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ERRATA 

Due to the author's bad writing and to an error in the M.S. 
used for cutting stencils, a very large number of errors, some of them 
ludicrous, appear in this report. The more serious of these are noted 
hereunder. For the sa.ke of brevity corrections are in order of page, 
paragraph, line, incorrect word and correct word, (e.g. "18, 2, 5, 
regrettable, vegetable" means "on page 18, paragraph 2, line 5, for 
1regrettable 1 substitute 'vegetable 111 ). 

1, 2, 2 insert 'visited' ai'ter 'period' 

1, 2, 6 Hegan, Hegau 

4, .3, 2 Hegan, Hegau 

5, 4, .3 Dr. H.N. Wiik, Dr. H.B. Wiik 

7, .3' 1 insert a comma a.nd 'the' after 'Brussels 1 

10, 2, 1 analogues, analogous 

15, 2 , 2 even, ever 

18, 2, 1 chains, chairs 

18, 2, 5 regrettable, vegetable 

21, .3, 3 Geiger, Geijer 

27, 3, 5 Arkir, Arkiv 

28, 4 delete 6th and 7th lines 

2q, 4, 1 Cohen, Cahen 

.37' 1, 10 delete repetitive wording 
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38, Table I, 3 Under H2o+ substitute 11 Penfield" for 11 Classic Wet" 

39, Table I, 1 Er20' Cs20 

39, Table I, 4 carbizide, ca.rbazide 

40, 1, 4 capitol, capital 

40, 3, 2 Finildioxim, a-Furildioxime 

40, 4, 4 8-Hydroxy-quinoline, 8-Hydroxyquinoline 

41, 6, 3 ZrMoD 
4

, ZrMoO 
4 

43, 5, 6 Eriokeomcya.nin, Eriochromcyanin-R 

41~, 1, 10 insert 'not' after 'does 1 • 

44, 1, 10 differentiation, different 

45, 8, 1 thermal balance, thermobala.nce 

46, 2, 3 interpreted, interrupted 

46, 2, 4 seems, serves 

46, 5, 1 in, is 

47, 1, 3 La.nderglen, Landergren 

47, 1, 7 insert 1the' after 'that' 

47, 3, 1 ued, used 

49, 1, 1 Zu, Zn 

50, 1, 1 and or, and/or 

50, 1, 3 add 'spectroscopy' to end of line 

50, 2, 1 iron-, non-

50, 3, 3 single, simple 

51, 5, 2 my, by 

53, 4, 5 even, ever 



55, 1, 2 

55, .3, .3 

57, 4, 1 

58, 1, 1 

58, 1, 2 

58, 5, 3 

58, 6, 3 

61, 2, 3 

63, 4, 2 

69, 4, 4 

74, 5, 2 

76, 2, 2 

77, 2, 4 

qo, 2, 2 

90, 5, 4 

94, 5, 1 

95, 3, 2 

98, 2, 2 

99' 3, 2 

qq' 4, 3 

100, 2, 5 

100, 3, 3 

101, 2, 5 

101, 6, 2 

102, 4, 2 

102, 4, 2 

109, 1, 5 

109, 1, 8 

. 112, 2, 2 
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insert a comma after 'required' 

11illeman, Millman 

thermal balance, thermobalance 

Pd:An, Pb:Au 

Mel they, Matthey 

dept, kept 

Rubr, Ruhr 

Coast, Cost 

Norari, Notari 

859, 850 

insert 'valves' after •vacuum' 

Mines, }Imes . 

pressed, passed 

Stuntevant, Sturtevant 

powdered, power-driven 

and, an 

halves, haloes 

acinite, acmite 

canerinite, cancrinite 

acinite, acmite 

Lane, Laue 

springs, spacings 

Buinier, Guinier 

Hegan, Hegau 

Censtance, Constance 

Te/Rb, Tl/Rb 

Ra.dios, Ratios 

peripherical, peripheral 
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INTRODUCTION 

The trip was undertaken fo:t the purposes of: 

1. Reviewing research programmes in the fields of petrology, 

mineralogy, isotopic analysis and age determination, analysis of 

rocks and minerals and allied subject&; 

z.. Establishing personal contact with overseas re.search personnel; 

3. Obtaining details of laboratory procedures and equipment; 

4. Of studying administration and organization of re search projects; and 

5. Obtaining data on laboratory design, flowsheets etc. 

Among subjects of particular interest to the writer w~re opinions on 

the interpretation of age determinations, the quantitative determination 

of the mineral composition of rocks, and the integration and statistical . . . 

evaluation of quantitative data in min:ra.logical a~d ~etro~ogical studies. 

It was found however, that de-v·elopment in these three fields was no 

further advanced than in Canada. 

The writer was away from Ottawa a total of 60 days from 

2.2 August to 20 October, and in this period more than 80 scientists in 

35 institutions in 9 countries of northern Europe,. The institutions 

visited were Universities and Government Surveys and Research organ-

izations. In addition the opportunity was taken of joini:ng the _ annual 

field trip of the German Mineral?gical Socie~y in the Hegan dis_trict on 

the Swiss border. 

The summer holidays of Universities in France and 

Germany extend into October and September is a popular month for 
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meetings of Geological Societies in Europe. The autumn, therefare, is... 

not a satisfactory season to visit Geological departments of European 

Universities. Many geologists are away in the field during the s'l.ll'iil.me;i; 

and air travel in winter is subject to delays. The concensus of opinion 

therefore is that the best period to visit geological institutions in Europe 

is frdm Februai:y to April. 

