and August ANUEMU staff again ran the annual Microscopy, Imaging and Microanalysis Workshops a series of one or two-day sessions of lectures and practical work aimed at graduate students, but open to all.   Sessions in “MIA 2003”  were:

1. Understanding and Manipulating Images

2. Introduction to Scanning Electron Microscopy

3. Introduction to Transmission Electron Microscopy 

(Sally Stowe)

4,. Introduction to X-ray Analysis (Frank Brink, with Nick Ware (RSES).
Roger Heady lectured in Basic SEM and EDXA in the University of Canberra Conservation and Materials Course, lectured on the Structure and Taxonomy of Timbers in the  School of Art, and tutored on Wood Anatomy and Wood identification in  Forestry 3016. 

Cheng Huang  was involved with  Prof. Margaret McCully’s  CSIRO PI /GRDC workshop in Root/soil biology in Agriculture –  Towards a New Conceptual Framework IV.
A specialist in light microscopy support, Daryl Webb, is now employed by the ANUEMU, as a shared  appointment with JCSMR.
D. ANU SHARED EQUIPMENT WEBSITE

In conjunction with the Biomolecular Resources Unit at JCSMR, ANUEMU  developed a website to help students and staff track down equipment that is available for shared use, whether in departments or common facilities. While still in development , the site (http://www.anu.edu.au/equip/)   is visited regularly.  Suggestions and additions are welcome

E STAFF PUBLICATIONS:

Five publications were produced by EMU staff in 2003 (For Australian Government reporting purposes, these are listed in other,  official School and Departmental reports):

Brink FJ, Norén L Goosens DJ, Withers RL, Lui Y, Xu CN. A combined diffraction (XRD, electron and neutron) and electrical study of Na3MoO3F3. J Solid State Chem 174: 450-548

Brink FJ, Norén L, Withers RL. Synthesis, electron diffraction, XRD and DSC study of the elpasolite-related oxyfluoride, Tl3MoO3F3  J Solid State Chem 174:44 -51

Ghoddusi J.  Ultrastructural Changes in Feline Dental Pulp with Periodontal Disease.  Microsc Res Tech 61:423-7. 

Ryan MH, McCully ME, Huang CX Location and quantification of phosphorus and other elements in fully hydrated, soil-grown arbuscular mycorrhizas: a cryo-analytical scanning electron microscopy study. New Phytologist 160:429-441

Withers RL, Welberry  TR, Brink FJ;  Noren L Oxygen/fluorine ordering, structured diffuse scattering and the local crystal chemistry of K3MoO3F3. 

J Solid State Chem 170: 211-220. 

In press: 

Stowe S, Parirokh M, Asgary S,  Eghbal MJ (2004) The benefits of using low accelerating voltage to assess endodontic instruments by scanning electron microscopy. Australian 

Endodontic Journal

4. UNIT  PUBLICATIONS.

PUBLICATIONS using the ANUEMU facilities, 1990-2003

(Not including abstracts, theses or papers in press. NB For statistical and reporting purposes items are not in

addition to those listed in Departmental and School reports)]

	YEAR
	RSBS
	OTHER
	TOTAL

	av. 1990 - 1993
	9.75
	19.25
	28.5

	av. 1994 - 1997
	10
	50.5
	60.5

	av. 1998 - 2000
	10
	61
	71

	2001
	15
	69
	84

	2002 
	10
	90
	100

	2003 (collected to date)
	8
	71
	79


2001 not previously listed

Morishita T, Arai S, Gervilla F (2001)  High-pressure aluminous mafic rocks from the Ronda periotite massif, southern Spain: significance of sapphirine- and corundum-bearing mineral assemblages

2002 not previously listed

1. Barnes, M.A., Anthony, E.Y., Williams, I.S. & Asquith, G.B.(2002) Architecture of a 1.38-1.34 Ga granite-rhyolite complex as revealed by geochronology and isotopic and elemental geochemistry of subsurface samples from West Texas, USA. In: Rämö, O.T., Van Schmus, W.R., Bettencourt, J.S. (eds) Granite Systems and Proterozoic Lithospheric Processes. Precambrian Research, 119(1-4), 9-43.–
2. Goodge, J.W. and Fanning, C.M. (2002) Precambrian crustal history of the Nimrod Group, centra l Transantarctic Mountains. In Gamble, J.A., Skinner, D.N.B. & Henrys, S., (Eds). Antarctica at the close of the millenium. Royal Society of New Zealand Bulletin 35, 43-50.

