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L The work covered during the year was divided in¥o
three main sectiouns; they were -~

1e The study of X~ray diffraction, both theoreticul
and practical, at Combridge University.

2 The use of X-ray fluorescont spectrometry at
Massachusetts Institute of Technology,
liussachusetts, U.5.A.

3 Some aspects of ore microscopy, at Heidelberg
University, Germany.

1. Cambridge University.

The first section comwenced at Cambridse in the
first week in October 1956, and continued throughout the academic
year there until 416th June 1957, with the Baster vacation of
six weeks spent at Massachusetts Institute of Technology, U.S.A.

The courses taken @&s part of the ordinary University
curriculum were: crystcllography, X-roy crystallography, J-ray
proctical work, petrogenesis, geochemistry, metamorphism,
theoretical ore microsecopy, as well =8 the post-gr.duate I-ray
diffraction coursec given once every threc ysars.

It wrs found necessary on my urrival at Cambridge
to commence the study of crystillography from first yecor level,
their courses in this subject being.far in advance of anything
taught at Sydney University for the B.Sc. dersree. It included
geometrical crystullography ond the use of stereographic and
gnomonic projections and spherical trigonometry, and provided
the necessary basis for the X-rey course which commenced in
second term.

The whole first term was occupied with this work.
In addition, during this time, theoretical X-ray diffraction wes
dealt with, so as to give a basis for the practical work, which
commenced in second term.

Professor Tilley's lectures on petrogenesis were
also tealken; these provided an excellent demonstrition of the
application of principles of thermodynamics to the study »f
igneous petrology, as well as some interesting concepts of their
role in rock-forming processes. ' -

During the Christmes vacation research students
were allowed full use of the department's fucilities, «nd the
period wes used to do some practical work on interpretition of
single crystul oscillation and \WWeissenberg photographs. The
work was undertaken ot the suggestion of my tutor, Dr. Peter
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Gay, as being a valuable preliminary to the second term
practical X-ray work.

The main X-ray course commenced in second term,
continuing with theoretical X-ray diffraction, as well as '
starting a series of practical exercises. The theoretical, part
of the course dealt with types and uses of X-ray tubes,
production and uses of characteristic and continuous radiation,
powder diffraction methods and the various film arrangements
used with them, single crystal stationary and moving film
methods, and the calculation of crystal constants using both
these methods.

The single crystal methods are a useful supplement
to the powder diffraction technique and offer an accurate
means of obtaining identification of platy minerals which do
not lend themselves readily to the powder method. They are
also useful to identify thosc minerals of the lower symmetry
groups which give a complex and sometimes partly diffusec
powder pattern. Some of the secondary uranium minerals fall
into this group. The method is useful for measuring crystal
constants of unknown mincrals and can bc used to give axis
dimensions, specific gravities, unit ccll contents, uni+ .cecll
composition, structural formulac, axial anglecs and space groups,
and hos many applications in the accurate idcntification of
minerals incapablc of identification by any other means cxcept
with great difficulty. .

Also given in this series of lectures and practical
demonstrations was the theory and application of the geiger
counter diffractometer. In X-ray powder cameras the whole of
the diffraction pattern is recorded simultaneously on the
* photographic film, Alternatively it is possible to study the
powder pattern by scanning with a geiger counter which is moved
gither continuously or in steps across the pattern., This has
many advantages, particularly for powder work, c.g., in rapid
identification, in the examination of & diagnostic line without
recording the full pattern, in intensity measurements, etc.

Some intercsting geological applicotions are:-

(1) Rapid identification - quick identification of unknown
materials can be made from charts. A smear mount is
preparcd and a record made at a relatively fast
scanning speed (1°2€/min). Thc material can then be
identified in the usual way, either by using the
A.S.T.M. index, or by comparison with charts of known
materials.,

(2) Examination of diagnostic spacings - often the accurate
position of a single line is required, c.g., in the
detecrmination of composition within a mineral sceries.
The diffractometer, with its high accuracy, speed, and
resolution is probably the most accurate and convenient
instrument for this purpose. Some typical applications
arc -

(a) Olivine determination - the shift of the

line gives the composition to L 2% of
(130) fayalite.

(b) Nephclines - the shift of the d(pqx0) ond
d(20%2) lines, if the ecxcess S;0p is not too
high, gives Ca0 to I 3%.

(¢) Alkali felspars - d(430) line shift detects
monoclinic-tridinic inversion.



= 8 =

These wre Jjust some applications for which this
method c&n be used, giving comparable or grecter accurscy with
much less expenditure of time than that needed for other methods.

The practical work consisted of » series of
exeroises ‘decling with -

The construction and use of the reciprocal luttice, os
used in single crystel X-ray diffraction.