:In planning the trip advice of other scientists in the depart-

rnelitt was i :mv:a1lua.'ble. This was supplemented by very useful suggestions 

fr@nn '.£0trme .r <1post-doet~rate fellows and of European scientists who had 

':V:i-siite:td tt'he Ge0'1ogical Survey. Once the principal institutions to be · 

visited we-r-e :selectept a tentative itinerary was -. drawn up .ai-ibitra:i-i)y and 

arzr-.angements mere :made by writing to the Directors of the various depa.r11-

,ments ;and :in.atitutes. In s0me cities arrangements for visits to two or 

thl'-ee ·institute=s ,were coordinated through the kindness of an a ·equaintance 

'in ·one (Ji)f them. Length of visits exceeded one- day in fewe·r th_a-11 l,.alf of the 

·instituti-ons vi-sited, because of the- hnpo-sition on the time of those being 

visited. The itinerary wa'S nra:de suffi:ciently flexible· tha11 an a-dditional 

half day could u•sually he ·arranged hy- chang'e of flight or t:ra.in reser-

vations. Hotel reservations were made by a travel agency in Ottawa and 

were unsatisfactory in nearly half the cities visited. It would be preferable 

to a.sk ;fi>r· recomm.endations with respect to hotels when writing for 

appointments. 



Date 

31 .A.ug. - ~ Sept. 

Z $~pt • . -4 S~pt. 

4 Sept. -9 Sept .. 
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Scie.nti~ts a :m:l Institutions Visited 

City_ Institution and Address Sci~ntists 
~ 

Amstel'dam Vrije Univer siteit, 

,, 

Bruss~ls 

Pa:ris 

De Lairessestraat 142. 

University of Amsterdam, 
Nieuwe Prinsengracht 130. 

Nuclear Research Labpratory, 

Musee Royale de 11Afrique 
Central, 

Tervuran. 

Professor W. 
Uytenbogaardt 

Professor W. P. 
De Roever 

Dr. Bpelrijk 

Prof. L .. Cahen 

Service de Physique Nucleaire, 
Universite Libre de Bruxelles, 
Avenue F. D. Roosevelt, 50 Prof.essor E. 

Inst. Royal de Sciences 
Naturelles, 

Rue Vautier 31. 

Bureau de Resear.ches 
Geologiques et Minieres, 

Picciotto 

Dr. P. Sartenaer 
Dr. Van Tassel 

74, Rue de la Federation. Dr. C. Guillemin 
Ing. Capitant 

University of Paris, 
Sorbonne. 

Museum National d 1Historie 
NatureUei 

60 bis boul~vartj :Riss9. 

University of Ba~,el, 

B.e:rm0ullianum. 

Dr. Laffitte 

Professor Hocart 

M • .T. Prouv9st 

Professor 
J .. Haller 

Dr. Vogt 
M .. J. Hunziker 



.Daf e ~itt 

14 Sep t. -' l&·Bept. Tubing_en 

16 Sept. - 17- Sept. (Field Trip) 
Hegan 

18 Sept •. - 19 Sept. Gottingen 
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Insj:i~utiol).. amd Addr~ss 

Institute of Physics, 
Physikalisches Ins-titut 

der Universitat, 
Langgasstrasse 7. 

Mineralogisch-Petrog-.raphisch 
Institut 1 

Universitat Bern, 

~cienti st13 

Professor 
J. Gei s s 

Dr. H. Oschger 
Dr. Goldberg 

- SahHstrasse 6. Dr. E. Jaeger 

Mlneralogisc-hes ·Institut 1 

Univer sitat Tubing en, 
Wilhelmstrasse 56. 

Bundesonstailt fur 
Bodenforschung 

Sedimentpetrographische s 
Institut der Universitat 

Gottingen, 
Lotzestrasse 13. 

Professor W . v on 
Engelhardt 

Dozent Dr. S • 
Haussuhl 

Dr. G. Muller 

Dr. F.J. Eckha rdt, 
Petrologist, 

Hannover 

Dr. G. A. Deicha 
Dr. E. Lippm a n 

Dortmund 
Dr. Walenta 

Stuttgart 

Professor 
C. W. Correns 

Dozent Dr . H. K. 
Wedepohl 

Dr. H. Nielsen 
Dr. H. G. Bac hmann 



Date City 

19 Sept. -21 Sept . Hamburg 

31 Sept. -23 Sept. Oslo ... 

2 7 Sept . -27 Sept. Stockholm 

27 Sept. - 3.Q Sept. 'Helsinki 

30 Sept. -1 0 Oct. London 
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Institution and Address 

Mineralogische s Institut, 
Grindelallee 48. 

Mineralogisk-Geologi sk 
Museum; 

Oslo Univ . .ersity, 
Sarsgt • . 1. 

Geologisk Museum, 
Frescati 50. 

Scientists 

Professor 
T . A. Schrodel 

Professor 
T. F. W. Barth 

Dr. H. Neumann 
Dr. R. H .. Filby 
Mr. Bruun 
Professor 

I. Oftedal 
Mr. Brynhi 

Dr. 0. Gabrielson 
1. Dro. Per Geijer 

Geological Survey of Swede·n, 
Sto.ckholm 50. Dr. J. Eklund 

Mr. B. , Runnholm 
Dr. Gote Ostlund 

Stockholrns Universitet, 
Dr-0ttninggatan 116. & 

Geologinen Tutkimuslaitos 
Otaniemi 

Helsingin Universitat 

Overseas Geological Surv., 
64-78 Gray1 s Inn Road. 