3. Jones PJ (2002) late permian (Kazanian) ostracods and associated palynomorphs from the Petrel Sub-basin, northwestern Australia.. Mem. Assoc. Aust. Pal. 27:33-51

4. Keankeo W, Hermann J (2002) .  The oscillatory intergrowth of feldspars in Ti‑andradites. Eur. J. Mineral.14:379-388.

5. Key, R.M., Liyungu, A.K., Njamu, F.M., Somwe, V., Banda, J., Mosley, P.N. and Armstrong, R.A. (2001) The western arm of the Lufilian Arc in NW Zambia and its potential for copper mineralization. Journal of African Earth Sciences 33, 503-528.

6. Königer, S. Lorenz, V. Stollhofen, H. and Armstrong, R.A.  (2002) Origin, age and stratigraphic significance of distal fallout ash tuffs from the Carboniferous-Permian continental Saar-Nahe Basin (SW Germany).  International Journal of  Earth Sciences (Geol Rundsch) 91, 341-356.

7. O'Neill HSC, Mavrogenes JA (2002)  The sulfide capacity and the sulfur content at sulfide saturation of silicate melts at 1400°C and 1 bar. J Petrology 43:1049-1087 

2003

. 

1. Augé, T., Cocherie, A., Genna, A., Armstrong, R., Guerrot, C. Mukherjee, M.M. and Patra, R.N. (2003).  Age of the Baula PGE mineralization (Orissa, India) and its implications concerning the Singhbhum Archaean nucleus. Precambrian Research, 121, 85-101.
2. Black LP, Kamo SL, Williams IS. Mundil R, Davis DW, Korsch RJ, Foudoulis C (2003) The application of SHRIMP to Phanerozoic geochronology; a critical appraisal of four zircon standards. Chemical Geology, 200: 171-188

3. Blest AD, Vink C (2003) New Zealand Spiders: Linyphidae, Mynogleninae, Linyphiinae. Records of the Canterbury Museum 17 (supp.) 1-32

4. Borg, G., Kärner, Buxton, M., Armstrong, R. and van der Merwe, S.W. (2003).  Geology of the Skorpion Supergene Zinc Deposit, Southern Namibia.  Economic Geology, 98, 749-771.
5. Brink FJ, Norén L Goosens DJ, Withers RL, Lui Y, Xu CN(2003). A combined diffraction (XRD, electron and neutron) and electrical study of Na3MoO3F3. J Solid State Chem 174: 450-548
6. Brink FJ, Norén L, Withers RL(2003). Synthesis, electron diffraction, XRD and DSC study of the elpasolite-related oxyfluoride, Tl3MoO3F3  J Solid State Chem 174:44 -51
7. Buick IS, Williams IS, Gibson RL, Cartwright I, Miller J, (2003) Carbon and U-Pb evidence for a Palaeoproterozoic crustal component in the Central zone of the Limpopo Belt, South Africa. Journal of the Geological Society, London, 160(4), 601-612 

8. Castelli D,  Rubatto D (2003) Stability of Al‑ and F‑rich titanite in metacarbonate: petrologic and isotopic constraints from a polymetamorphic eclogitic marble of the internal Sesia Zone (Western Alps). Contrib. Mineral. Petrol.,142:627-639

9. Cesare B, Marchesi C, Hermann J, Gomez‑Pugnaire MT (2003): Primary melt inclusions in andalusite from anatectic graphitic metapelites: Implications for the Al2SiO5 triple point. Geology 31, 573‑576.

10. Cesare B, Gomez-Pugnaire MT, Rubatto D (2003) Residence time of  S-type anatectic magmas beneath the Neogene Volcanic Province of SE Spain: a zircon and monazite SHRIMP study. Contrib Mineral Petrol 146: 28-43

11. Chan A, Rode A, Gamaly E, Luther‑Davies B, Taylor B, Dawes J, Lowe M, Hannaford P (2003). Ablation of dental enamel using subpicosecond pulsed lasers, in: Lasers in Dentistry: Revolution of  Dental Treatment in the New Millennium. Eds I Ishikawa, J. W. Frame,  Aoki, ICS 1248, ISBN 0‑444‑51163‑6, Elsevier, 
12. Chen, Y., Conway, M. Fitz Gerald, J.D.,  2003.  Carbon nanotubes formed in graphite after mechanical grinding and thermal annealing.  Applied Physics A.  76, 633-636.
13. Choat B, Ball M, Luly J, Holtum J (2003) Pit membrane porosiy and water stress‑induced cavitation in four co‑existing dry rainforest tree species. Plant Physiol 131:  41‑48