The construction cnd use of the Bernal Chart, used
for interprctetion of single crystal photographs.

- Interpretation of oscillation photographs.

The construction of the Weissenberg churt for moving
film methods.

Construction of o and &*charts for crystal orientation
studies.

Determinuation of wun orientetion of & single crystil of
dizmond usin%/é;qﬂ and & churts.

Space grous.

Celculations of optimum potentials for various turgets
and absorption effects.

M.lters.
Choices of radiation to avoid fluorescence.

Indexing of powder photographs using the "1" value method
and the eccurate determinction of the cell dimensions
of qurrtz.

The use of Weilissenberg photogr.uphs in the study of triclinic
crystals.

Geiger counter diffractometcer methods.
The completec study of a new mineral.

In the final term at Combridge, Professor Tilley
suggested thot I do a complete study of a minercl hitherto not
described by X-ray methods. The zinc manganese silicate,
hodgkinsonite, from Franklin Furnece, New Jerscy, w:os sclected.
During the course of this investigotion the axial rotios, axial
angle, crystel system, spece group, structur:l formula, specific
gravity, volume of unit cell, contents of unit cell, and
refrective indices were determined. Aan uccurate powder pattern
Wwes tulkien using the geiger diffroctometer aad the resulting
speecings ¢nd intonsities t.:bul:ted for future identification.
Prcvious work done by Pulcocche on this mineral, bused on crystal
morphology only, w.s found in meny iastances to be incorrect.
Two refractive indices rcwmein to be determincd ot Canberra,
and the completed puper will bc scnt to Professor Tilley at
his reguest for publication in the MMinerclogical Hegozine.

2. Massachusetts Institute of Technolecgy.

An important @#spect of the work at Cambridge during
the first and second terms w.s that, having the background of
theoretical X-ray diffr.ction, I was able to devote the whole
of my six weeks in America to actual X-ray fluorescent
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spectrometry, which I would not have becn able to do hud I not

had the theoretical grounding. The similarity between diffractom-
etry and sbeetrometry caon be readily understood when one considers
that in diffroctometry, @ single known wavelength is used to
analyse o diffreeting specimen for all d-spacings present, wherces
in spectrochemiccl anclysis & single known d-spacing of a
diffrcocting erystal is used to cnalyse the spectrum of the
speclmen for all wavelengths present., Thus in diffractometry the
specimen is rotated, and the differcnt angles 2 - ot which
diffracted energy is detcected are related to different d-valves.
In spectrochemical cnalysis the crystol is rotwted ond the
differcent angles 2 €-at which diffrccted cnergy is detected are
related to different wavelengths.

X-ray diffrcction patterns reveal differcnces in
the character, dimensions, ond oriont.tions of crystals. Hence
diffraction analysis identifics compounds by their specific
crystal structurc and lattice spucings, ~nd distinguishes between
diffcrent crystelline modific..tions of compounds (e.g., rutile
end anaetese). It poermits quantitative wnalyses of wmixtures of
crystal substionces, distingulshes between mixtures and solid
solutions, and gives information on the oricentation of crystallites
in & sample. That is, diffrcction studies arc uscd in materiuls
in the crystalline stute.

_ The characteristic X-roy spectra, howcvor, arec
emittcd by an atom regardlcss of the crystal structurec or
chemicul composition of the samplc «nd sre indecpendent of the
physical condition of the sumple. Thercfore X-ray spectrographic
4nelysis supplements the diffrection anwlysis in giving information
on the clemental composition of the sample.

The period of the Saster vacation at Cambridge
University, from Merch 15th until April 27th, was spent in the
U.5.A. at the Mussochusetts Institutc of Tceechnology, Cumbridge,
- Mass., where o study wos made of X~ray fluorescence analytiocal
methods, and to @ lesscr cxtent the physical-chemical approach
to rock~forming gcological proccsses.

The work on X-ray analysis can be divided into
two sections, thcorctiecal and practical, and was carricd out
exclusively in the Department of ketallurgy, the Geology
Department having no cquipment for this typc of work. The
thcoretical aspect wus carricd out through the study of
literature reccommended by Profcssor R. Ogilvic of the X-ray
metallurgy section. It included the study of vorious mcthods
by which satisfictory analyscs may be corricd out, and, what
is morc important from the mincralogical standpoint, the
study of matrix effects on the accurucy of the cn:lysis.