Professor Sven 
Gavelin 

Dr. Rayment 

Dr. Alti Simonen 
Dr. H. N. Wiik 
M. V. Hoffren 

Professor 
M. 0. Sa.ksela 
' Dr. Waasjoki 

Dr. S. H. Shaw 
Dr. K.A. Davies 
Mr. T. Deans 



Date 

30 Sept. - 10 Oct. London 

Cambridge 

10 Oct. -13 Oct. Oxford 
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Institution and Address 

B:tit~i;;h Museum of Natural•. 
History, 

Cromwell Road. 

Atomic Energy D~vision, 
Geological Survey of Great 

Britain, 
Young Street Office. 

{Royal School of Mines) 
Imperial College of Science 

and Technology, 
University of Lon.Hon, . 
Prince ConsoiOt R 'oad. 

Department of Mineralogy 
and Petrology, 

Downing Place. 

Department of Geophysics 
·' 

Department of Quarternary 
Research. .. 

De.partment of Geology and 
Mineralogy, 

The University. 

S.cientists 

Dr. M. H. Hey 
Mr. P. Embray 

Mr. H. S. U. Bowie 
Dr. A. G. Darnley 
Mr. J.E. T. Horne 

Professor 
D. Williams 

Professor J. Sutton 
Dr. A. P. Millman 
Dr. I. S. E. 

Carmichael 
Dr. J.R. Butler 
Dr. G. P. L. Walker 

Professor W. A. 
Deer 

Dr. J. V. P. Long 
Dr. S. O. Agrell 
Mr. J.H. Scoon 

Mr. J. A. Miller 

Dr. E. H. Willis 

Professor 
L. R. Wager 

Dr. E. A. Vincent 
Dr. B. W. Evans 
Mr. A. W. G. 

Kingsbury 



Date 

10 Oct . -13 Oct. Oxford 
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Institution and Address 

Overseas Geol. Su:tV. 
Dq.ting Group, 

64-78 Gray1s Inn Road 

16 Oct-17 Oct. Manchester Department of Geology, 
University of Manchester 

18 Oct. -20 Oct. Aberdeen Aperdeen University 

Macaulay Institute for 
Soil Research 

Scientists 

Dr. N. J. Snelling 
Mr. Eric Hamil top 

Professor J. 
Zussman 

Dr. W. S. 
MacKenzie 

Dr. R. A •. Howie 

Professor T. C. 
Phemister 

Dr. Fraser 
Dr .. Munr·-0 

Dr. R. L. Mitchell 

3-1 ADMINISTRATION, ORGANIZATION, BUILDINGS, ETC. 

Information on tihe administrative organization of vario.u-s 

Government Institutions aJid of Univer·sities was obtained incidentally to 
t•r . ,. .., ,, 

discussions of other matters . In most instances therefore, it is brief 

and incomplete. 

Belgium 

Institut Royal de Sciences Naturelles 
Musee Royal de l1Afrique Centrale 
Universite Lib+.e (Brusse ls) 

In Btussels Free University, the Institut Royal de Sciences 

Naturelles (Dr. P. Sartenaer Sous-Director <le Laboratoires ), and the 

Musee Royale de PAfrique Centrale, (fit Tervuren), are all engaged in 



- 8 -

geological re.search. There s~erne to pe some .overlap in functio'hs of the 

two latter organizations, both of which have extensive collections. The 

Institut Royal de Sciences Naturelles .is housed in a. magnificent new 

19·storey building with a huge storage wing .which is largely air-conditioned 

for proper stqrage of biological and other specimens. Luxurious office s, 

·1aborator~es and pubUc spaces in this building are unique in my experience. 
. . 0 

grounds. 

. ) .r . • '.,~ "· 
' ' 

It is· be1ng pragressivety l!'enov~ted ,for its n~w use .~ 

·At t he Un~ver sity 1 .only. tl;le .Nuclear , Physics _Centre under 
. '· . . ' ) 

Professor Piccio'tto was visited. He~e the laboratories are scattered in 

yario~s ba,sement ~,t ooms and special plastic ho()ds c over work in progress. 

11 .• Nev~:theJ~s'l'" ~.~e·t'ffdl~~~:ratorieS • hawe made .ma~or_ c.ont11ib~t~5~p~ 1 . 9-nd .. their 
0 •. - :- ' :· . 

., .. ' ., 

staf! ~bµ.s..-are .a,'Qle. and enth~siastic. 
. . . '· 

I yas pai;tic~lf-rly 1mpref;lsed by 
I, ' '"' 

ih.e ~ii~!a.p~ p,;i;,~f'l.u~,tj_v~~ scie~tific G~~~bora:tj.on wiJh U.ni:n~r sities elsewhere 
·~· . .. ·-- · . • • .- • • • • • !L ~ ... • • • .... :· 

... ,. ... 
group. 

Finland 

Geological .Survey of Fi·nland 

The Geological Survey of Finland is in a new functional 
'· . 

building at Otaniemi4 approximately 10 miles from Helsinki. It is one of 

a g.r.:oup of labora.tory,and r ·esearch buildings scattered through the forest . 