14. Collings DA, Harper  JDI,  Vaughn KC  (2003) The association of peroxisomes with the developing cell plate in dividing onion root cells depends on actin microfilaments and myosin. Planta 218: 204‑216.
15. Da Silva, L.C., Armstrong, R.A., Delgado, I.M., Pimentel, M., Arcanjo, J.B., De Melo, R.C., Teixeira, L.R., Jost, H., Filho, J.M.C. and Pereira, L.H.M. (2002).  Reavaliação da evolução geológica em terrenos Pré-Cambrianos Brasileiros com base em novos dados U-Pb SHRIMP, Parte I: limite Centro-Oriental do Craton São Francisco na Bahia.  Revista Brasileira de Geociencias, 32(4), 501-512

16. Da Silva, L.C., Armstrong, R.A., Noce, C.M., Carneiro, M.A., Pimentel, M., Pedrosa-Soares, A.C., Leite, C.A., Vieira, V.S., Da Silva, M.A., De Castro Paes, V.J., and Filho, J.M.C. (2002).  Reavaliação da evolução geológica em terrenos Pré-Cambrianos Brasileiros com base em novos dados U-Pb SHRIMP, Parte II: Orógeno Araçuai, Cinturão Mineiro e Cráton São Francisco Meridional.  Revista Brasileira de Geociencias, 32(4), 513-528

17. Da Silva, L.C., Armstrong, R.A., Pimentel, M., Scandolara, J., Ramgrab, G., Wildner, W., Angelim, L.A.D.A., Vasconcelos, A.M., Rizzoto, G., Quadros, M.L.D.E.S., Sander, A. and De Rosa, A.L.Z. (2002).  Reavaliação da evolução geológica em terrenos Pré-Cambrianos Brasileiros com base em novos dados U-Pb SHRIMP, Parte III: Provincias Borborema, Mantiqueira Meridional E Rio Negro-Juruena. Revista Brasileira de Geociencias, 32(4), 529-544.

18. Eggins S, De Deckker P, &. Marshall J (2003) Mg/Ca variation in planktonic foraminifera tests: implications for reconstructing palaeo‑seawater temperature and habitat migration. Earth Planetary Science Letters 212, 291‑306. 
19.  Eglington, B.M. and Armstrong, R.A.  (2003).  Geochronological and isotopic constraints on the Mesoproterozoic Namaqua-Natal Belt: evidence from deep borehole intersections in South Africa. Precambrian Research, 125, 179-189.

20.  Eglington, B.M., Thomas, R.J., Armstrong, R.A. and Walraven, F.  (2003).  Zircon geochronology of the Oribi Gorge Suite, KwaZulu-Natal, South Africa: constraints on the timing of trans-current shearing in the Namaqua-Natal belt. Precambrian Research, 123, 29-46.
21. Enjalbert R. Galy J, Castro A, Lidin S, Withers R,  van Tendeloo G(2003) Order and twinning in Sb2W0.75Mo0.25O6. Solid State Sciences 5, 721‑724.
22. Fitz Gerald, J.D., Chen, Y. and Conway, M.J.  (2003)  Nanotube growth during annealling of mechanically milled Boron.  Appl. Phys. A., 76, 107-110. 

23. Gan K.S., Wong S.C., Yong J.W.H. & Farquhar G.D. (2003) Evaluation of models of leaf water 18O enrichment using measurements of spatial patterns of vein xylem, leaf water and dry matter in maize leaves. Plant, Cell & Environment. 26:1479-1495 
24. Garcia‑Ruiz JM,  Hyde ST,  Carnerup AM,  Christy A G,  Van Kranendonk M J, Welham N J(2003) Self‑assembled silica‑carbonate structures and detection of ancient microfossils. Science 302, 1194‑1197

25. Gardiner J, Collings DA, Harper JDI & Marc J (2003) The effects of the phospholipase D-antagonist 1-butanol on seedling development and microtubule organisation in Arabidopsis. Plant Cell Physiol., 44: 687‑696

26. Ghoddusi J (2003).  Ultrastructural Changes in Feline Dental Pulp with Periodontal Disease.  Microsc Res Tech 61:423-7. 

27. Golberg D,  Rode AV, Bando Y, Mitome M,. Gamaly E, Luther‑Davies B (2003) Boron Nitride Nanostructures formed by the high‑repetition‑rate laser ablation, Diamond and Related Materials 12: 1269‑1274 

28. Himmelspach R,Williamson RE, Wasteneys Go (2003) Cellulose microfibril alignment recovers from DCB-induced disruption despite microtubule disorganisation. The Plant J, 36:565-575

29.  Hoche T,  Esmaeilzadeh S,  Withers RL, Schirmer H(2003) Structural studies on the fresnoite‑structure compound Ba2VSi2O8. Z. f Kristallographie 218: 788‑794.