In order to Jjustifly the timo spcat on using the
fluoresccnce cquipment, I was given a projcct to carry out which
wasS part of a Massachusetts Institute of Technology contract
with & privatc company in Massachusetts. This project aimecd
at finding out whether the X-roy method wus sultaeble for the
ratio analysis of columbium end chromium in oxidised alloys
used in the manufacture of guided missile casings, with & vicw
to ultimately determining thce bchaviour of the alloy under
service conditions. It hinged upon finding thc most sultable
method for the prcparation of the oxidiscd matceriul for
analysis, as well as the precparotion of standurds which would
give good reproducibility, ocoupled with spced of analysis wnd
henece refinement of accuracy in the rcesult.
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This rosult wos finally uchicved, showing the method
to bc entirely s:tisfactory, ..nd severcl sets of unclyses cf
oxidised material werc ccrricd out giving hizhly reproducible
recsults. The project gave valuable prei:ctice in the operatien
of the fluorcscent spectromcter ws well .:s various methods of
specimen prcparation, ' '

During eny time when tho instrument wis not being
uscd by mcmbers of the departmeont, samples of rire eurth
miner«ls such .us cuxonite, polycrase, samirskitc, monazite, stec.
were prepared uand  analysed. Thesc minerals are cxtremely
difficult to anaulysec by wet choemical means, and teke a grect deal
of time. It wus found thot ¢ successiul complete guulitetive
enalysis could be donc on the most complex of these (cuxenite,
polycr@se) in & metter of ninety minutes to two hours. As u¢n
example, in cuxcnitc twelve clements werc detected; they were
Cb, ¥, U, Fe, Ta, Th, 2r, G4, Dy, In, Mn, Pb, &ll of which
could also hove been guentitutively determined. Of the clements
detected, Y, Th, 2r, Gd, Dy, In, arc &ll extrcmcly difficult
to dotcct and determine by wet chemicul mcecthods. Spceimens of
sulphide mincruls werc exumined by this method, and siwmilur
successful rcesults obtaeincd.

Any other timc available at H.I.T. was usced for the
study of liter:turc on fluorcscenc wnalysis, with the cmphesis
on specimen preparztion, sclection of stuindards for quontitotive
enalysis, ond disturbing cffects on tho spcetrul lines. No
time waos available for proctical worl: in these matters, howevor,
so further work will have to be carricd out in the Canberra
laboratory.

In brief, thc proccdure for quontitative analysis
is gimilar to that for optical spcctrography, which rcquircs the
preparation of & number of reference stonderds, i.e., specimens
of mown composition in differcnt concentration régions. Thess
stundards arc used to preparc woriiing colibretion curves of Z-ray
fluorcsecent intensity s o function of the concentration of cach
constituent,

It may be of intercst herc to compare the X-roy
fluorcscencc method with thce standard opticul method of speotrol
analysis. In gcuersl it may be said that the X-ray mcthod
cannot compcte with the optical one in the analysis for trace
elements; thu opticul method will in some c.scs go down to
concentrations of one part in 10'. On the other hand, tho optical
method 1s less sensitive to differcnces in the concentration of
& major constituent, which arce most easily mecsurcd by the X-ruy
mcthod. Another gencral aspect is the range of clemonts for which
the mcthods are uscful. The opticcl wmethod is renerally used for
about 65 or 70 c¢lcments scattered all over the periodic systom;
it is not generally upplicablc to the electroncgative clements
such as the hulogens, sulphur, etec., which have spectrae in tho
far ultraviolct. This X-rioy mcthod is uscful for 2ll clcments
above atomic number about 13, but cannot &t prcescnt be applicd
to thc lower cnd of the periodic table, -although improvement in
instrumentstion should, in the ncer futurc, ovcrcome this to a
certain extent. An outstonding advantuge of the X-rey method
is that the sumple is not destroyed in the course of analysis,
and another is its ability to copc with all types of specimens.

It cun be applied to crystallinec s well as amorphous uaterials,
and the spceimen can be in the liquid or solid stute, in powder,
or glass, or metal form, with constitucnts dispersed or dissolved.
This comparcs morc than favourably with thc optical mcthod on
which tho state of the speccimen imposes certain limitations.
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Finally, it is interesting to compare the ways of
handling overlzpplng spectra. The only way of decling with this
problem in the optical case is by the use of high dispersion,
and, owinz to the complicaztsed character of most optical spectra,
this may necessitete the usc of grating spectrographs of very
great length., The X-reoy spectr., being much simpler, cause much
less overlapping, cnd moreover there ere several methods other
then increuscd dispersion for separating odjecent lines. The
fo%%owing quotition glves somc ide.. of the possibilities of the
method -

T l-ray fluoresccnce hzs proved to be o reliable
method for the cnalysis of Cb and Te, in ore minercls, and for
following the incrcésc in concecntrations during minerol dressing
processes. It teles o competent chemist five to fiftecn days
to meke ¢ chemicol ~nalysis for these elements, while ten to
fifty semples can be cnalyscd with comparaoble accurcacy in o dey
by the X-ray method",.