Roads leading to these buildings are narrow and not landscaped so that on 
L: . ' 

a first visit ~ne weint!l-ers wliet<her tihe itaxi_.Glriv·er knows ihiis way. 
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The Finnish Survey is a vigorous organization which has 

been given strong government support as a result of its contributions to 

the discovery of several flourishing mines in the post war period. In 

mentioning this, Dr . Simonen stressed the importance of embodying the 

prospecting functions of government in the Geological Survey. It is 

estimated that another 60 years will be r ·equired at' the .p:resent rate .to 

complete mapping at a scale of 1: l(!)O, OOO •. Empha.isis -is. on pr.oduc~ion . of 

geological map's "but a considerable number (;!-p.ro.ject studi.es are also 

undertakep. They use university students as .fie1d .assistants .in.much the 

same way as we do. However, the whole country is well served by roads, 

so that little use is made of aircraft. 

They are organized in 4 departments: 

1. Petrology - primarily Precambrian mapping and includes mineralogical 

?i .- .. . 
and petrological studies. 

2. Ore Department - which is the prospecting arm and combines Economic 

Geology and Geochemistryo 

3 . Pleistocene Department - with which the radiocarbon laboratory is 

associated. 

4 . Chemical Department - which includes most of the laboratories . 

The Geological Survey of Finland seemed to be more 

similar to the G .eological Survey of Canada in all aspects than any other 

organization that I visited. 
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University of Helsinki 

The University of Helsinki has departments of Geology and 

Palaeontology and of Geology and Mineralogy. The latter under Professor 

Saksela has Professor Rankama and Sehama on its staff. The building is 

old but ornate and is to be evacuated by geology in favour of a discipline 

to which its architectural design is better suited. 

France 

Bureau de Recherche s Geologique s et Minieres 

.In France the-re is no geological survey analogues to the 

G. S. C. Apart from •ar-eaL mappialg2,- theoihstitution most closely resembling 

ours is the Bureau de Recherches Geolbgiques et Minieres which com~ines 
' 

many functions of the Canadian Geological Survey, Mines Branch, Mineral 

Resources Division and Crown Compa.nies such as Eldorada Mining and 

Refining . A complete listing of-thi:s organization was given to me and is 

now in the library under the title 'LBureau de Recherches Geologique s et 

Minieres - ~rg.anization des $ervices". 

Its Presidi;!.nt i~·-M••Pre, Governor of France d 10utre Mer, 

and it is directed by an ~dminist-t-abive' council made up of officers of state, 

of commercial organizations .and ·0£ University professors etc. It has also 

a guiding scientific committee made up of professors and officers of various 

research groups. 

The B. R. G. M. 1 s technical re sponsi bilitie s may be divided 

into two main groups. 
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(i) Geology and Prospecting 

{ii) Technical Assistance and Missions 

Geology and Prospecting has 5 divisions: 

1. Geology Department; Mr .. Cestany, Chief, comprising water resources , 

general and sedimentary geology, geology of coal, geology applied to 

nuclear energy, hydrogeology, engineering geology and geological 

information. 

2. Mining Geology Department; ·Mr. Lambert,. Chief. 

3. Geophysics Department; Mr. Bolla, Chief, comprising gravity, sub-

surface geophysics, special studies and topographic and cartographic 

studie~. 

r 
4. Department of Statisticai Evaluation of Deposits; Mr. Matheron, 

Chief. 

5. Laboratories Department; Mr. Guillemin, Chief , comprising 

chemistry laboratories, geochemistry laboratories, mineralogy, 

study·of deposits, crystalline petrography., and geochemical 

prospecting~ 

Although the larger part of this group is situated in Paris, 

it has associated laboratori es in Nancy and Clermont-Ferrand, and branch 

offices throughout France and its overseas territories . Through its 

scientific committee the B. R. G. M. is kept in close touch with the 

Geological Mapping Service of France, the Agricultural Research labora-

tories, the main Univer sities and the Resear ch Centre for studies of the 

Sahara. Activities of the metallurgical ~le search, collaboration with and 
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assistance to private companies etc . were· not discussed. 

r. 
National Mineral C6lle~tion 

The hand some building housing the magnificent national 

.mi.neral· collections of France, has been closed for repairs for some 

time and the mineralogical laboratories attached to it (Professor Orcel) 

appear to be in need of modern equipment. 

University of Paris · (Sorbonne) 

Geological visitors to the University of Paris (Sorbonne) 

may not realize that in addition to the extensive laboratories at 1 rue 

Victor Cousin, there are also laboratories in Applied Geology under 

Dr. G. A. Deicha at the Centre National de la Recherche Scientifique 

at 191 rue Saint-Jacque so Unfortunately I learned of them only when I 

met Dr. Deicha in Germany. 

Another institution worth visiting in Paris is "L 1Ecole 

Superieure des Mines de Paris", which is devoted primarily to applied 

science studies. 

Germany 

University of Gottingen 

Geology at the University of Gottingen is divided into 

three Institutes, partly to facilitate raising funds and partly to provide 
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chairs for full professors~ The. three insti.~utes are: Mineralogy and 

Crystallography, Mineralpgy and Petrology, and Sedimentary Petrology. 

It is expected that in the· near future an Institute of Geochemistry 'will be 

added. Although the mass spectromet~r laboratory is the only new building 

at Gottingen, I was impressed by vigour of the staff and the high calibre of 

the research being done. 