30. Hermann J, Rubatto D (2003) Relating zircon and monazite domains to garnet growth zones: age and duration of granulite facies metamorphism in the Val Malenco lower crust. J Metamorphic Geol 21: 833-852
31. Hermann J.(2003)     Experimental evidence for diamond facies metamorphism in the Dora Maira massif. Lithos, 70, 163‑182. 
32. Himmelspach R, Williamson RE, Wasteneys GO (2003) Cellulose microfibril alignment recovers from DCB‑induced disruption despite microtubule disorganization.  The Plant Journal 36:565‑575 

33. Huang M, Maas R, Buick IS, Williams IS (2003): Crustal response to continental collisions between the Tibet, Indian, South China and North China Blocks: geochronological constraints from the Songpan-Garzê Orogenic Belt, western China. Journal of Metamorphic Geology, 21(3), 223-240.

34. Jackson, I., FitzGerald, J.D., Faul, U.H., and Tan, B., 2003.  Grain-sized-sensitive seismic wave attenuation in polycrystalline olivine, J. geophys. Res., 2360, doi: 10.1029/2001JB001225
35. Jacob R(2003) The mechanism of the dissolution, spray and deposition technique,/a novel infrared sampling method. Spectrochimica Acta Part A 59  1557_/1563

36. Jones PJ (2003) Ankumia van Veen, 1932 (nomen dubium): pathological moult retention in the Cytherellidae (Platycopida:Ostracoda). J Micropalaentology. 22:85-99 
37. Kisters A. F. M., Stevens, G., Dziggel, A and Armstrong, R.A. (2003). Extensional detachment faulting and core-complex formation in the southern Barberton granite–greenstone terrain, South Africa: evidence for a 3.2 Ga orogenic collapse. Precambrian Research, 127, 355-378
38. LiuY, Withers RL, Noren L (2003 )"An electron diffraction, XRD and lattice dynamical investigation of the average structure and RUM modes of distortion of microporous AlPO4‑5 Solid State Sciences 5, 427‑434, 

39. Liu Y, Withers RL, Fitz GeraldJ (2003) .A TEM, XRD and crystal chemical investigation of oxygen/vacancy ordering in (Ba1‑xLax)2In2O5+x, 0 @ x @ 0.6" J.Solid State Chem. 170, 247‑254, 

40. Liu Y, Noren L,.Withers RL, Hadermann J,  Van Tendeloo   G,.Garcia‑Garcia FJ (2003) The metastable Ni7@xS6, and mixed Ni6@x(S1‑ySey)5, phases. J.Solid State Chem. 170, 351‑360, 

41. Liu Y,.Withers RL(2003) RUM (Rigid Unit Mode) modes of distortion, local crystal chemistry and the inherent displacive flexibility of microporous AlPO4‑11. J .Solid State Chem. 172, 431‑437 .

42. Luther‑Davies B, Kolev VZ,  Lederer M J,. Yinlan R, Samoc M, Jarvis R A,  Rode AV,  Giesekus J, Du,K.‑M, Duering M (2003) Ultrafast pulsed laser deposition of chalcogenide glass films for low‑loss optical waveguides, in: Advanced Optical Processing of Materials, Eds.: D. B. Chrisey, M. Dinescu, I. W. Boyd, A. V. Rode, Material Research Society Symposium Proceedings 780, Warrendale, pp 131‑142.

43. McHenry E, Stachurski ZH (2003) Composite materials based on wood and nylon fibre.Composites Pt A, 34:171-181 

44. Mizeikis V,  Juodkazis S, Rode A,  Matsuo S,. Misawa H,  (2003)Silicon surface processing techniques for microsystem fabrication, Thin Solid Films, 438‑439, 445‑451

45. Möller, A., Hensen, B.J.,Armstrong, R.A., Mezger, K. and Ballèvre, M.  (2003).  U-Pb zircon and monazite age constraints on granulite-facies metamorphism and deformation in the Strangways Metamorphic Complex (central Australia).  Contrib. Min Pet., 145, 406-423.
46. Morishita T, Arai S(2003) Evolution of spinel-pyroxene symplectite in spinel-lherzolites from the Horoman Complex,  Japan. Contrib Mineral Petrol. 144:509-522

47. Morishita T, Arai S, Green DH (2003) Evolution of low-Al orthopyroxene in the Horoman periodite, Japan: an unusual indicator of metastomatizing fluids. J  Petrol. 44:1237-1246

48. Morishita T, Arai S, Tamura A (2003) Petrology of an apatite-rich layer in the Finero phlogopite –periodite, Italian Western Alps; implications for evolution of a metastomatising agent. Lithos 69:37-49 

49. Müller, W., Fricke, H., Halliday, A.N., McCulloch, M.T., Wartho, J.‑A (2003) Origin and Migration of the Alpine Iceman. Science 302: 862‑866, .