) The progr.mme of work in fluoresccnce analysis in
the immcdiate futurce after setting up the iastrument in Conberra
will be -

(a) Testing us mony s possible of the methods of specimen
preparation described in the literaturc, and evaluating
theilr worth for oapplicuation to the problems encountered
in mincralogic:,l determinations;

(b) Selecting suitsble interncl standards for the combina-
tions of clements likely to bec met with in our analyses;

(¢) Combining (&) and (b) to form & rapid and zccurate
guantitative ond qualitetive anclytical scheme sultable
for use in a geological laboratory.

The carrying out of the programme in X-ray
fluorescence analysis left very littlc time for the study of the
physical chemistry part of the programme. However, Professor
MacDonald kindly gove me & completc set of his leccture notcs on
the subjcet, as well es giving freely of his time for discussions,
which, coupled with a cursory reweding of thc notes, proved to be
of great bencfit. Profcssor LHacDoncld suggested that I ask to be
placed on the mailing list of Dr. J. Boyd, of the Geophysicul
Laboretory, Washington, whosc scction is studylng the phase
chemistry of the sulphidc systems, on which, to datc, very little
cxperimental work has been carricd out. This wos done, and somc
useful material for the study of ore mincralogical problems
should be forthcoming.

Of particulcr intercst to the Burecu w..s the offcer
by Professor Hurley of the Geology Department of lessachusctts
Institute of Tcchnology to cerry out age determinations on ‘
Australian rocks. The method uscd hns the advantcge that it s
quicker than most existing methods, and, as he has been
perfceting the method since the early 1930's, he clso clalms
greater accuracy.

Severol visits werce made to the Mincralogical
Department at Hervard University, .nd the acguaintince made of
Professor Frondel. He has offered to exchange wminerals with
the Bureau, and also to give any informeation he may have on
the X-roy diffraction patterns of the uranium mineruls, on
which he hes done a grect deal of work. This latter offer will
be of great benefit for the zccuratc determinetion of the
secondary uranium wminerals in particulcr.
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Part of the progrsmme in the U.S.A. was to visit
the Bell Telephone Luboratories - Hartford Connccticut, to study
their spplication of X-rcy flucrescence anualysis. However, the
information I rcceived in Australia thet this company hes a
laboratory at Hartford is incorrect. As my time was fully
occupicd ut Massachusctts Institute of Technology, and as it
WasS possible there to obtain very full informution in the use of
the method of X-ray fluoresccant anclyses, thc omission of this
port of the progremme was of no importance.

3. Heidelberpy University.

On Junc 16th the final period of the ycar's
progromac commeincod - the study of ore mineralogy ot Heidelberg
University. Thc work herc was concerncd mainly with going
through Profcssor Ramdohr's oextensive mineral collcction end
cxamining in particular thosc mincrals which have not been
obscrved in the spccimens examined to date in the Canberra
laboratory.

About 150 different mincerals werc studicd, and
notcs talen on characteristics which would help in their futurec
identification. Of particular intercest wes the cxamination
of spceimens from the gold-urenium dcposits of the /itwatersrand
and Dominion Reef, South Africa. Professor Remdohr mcde
aveilable a copy of the results of his work on the genesis of
the uranium in the Witwatersrend, ond much voluable information
on this type of deposit wos obtained by concurrent examination
of the specimens and recding of his report. His evidence in
support of a "'plocer origin for these deposits is purticularly
convineing and extremely informctive.

At Heidelberg I wes fortuncte enough to have some
discussions with geologists from the Ituelian and Swedish Atomic
Energy Commissions. ©Opecimens obtained from the uranium deposit
in the Preit area of North Italy were polished ond examined &nd
found to closely resemble matericl from Rum Jungle, both in rock
type and made of occurrence of the pitchblende. The Swedish
cgeologists steted that the deposit at Alnd, Sweden, is 1dent1ga1
with this Italian occurrence. These observatlons were of
particular importance in helping to strengthen o theory of mine
on the genesis of the uranium in the Rum Jungle deposit.

Mony informctive discussions were held with
Professor Rumdohr, particulcrly on physico-chemiccl aspects of
ore deposition. He hos generously supplied me with & collection
of rare minercls and ore specimens which will be invalucble
in the oompilation of X-rwy dotu, and for other determinative
procedures. Professor Rumdohr hus also offered to meke available
to the Bureuiu any specimens of such wminerals ¢s he hus ovollable
if ot sny time we require them for our work. This would be & very
valucble source for obtuining specimens from some of the German
=nd Europeun ore deposits.

I left Heidelberzg on the first ‘st.gc of the return
journey to Austrolia on September 3rd, 1957.
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