University of Hamburg 

J:he new: Institute of Miner_al9gy and P~et~ology a._t the University 
'°r~ ' • I ' ! I I • ! t • "'\. ' •· 

of Hamburg i 's. hou~_eg; in its own rp.od.ern lab.orator.y building. Thi.s bui'lding. 
. • . l ~ ~ t 

is undoubtedly the best designed functionally of all those that I saw on this 

trip. Certainly any Canadian University contemplating a new Geology building 

would be well .advised to obtain plans from tJ:?..e University of Hamburg. The 
. :·.- .-rJ; . ': . • - . 

Institute specializes in crystallography, crystal physics, geochemistry. and 

physical chemistry. Separate analytical laboratories are provided for geo-

chemistry . I did not visit the Institute of Geology and Palaeontology . 

University of Tubing en 

. , At Tubingen the or•iginal University build~l1gs . are in the old 

castle that domtna·t'.es the town. The meetings however were held in the 

exceptionally spacious and handsome a.dministration building, now about 

100 years old . The Mineralogical Institute shares a modern and well-

equipped new building with the Institute of Chemistry. There is a 
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separate Institute of Geology and Palaeontology. 

Great Britain 

Briti sh Museum (Natural History) 

The British Museum (Natural Hi'story) has one of the 

World's finest collections of rocks -, minerals and meteorites. Re search 

is governed lar-gely by interests of individual members of staff. _X-ray 

-equipment is · v~~y good indeed but other laboratories are not impressive. 

! • - .. ,. ,. ·11. ·,,. ' 

~;: •No ·me-ntfo:ti-'was- :made of collaboration with the Geological Survey of Great 
""'! • ' 

Britain • . ·Apparently tlie Museum functions in pa~t a-s an. independant 

research institute. 

Geological Survey of Great Britain 

The Atomic Energy Division was the only branch of the 
• t 

Geological Survey of Great Britain visited on this trip. It is almost wholly 

separated from the main Survey both in location and in functions, and 

salaries of its staff are paid by the Atomic E~ergy Authority. 

Work of this division has been reduced as interest in sources 

of uranium, thorium and beryllium has subsided., Had the division been 

established at a later date, it is pr.obable that it would have been assigned 
. .....,. ' . 

common that it ha·s W:ith its pre sei;l,f P~:\"irnt body. 
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Field work of the division has been primarily in Common-

wealth countries, largely in Africa. Its mineralogical and analytical 

laboratories are modern and its dwindling staff is composed of a very 

able mineralogists and petrologists. It has plans for a geochronological 

laboratory that would parallel those of the Over seas Geological Surveys . 

My understanding is that other divisions of the Geological 

Survey are devoted to local studies in Great Britain in even greater detail. 

The association of a museum with the Geological Survey and its relationship 

to the · Britis~ Museum (Natural History) was not ascertained. 

l rnp'erial I:n'.stitute 

No attempt will be made here to unravel the many schools 

that constitute the University of London. Only Imperial College of Science 

and Technology was visited. There geology is taught in the College of 

'Science and in the Royal School of Mines. The latter course is equivalent 

' 'to c ourses of Geology in Applied Science faculties in Canada. The combined 

resources of Imperial College comprise the largest and most comprehensive 

department of Geology in Great Britain. 

· Macaulay Institute for Soil Sciences 

The Macaulay Institute for Soil Research at Aberdeen is 

·' ' 

····po·ssibly the"World 1 s best known organization in its field. It is a private 
.I I • ! 1 

l • 

cbthpany'b~t has been giv~n extensive financial support from Public funds. 
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It is interesting to learn that in administration and personnel matters, 

i t is modelled on the Civil Service. It has a staff of 150 of whom 50 are 

university graduates. Its chief fields of re search are Pedology, Soil 

Survey (whose maps look very like our Pleistocene maµs), Biochemistry, 

Spectrochemistry, Plant Physiology, :Microbiology and Soil Fertility. 
I \ • \. 

The Institute was established in the house and outhouses of 

a large estate. Its large new building was occupied about a year ago and is 
' I 

being extensively ez:ilarged at present. , .Cost of the whole building, including 
f__ 1_ ' I • ' I • {· \ I r J I• ' · 

access roads, was 7:0:0 per -square foot. The building is primarily 

functional in design and has two floors aJld a basement. Its machine .. sP.op 
-.. : ; .. 

has a floor space of 40° x 40 1 with adjoining space for offices, stores etc. 

Overseas Geological Survey 

The Overseas Geological Surveys are in new quarters at 
I ' 

64-78 Gray1 s Inn Road. This organization is supported by the United 

Kingdom to provide specialized services to the geological surveys of the 

smaller overseas territories. It collaborates with the ore-dressing and 
( 'I t =: . 1 I 

mineral processing laboratories of the Department of Scientific and 

Industrial Re search at Warren Springs, Stevenage, with the British 

Museum (Natural History) and with the .Peological Survey of Great 
I ~ ' J : • ~ I I -. r f I 

B r itain to provide services that are not available in its own organization. 

It is subdivided into three main divisions. 

1. Mine ral Resources Division , which maintains modern 
., I . ' 

c hemical, ,mine ralogic~l, spect_rogr~p~~.c, v'X_-ray_ and . ~e .ramic laboratories ; 
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provides a mineral intelligence service in fields .of statistics, mining 

law, technological development and marketing trends; and through 

collaboration with:Warren Springs provides ore dressing investigations. 

Laboratories of the division itself are notable for their progress in 

mineral separation. 