50. Myrow, P.M., Hughes, N.C., Paulsen, T.S., Williams, I.S., Parcha, S.K., Thompson, K.R., Bowring, S.A., Peng, S.-C. & Ahluwalia, A.D., 2003: Integrated tectonostratigraphic analysis of the Himalaya and implications for its tectonic reconstruction. Earth and Planetary Science Letters, 212(4), 433-441.

51. Noren L, Withers RL, Brink F (2003) Te for two. Ordering phenomena in doped Ni1+xMyTe2 (M = Ag, Cu and In) Journal of Alloys and Compounds 353, 133‑142,.

52. Pearce AR, Marotte LR (2003)  The first thalamocortical synapses are made in the cortical plate in the developing visual cortex of the wallaby (Macropus eugenii). J Comp Neurol 23;461(2):205‑16. 
53. Pimentel, M.M., Lindenmayer, Z.G., Laux, J.H., Armstrong, R.A., de Araújo, J.C. (2003). Geochronology and Nd isotope geochemistry of the Gameleira Cu-Au deposit, Serra dos Carajás, Brazil:  1.8-1.7 Ga hydrothermal alteration and mineralization. Jour South Am. Earth Sci., 15, 803-813
54. Piuzana,  D., Pimentel, M.M., Fuck, R.A. and Armstrong, R.A. (2003a). SHRIMP U-Pb and Sm-Nd data for the Araxá Group and associated magmatic rocks: constraints for the age of sedimentation and geodynamic context of the southern Brasília Belt, central Brazil.. Precambrian Research, 125, 139-160.

55. Piuzana,  D., Pimentel, M.M., Fuck, R.A. and Armstrong, R.A. (2003b). Neoproterozoic granulite facies metamorphism and coeval granitic magmatism in the Brasilia Belt, Central Brazil: regional implications of new SHRIMP U–Pb and Sm–Nd data. Precambrian Research, 125, 245-273

56. Rainaud, C., Master, S., Armstrong, R.A. and Robb. L.J. (2003). A cryptic Mesoarchaean terrane in the basement to the Central African Copperbelt.  Journ. Geol. Soc. Lond., 160, 11-14.

57. Roberts RJ Senden TJ, Knackstedt MA, Lyne MB (2003) Spreading of aqueous liquids in unsized papers is by film flow. J Pulp and Paper Sci 29:123- 

58. Rolland, Y., Cox, S.F., Boullier, A.-M., Pennacchioni, G, and Mancktelow, N., 2003. Rare Earth and trace element mobility in mid-crustal shear zones: insights from the Mont Blanc Massif (Western Alps). Earth  and Planetary Science Letters, 214, 203 
59. Rubatto, D (2003) . Zircon trace element geochemistry: partitioning with garnets and the link between U‑Pb ages and metamorphism. Chem. Geol.184:123-138
60. Rubatto D. and Hermann J. (2003): Zircon formation during fluid circulation in eclogites (Monviso, Western Alps): trace element partitioning with garnet and constraints on subduction zone fluids. Geochim. Cosmochim. Acta 67, 2173‑2187.

61. Rubatto D, Scambelluri M (2003) U-Pb dating of magmatic zircon and metamorphic baddeleyite in the Ligurian eclogites (Voltri Massif, Western Alps). Contrib Mineral Petrol 146: 341-355
62. Ryan MH, McCully ME, Huang CX (2003) Location and quantification of phosphorus and other elements in fully hydrated, soil-grown arbuscular mycorrhizas: a cryo-analytical scanning electron microscopy study. New Phytologist 160:429-441

63.  Seth, B., Armstrong, R.A., Brandt, S., Villa, I.M. and Kramers, J.D. (2003).  Mesoproterozoic U–Pb and Pb–Pb ages of granulites in NW Namibia: reconstructing a complete orogenic cycle, Precambrian Research, 126, 147-168
64. Spandler C., Hermann J., Arculus R. and Mavrogenes, J.(2003) Redistribution of Trace Elements during Prograde Metamorphism from Lawsonite Blueschist to Eclogite Facies; Implications for Deep Subduction‑zone Processes. Contrib Mineral Petrol. 146, 205‑222

65. Steven, N. and Armstrong, R.A. (2003).  A metamorphosed Proterozoic carbonaceous shale-hosted Co-Ni-Cu deposit at Kalumbila, Kabompo Dome: the Copperbelt Ore Shale in northwest Zambia. Economic Geology, 98, 893-909.