2. Photogeological Division, which·provides interpretations 

and prepares reconnaissance geological maps from air photographs in 

collaboration with Overseas Geodetic and Topographic Surveys. Officers 

of this division travel to various territories and coordinate this work with 

visits to the field. 

3. Geophysical Division provides standard ground geophysical 

equipment and staff for surveys in various territories as required. 

In addition financial assistance is provided to a team of 

geologists working at the British M~seum on identification of palaeonto-

. 1 

logical material from over seas territories. 

Two members of the staff have been seconded to the geo

c hronological laboratories of Ox.ford University and provided with the 

necessary equipment to supply age determinations required by Geological 

Surveys in the Territories. 

Bursaries are provided for work on the Geology and Geo

c hemistry of various territories by University staffs and others. 

University of Aberdeen 

At Aberdeen University there is a single department of 

Geology . It is housed in one wing of the main University building and 
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seems to need more space for laboratories and research. 

University of Cambridge 

At the University of Cambridget separate chains of 

Geology, Mineralogy and Pe~rology and Geography comprise the Faculty 

of Geology and Geography. Geophysics is in an old house called Madingley 
' . . 

Rise on the Madingley r<;>ad. Its mass ~pectrometer laboratory is 

established on the edge of the .University farm and regrettable gardens 

are used for landscaping . The Radiocarbon laboratory is at 5 Salisbury 

Hill, Station Road and is part of the silbdepartment of Quarternary Re search 

of the Department of Botany. The department of Mineralogy and Petrology 

flourished under Professor Tilley and is well housed (at Downing Place) 

and well equipped. 

University of Manchester 

At the University of Manchester the department of Geology 

has excellent quarters and very good laboratories in a relatively new 

building. All geological. sciences are combined in the one department. 

University of Oxford 

At Oxford all aspects of geology are taught in the depart-

ment of Geology and Mineralogy. This department is closely associated 

with the Museum, where there is a curator of mineralogy. The department 
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is housed in a substantial building to which many temporary additions have 

been made. These are to be torn down and a large new wing built to provid e 

adequate laboratory space. 

Netherlands 

Nuclear Re search Laboratories 

In the Netherlands, nuclear re search laboratories have been 

established as a state operated institute to serv e all disciplines. Mas s 

spectrographic analyses for purposes of i;Jeology are made by the labor -

atory and resu-lts .. are _e:valuated .by geologists. 

Universities in Amsterdam 

In Amsterdam, there are two major universities; the older 

and larger University 0£ Amsterdam and the state -operated Vrije Univer 

sity. Both have depar~ment s -of Geology. The Vrije University is 

scattered in buildings throughout the city but a magnificent new campus 

is being developed on the outskirts. 

Norway 

Geological Museum 

The most vigorous programme o~ research in Norway is 

being done in the Geological Museum at Oslo, founded by Goldschmidt and 

now directed by Professor Barth. The museum links to the University are 
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tenuous a nd it appears to operate more as a reS!earch institute than as a 

museum. Fields of inte rest include petrology, mineralogy, geochemistry, 

ore deposits a nd r adiochemistry. The last is being developed for them by 

Dr , Filby, a Canadian from McMaster. I also met Dr. Vokes who left the 

G. S, C. to join the Museum staff. The museum is generally well equipped 

and has an excellent rock analysis .laboratory, as, we·l!l are va·rious i:n·stru

mental laboratories. 

Geological Survey of Norway 

The Geological Survey of Norway -is in 'the pro·cess of moving 

from Oslo to Trondjheim. A few senior office rs only were granted leave to 

remain in Oslo. As a result of the move, I was informed that a majority 

of the younger and abler geologists have left the Survey, with the result 

that at Trondjheim the man next in se~ority to the Di'rector is only 33 

years of age. 

Uriiver sity of Oslo 

The Geology department of the University of 'Oslo under 

Professor Oftedahl is housed in a n~w b{idding 'but is as yet primarily 

a teaching organization. 
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Swecf~n 

Geological Survey of Sweden 

In St9ckholm, the Ge61bgical Survey of Sweden and the 

Museum are housed in opposite wings of a single building. The Geological 

Survey has,a ·se·cond adjacent; building of 3 storeys that houses its labor-

atories. The laboratory organizciti'on is in three sections each with one 

floor of the laboratory building1 to .itself: . 1. Chemistr'y 'laboratories, 

which include wet and instrumental.methods and X-ray diffraction and 

,, . f~uore sc;ence; 2. , Ge.ochemi.stry1-which is wholly based on emission spectra-

graphy and 3. Geophysics, whiCh combines prospecting methods with a 

soils laboratory • . 

The Radioa:ctive :Dating Laboratory which combines c 14 

and tritrium analysis is listed as pa.rt of the Geological Survey of Sweden 

b:u.t is in f~ct. governed by a · boar·d of directors rep re sertting the Royal 
. ' 

Academy of Antiqu~ties, and the University of Stockholm as weU as the 

Geological Survey~ Part of its fund ·s have 'beEin contributed directly from 

the King• s private purse because of his personal interest. 

I was interested to learn that the Swedish Survey binds all 

notebooks and catalogue s them. It also retains and catalogues all field 

samples .. Dr. Geiger an ex-Director tolq rne that recently he required 

specimens from an a ·rea he had mapped 50 y~ars previously and they were 

in his hands iri an hour. 
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National History Museum 

The National History Museum is a separate entity under 

the Royal Academy of Sciences •. It has excellent geological collections 

but the.re is relatively little research being done in geology other than 

Dr. Wickman' s work on age determination. Isotopic analyses for this 

are provided through Dr. Welin of the Atomic Energy Commission. 

University of ~ockholm 

' The University of 'Stockholm· has ·separate departments 

of Mineralogy and Petrology and of General -and Historical Geology. 

They are currently housed 0 in old buildings" but expect to have new 

buildings provided soon adjacent to the Geological Survey. There seems 

to be quite a high degree of collaboration and integration of work between 

the university and government departments. 

Switzerland 

University of Basel 

Geology,at the University of Basel is divided into two 

institutes which are both housed in· one well appointed building. De spite 

this proximity, I received the impression that- there is rather little 

collaboration between the two. The Institute of Geology comprises 

Palaeontology, Stratigraphy and Geophysics and the Institute of Miner -

alogy and Petrology is made up of mineralogy, petrology and chemical 

geology. 

,, ' 
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University of Bern 

At the University. of Bern there is an Institute of Geology, 

an Institute of Mineralogy and Petrology (Professor Niggli) and the 

Institute of Physics (Professor Houtermans). T.he latter two collaborate 

closely in the field of age determination, Dr. E. Jager doing the geology, 

chemistry, and mineralogy and Dr. Geiss and others doing the mass 

spectometry in the excellent new Physics Institute building . I was 

impressed by the coordination of research in this field between Swiss, 

Belgian and German Universities and the age laboratories of the 

Riksmuseum in Stockholm. 

3-2 AGE DETERMINATION K/ Ar, Rb/Sr, Zircon, Os/Re, etc. 

In Europe, age determination is carried out largely on a 

cooperative basis. Geology, collection of samples. and mineral segre -

gation may be done by one organization, chemical preparation by another 

and the isotope analysis in yet another. It is difficult, therefore to discus s 

this field of endeavour coherently. In the following notes, mention will be 

made of K/Ar, Rb/Sr, Pb/U, Pb/Th, 1ore leadl Al/Be and Re/Os methods . 

Radiocarbon dating is described under a separate heading. Details of 

equipment are described under the heading. of •mass . spectrometry'. 

The Physics Institute at the . University of. Bern is a major 

centre for isotope studies and has carri.ed out the isotopic analyses for 

several of thP European scientists interested in geochronology. Methods 



- 24 -

in use at this institute are Pb/U including work on zircons, Rb/Sr and K/ Ar. 

There are 6 mass spectrometers in use at the institute . 

Currently Dr .. E. Jl:tger of the Mineralogical and Petrological 

Institute at Bern is working on Rb/Sr and Pb/U dating of alpine rocks . She 

collects the specimens , concentrates the minerals and does the chemical 

separation but the isotopic analyses are done in the Physics Institute. 

Dr. Grtinenfelder at Zurich is primarily interested in dating zircons. 

He does the mineral separation and chemistry but the isotope analyses are 

made at Bern. The Physics Institute now has a mineralogistt Dr. Grogler 

on staff for geochronological studies of Austrian rocks. The necessary 

chemical preparation and analyses for him will be done at Zurich. 

Emphasis at Bern seems to be largely on zircon and on 

Rb/Sr dating. Relatively little work is now being done on K/Ar. Of 

particular interest is the work being done by Dr. Hirt on the Re/Os 
1 ~ • 

m ethod using material from Professor Herr of the Max Plancke Institute. 

" 
(It may be recalled that we supplied coeval uraninite and molybdenite from 

Bancroft to Professor Herr for his study). At present the half-life of the 

187 decay of Re is not sufficiently well established for the method to be 

reliable. While in Bern my attention was drawn to the possibility of 

using A126 /Be 10 ratio;s to determine age. Professor Lal at Bombay is 

investigating this pos s ibility. 

Lead isotopes are analyzed by a solid source mass spectro-

meter. Lead is deposited on a rhenium or tantalum filament as the sulphide 
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from NH
4
N0

3 
solution and the ' l'ead ·must bei extfemely pure. Alternatively 

Pb(N03 )2 is evaporated to dryness and ' taken up in a drop of concentrated 

boric acid , This is dried to form a bead on a tantalum filament. A single 

filament is preferred to a tl'iple filament to ayojd possible impurities. 

Traces of Sn or Ti are found to seri:'ously inhibit ionh~ation from solid 

source filaments. 

When dating mica by. the Rb/Sr met~od, it has been found 

that the commo·n strontium content 0£,·mica should be .less than l microgram 

per gram of mica. Minute apatite needles in. mica -are the most common 

source of strontium contamination. In order to facilitate separation of Rb 

and Sr in the mass spectrometer, a ·s-econd -fila:ment. or heating unit is used 

t o drive the rubidium well away from the source before analysis of the 

strontium is begun. Usually analyses of pbta&BiUm, .rubidium and 

strontium in that order are done on each sample in the mass spectrometer . 

In the o.srhium/rhemum. m.eJhod, the chemi~al separ.ation is 

... 
done by' Profes'&o.r Herr..- '.: Total o·~mium:,and· .rhenium contents , of .samples 

are determined by neutron activation. Gsmium is converted to osmium 

tetraoxide, a solid with a ·Mgh.:vapour Presaur-e ' which-i·s : :Stable only in 

the presenc'e of exce·ss oxygen. The sample' tuhe is sealed to ,the sample 

line of the mass spectrometer · and the o·sn:tiUin t~traoxide\ is frozen .down 

by liquid air and the oxygen pumped away-t- ·Osmium is then allowed to 

evaporate into the mass spectrometer at aitemp.erature slightly above - 7 8 ° C , 

Flow is controlled by temperature • . Osmiu,m r~~t,rap~ide is very ·active 

chemically and will oxidize most component-s of a mas'S spectrometer. 
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lt is therefore allowed to be in contact only with glass, teflon and gold 

plated filaments~ Usually a sample containing 100 micrograms of osmium 

is sufficient. 