66. .Stunitz, H., Fitz Gerald, J.D., and Tullis, J.  2003  Dislocation generation, slip systems, and dynamic recrystallization in experimentally deformed plagioclase single crystals.  Tectonophysics, 372, 215-233

67. Sugimoto K, Himmelspach R, Williamson RE, Wasteneys GO (2003) Mutation or drug-dependent microtubule disruption causes radial swelling without altering parallel cellulose microfibril deposition in Arabidopsis root cells. The Plant Cell 15:1414-1429

68. Sun WD,  Bennett VC, Eggins SM,  Kamenetsky VS,,  Arculus RA (2003) Enhanced mantle-to-crust rhenium transfer in undegassed arc magmas Nature 422 

69. Sun Wa,*, Bennett VC, Eggins SM,  Arculus RJ,  Perfi MR (2003) Rhenium systematics in submarine MORB and back-arc basin glasses: laser ablation ICP-MS results. Chemical Geology 196 (2003) 259– 281

70. Tenthorey E, Cox SF (2003). Reaction-enhanced permeability during serpentinite dehydration.  Geology, 31, 921-924.
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5.PERSONNEL

Facility Coordinator

Sally Stowe, MSc Hons(Auck), PhD

Senior Technical Officers


Frank Brink, BAppPhys (SA) MSc(LaTrobe)

Roger Heady, BappSc (CCAE), GradDipElec(CCAE), GradDipResMan(CCAE), PhD
Cheng  X. Huang,   MSc (Beijing Agricultural), PhD (La Trobe) 

David Llewellyn, DipEng(Bruce TAFE)

Research Officer 

Daryl Webb BSc(NTU), MSc (Med)(prelim) (USyd). 

Technical Officer


Ruolan (Lily) Shen, DipTCM(Guangzhou)

Programmer:

Nathan Cattle (from September)

Visitors

Saeed Asgary,   Endodontics Department, Shahid Beheshti Dental School, Tehran, Iran.  (July - January) 

Mohammed J."Jeff" Eghbal, Endodontics Department, Shahid Beheshti Dental School, Tehran, Iran. (June - December)

Masoud Parirokh,  Endodontics Department, Kerman Dental School, Kerman, Iran (June – December)

6. FINANCE

(Formal returns are provided through RSBS, which administers the main part of ANUEMU, and RSES, which administers the account covering the used for the CM300 TEM).
Charging Policy: The ANUEMU charges non-university  government users of at a rate that covers all costs apart from capital equipment.  Industry users are charged at commercially  competitive rates that cover major equipment replacement costs. The unit also recovers major consumables and a proportion of operating costs from academic users with available grants.  However for some instruments with high and predictable maintenance costs, notably the confocal light microscope, all academic users are subject to a minimum hourly rate.

Overheads such as electricity, water, and most administration costs are covered by RSBS, or RSES in the case of the CM300. RSES also provides the salary of Dr John Fitz Gerald, who manages that instrument with the assistance of an ANUEMU staff member, Mr David Llewellyn. 

In 2003 the ANUEMU received an operating grant of  $477,000 to cover salaries and on-costs, operating expenses, minor equipment and all instrument maintenance.  Overheads such as electricity, water, and most administration costs are covered by RSBS. Additional operating income in 2003, comprising contributions from grants awarded to ANU staff, any teaching funds contributed by departments, and external earnings, totalled $49,229(RSBS site)  (down from $51,148 in 2002)

Other Income Sources (Items >$1,000,  funds actually received in 2003)

Internal earnings – total  $28,260: 

EME Dept, RSPhysSE 


$5,000 

AM Dept, RSPhysSE (Paper CRC)
$5,000


Prof Ian Jackson, RSES 


$5,000.

PRISE (RSES) 



$4,000

EUM-TchSupport-2002-ENGN4601
$4,000

Prof Ray Withers, RSC


$2,000
Dr Ben Walcott, RSBS 


$2,000

(others, below $1000)


$1,260
External earnings:  total  $20,142:
ProSciTech



$8152

GeoScience Australia 


$3000

CSIRO




$2350

Robson Laboratories


$2,000

Columbia University (Biosphere)
$1100

(Others, below $1,000) 


$3540
In addition the CM300 (RSES)  received $11,725 in earnings and recoveries for consumables in 2003, of which  $10,000 came from the EME Department of RSPhysSE. 
Equipment Grants :

External

Advanced Light Microscopy . Ramaciotti Foundation.  $25,000 

Internal


Advanced Light Microscopy, National Institute for Bioscience -$25,000


These 2 grants were committed to the purchase of the Zeiss Apotome System

Research Grants:

External

Stange G, Chahl JS, Stowe S, Ibbotson M. AFOSR International Research

Initiative Grant. Title: “A Biomimetic Algorithm for Flight Stabilization in

Airborne Vehicles, Based on Dragonfly Ocellar Vision." 2002-05 (A$ 360,000)
Income opportunities:

From ANU users grants etc:

In 2003, funds derived from users  increased by about 30% in comparison to 2002.
Government organisations – income from government organisations,  at one time the principal regular source of external funds, has trended downwards over the past decade although 2003 did show a small increase over 2002.   However there is potential for more cooperation with the CSIRO Black Mountain Microscopy Centre, both in purchasing equipment and in recovering operating expenses.

Commercial sources. The major income in 2003 was derived from the sale of value-added

EM-related laboratory supplies (>$8000), a funds source which continues to increase, and an analysis service for airborne particles and other OHS-related samples. Overall earnings from commercial sources decreased.   This work tends to be labour-intensive and directly competes for staff time with research and teaching support –while it has been a valuable source of funds, it would not be advisable to seek to increase it significantly.

Other Universities.. This is probably the external source of funds which involves least

distortion of the original aims of the Unit, and which impacts least on the service that can be

provided to ANU users. Researchers and students from other Australian universities may use the EMU on the same basis as ANU researchers. Income from other Australian universities was $1,100 in 2002, but no funds were identifiably derived from this source in 2003

Workshops - recoveries from workshop charges at best cover costs. Apart from their basic

educational role, the main value of such workshops lies in publicising the facilities of the unit.
7. ORGANISATION

The ANUEMU is a central facility serving both the IAS and the Faculties and currently

performing about equal amounts of biological and physical sciences work. The Unit is housed

within RSBS and uses its administrative and support structures. The Facility Coordinator

reports to the Director of RSBS, who has overall responsibility for the Unit’s operation and

chairs several advisory groups which have a role in monitoring the provision of microscopy

infrastructure at the ANU:

The Microscopy Strategic Advisory Group (MSTAG) whose members in 2003 were:

Professor Jonathan Stone (Director RSBS) ex officio (Chair)

Dr Sally Stowe (Facility Coordinator) ex officio

Dr Paul Cooper BOZO - (Nominee of the Dean of Science)

Professor Dr Ian Jackson RSES

Dr Tim Senden Applied Maths Dept, RSPHYSSE (Scanned Probe Facility Coordinator)

Dr Bruce Walmsley JCSMR

Dr Ray Withers RSC

Dr Zbigniew Stachurski, FEIT (Director of Centre for the Science & Engineering of Materials)

Dr Helen O'Neill BAMBI

Professor David Ellis Geology Dept, Faculty of Science

Dr Rosemary White Microscopy Centre, CSIRO Plant Industry - External Advisor

Associate Professor Simon Ringer, Director Sydney University EMU- External Advisor

and the Microscopy Sub-Committee of the Research Committee, which advises on support

for capital equipment requirements. (http://www.anu.edu.au/cabs/researchcom/subcommittees.html)

User Input. Feedback from users comes from responses to news and queries on the users’

email list, and from written surveys conducted by the Unit to canvas requirements for

equipment and various organisational matters. The ANUEMU website is used to solicit

comment by users and advisory committee members on a range of matters including planned

major equipment purchases.

8. COLLABORATION and OUTREACH
Collaborations within the ANU

Brink FJ, PhD project supervised by RL Withers and JG Thompson (RSC).Crystal structure of metal oxy-fluorides.

Heady  RD is School Research Associate in the School of Resources, Environment and Society with  J Banks, SRES. Studies of Wollemi Pine.

Collaborations with Australian Universities

Heady RD  with G Burrows, CSU. Branch abscission in Wollemi Pine

ANUEMU facilities are used by visitors to many departments of the ANU.  In addition, in 2003  they were used by staff and research students from ADFA, the University of Canberra, University of Western Sydney, Charles Sturt University and the University of Tasmania.

Collaborations with Other Institutions

Heady RD with Prof PD Evans,  Univ British Columbia, Canada..  Callitroid thickening in Callitris pine.

Huang CX with ME McCully,  CSIRO Plant Industry.  CryoSEM studies of  dissolved element distribution and air embolism in roots.

Stowe S with Prof. Nicholas Strausfeld (Univ. Arizona, USA) and Dr David Rowell                       (BOZO).  Onychorphoran  neuroanatomy and phylogeny.

Stowe S with Prof. D Stavenga (University of Groningen) and J Zeil, K Siebke (RSBS). Optically active microstructure of lepidopteran cuticle

Cooperation with Government, Industry & Commerce

The ANUEMU Facilities were used by a number of Government organisations -  CSIRO Plant Industry and Entomology Divisions, GeoScience Australia,  The Australian Federal Police, and the National Gallery of Australia.  Commercial users included ProSciTech, Robson Laboratories,  AOFR  and   Sustainable Technologies International

Involvement with professional bodies including service on committees, editorial activities, refereeing of grant applications, provision of expert advice.

Heady RD served as a referee for IAWA (International Association of Wood Anatomists) Journal  and Nature Australia

Stowe S served as a member of the International Advisory Board of Medical Electron Microscopy (Springer Verlag Tokyo), as a referee for online journals of the Institute of Physics (UK), as Membership Secretary of WISENET (Women in Science Enquiry Network), and administers the Australian and NZ Microscopy listserver

Outreach Activities - Conferences, presentations and workshops.

International 

Stowe S . Focused Ion Beam in a multidisciplinary facility. Microscopy 2003 Wellington, NZ.

National 

Unit staff contributed to the activities of the National Youth Science Forum

Heady RD provided images for display at the Australian Science Festival, Aug 15-24th, Canberra
9.APPENDICES

 (i) School and Departmental Use of the ANUEMU in 2003

	Group (number of users)
	TEMs
	SEMs
	LMs
	PCs
	MICRO-TOMES
	weighted hours
	% use

	
	
	
	
	
	
	
	

	Weight
	1
	1
	0.3
	0.2
	0.2
	
	

	
	
	
	
	
	
	
	

	BAMBI ( 3)
	42
	
	6.5
	
	
	43.95
	0.5

	BOZO ( 3)
	
	29
	
	 
	
	29
	0.4

	CHEMISTRY (1)
	
	3.5
	
	 
	
	3.5
	0.0

	FEIT  (11)
	65
	160
	68
	69
	
	259.2
	3.2

	FORESTRY (4)
	
	45.5
	11
	3
	
	49.4
	0.6

	GEOLOGY (28)
	
	801
	73
	 
	
	822.9
	10.3

	JCSMR  (5)
	179
	71
	12
	20.5
	44
	266.5
	3.3

	Nat Int of Arts (1)
	
	
	18
	10
	
	7.4
	0.1

	OH&SU ( 3)
	
	24
	
	 
	
	24
	0.3

	RSBS (62)
	155
	678
	1334
	615
	1091.5
	1574.5
	19.7

	RSC (8)
	218
	79
	3
	2
	
	298.3
	3.7

	RSES (32)
	146
	1678
	21
	 
	
	1830.3
	22.9

	RSPAS (4)
	
	29
	12
	12
	
	35
	0.4

	RSPhysSE  (36)
	892
	1307
	124
	292
	
	2294.6
	28.7

	TEACHING (3)
	32
	40
	24
	 
	
	79.2
	1.0

	 
	 
	
	
	 
	
	
	

	TOTAL ANU
	1729
	4972
	1729.5
	1023.5
	1280.5
	7680.65
	96.0

	
	
	
	
	
	
	
	

	Other Univs (9) 
	
	110
	4
	
	228
	156.8
	2.0

	GOVT (11)
	55
	27
	4.5
	 
	16
	86.55
	1.1

	COMMERCIAL (est).(4)
	40
	26
	
	
	
	66
	0.8

	Miscellaneous (unattrib, outreach) (2)
	14
	
	
	
	
	14
	0.2

	
	
	
	
	
	
	
	

	TOTALS
	1838
	5135
	1738
	1023.5
	1524.5
	8004
	100


Some departments listed by  “historical” names rather than acronyms 

(ii) Numbers of users 1989-2003

	YEAR
	RSBS 
	OTHER IAS 
	FACULTIES 
	OTHER 
	TOT AL

	1989 
	25 
	21 
	42 
	19 
	107

	av. 1990-93 
	43 
	51. 8
	65. 8
	24.8 
	180.8

	av. 1994-97 
	63.5 
	88.8 
	68.8 
	34.5 
	262.8

	av. 1998-99 
	66 
	75 
	88 
	32.5 
	260

	2000 
	63 
	91 
	85 
	38 
	277

	2001 
	58 
	91 
	70 
	40 
	259

	2002 
	57 
	74 
	69 
	42 
	242

	2003
	62
	85
	51
	32
	230


.Undergraduate courses and other student groups are counted as one user. The numbers of users have been roughly constant for some time following a steep increase in the first few years of operation.

(iii)  Trends in ANUEMU Equipment Use 1990-2003

[image: image1.emf]0

100

200

300

400

500

600

 1990  1991  1992  1993  1994  1995  1996 1997 1998 1999 2000 2001 2002 2003

HOURS PER MONTH

Microtomes

PCs

LMs

ALL  TEMs

ALL SEMs


(iv) Distribution of ANUEMU Electron Microscope Use across the university,

1990- 2003
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Cover images:

Apotome: Neuron of bee brain, injected with fluorescent dye (Ulrike Schroeter)

Focused Ion Beam: etched patterns (Darren Freeman) and material deposited on insect sensillum (Sally Stowe) 
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