I was informed that .Pr1'.}f~ssor Rogues at Clerrnont-Ferrand 

is determining ages by the Rb/Sr method, and that nearly· 200 dates on 

African samples will soon be published. This work is being done under 

the aegi~ 'Of Bureau de Recherches Geologiques ·et Minie:res. 

In Amsterdam age determination has only recently been 

undertaken and work was i·n progress on ziT-c-Ons. Lead is ·expressed 

frorn zircons in a quartz tube ·oentered in 'a, graphite cylinder and heated 

in a high frequency induction furnace. Temperatures up to 2200°C. are 

used. The lead deposits on the walls of the quartz tube, and is applied to 

the solid source as PbS. All work is per.formed in the laboratories of the 

new National Nuclear Resea-rch Centre ·by •Dr. Boe.lrijk arid hi'S as·si=stants 

on samples supplied by University geologi·sts. 

In the same laboratories ·preparations are being made to 

determine tht; palaeoten1perature of marine shells by measuring the 

isotope ratio of the oxygen (0 16/018) in their composition. It is expected 

that the shells will be burned at ·900°c to vyieltl co
2

• 

Thermoluminescence is a·possible means of determining 

the length of time rocks have been buried und er a glacier. The method, 

which is being tested at Bern, is based on the fact that electron traps in 

minerals that are emptied at normal temperatures may be filled in the 

colder temperatures under the ice. The degree of filling is time dependent 
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and may the~~f~.~7. ~~ u~e~ ~o. deter~~~e ~~r.~~~~n~ /Jf buri.,,l u nde r ice. 

Dr. Wic.~man: who ha.s· lon:g been 'known for hi s interest 
; ! " 'J,' 

in ag~ determination, i s senior' ·curator; ofi 1minere.1:ogy in the Natural 
': •' .!toM O ,._, l l 1 • 

History. Museum h~, Stockholm . ' He h a s ' coope:rilted 'in papers with 

Dr. Jttger and now does much 0£ 1hl.'S work' iln: tto1la boration with Dr. Welin 

of the Swedi-sh Atomic Energy Commission who mak es tht!"i.sotopic 
. . : I . , 

I visited Stockholm. 

A fai r ly iarge number ~ of. ore _lead ages 'froT,n ·Swedish ·· 
' I , _ ., 1-· 1. •· ! . I • 'I' . .,: l:·· · .'1 .• l ;i.''•,.·. ' . 

deposi ts o,f. C~le d~~i~n · age have b~e~ c~;n1P~~~d',b~, ~ickman on 4 different 

mathematical models. Some of thes~ checl;<'W'itih P,b/U ages and With 
1 ' • i ' ,., ... 

geological : data hut ·a la~geli".
0

' nurilrbel' · a:re ;- '~itonta_lous. ', These reSU:lts ·are 
, I \ , : ! , . l • ,- • 

to be pubii.shed by
1 

Wickman a nd Jttger: in • t.he · 4.rk~r turtM i n e.ta:logiE: ih i·9'62. 
• . . . • r · r 1 ,. ' ' '! . . 

At C~mbridge the new age· lab6".ratory is concentrating on 

K/ Ar determinations . They have shown a great dea1 of initiative and have 

a l ready .. d e ter mined ages on<bi~tite, . m:us:e0vite, _ ~mphibole, pyi!o:Xene, 

sanidine, felclspar, basalt a nd hormels . ~.fairly ext~nsive pl."ogramme 
\· ' 

of d atin~ mic as from th~ Moyne Schists gay--;: resuits that checked very w ell 
/, ii '· f 

with w o rk done independ~ ntly by Rb/s~~ at Oxf-.Grtl. _ . 
. ' . ' I 

Using ung round piece s -1 of wh,ole,_ rock a:rttffu~ing them 
.. ' ' ' .. ' _1,:, ' ; • . • . 

dire ctly wit h an i nduc t ion furnace, they: have obtained. rea·sonable ages on 
' . _' . .... ,..: :.· ': ! l-1(·.·.· : .\';"I . . ( ' 

known Carboniferous basalt a nd Pr,ec~mbria,n hornfels .f:rom the Charnwood 
., "'." • .., \ I I ! ' / • ~ • ~ ~· ,J • , . , . , 

area ( 1 OOO m . y . ) • . They are ll()W $oing. ro ~X:Y ~h~,s 1 ~~ale rock approach on 
' .. . ;. . ' . 

Charnwood syenite ', ~n granit e and on older. l;>asalt. Evi dence so· far 
, r) L. (I ("I (-l' J l _J "· 
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suggests that fine -grained basalt yields bette r re s u lt s t ha n t he coarse -

grained fades . 

They have evidence that suggests that argon in micas 

occupie s 2 sites, o ne a high e nergy s ite and t he ot her requiring only low 

ene r gy to drive i t off. · They plan t o test . this by determinin g ages of micas 

in the Moyne Schists at various distances from the intrusive strontium 

granite to see whether they are transitionally lower as the granite is 

approache d or _ if tJ:iere . is ·;~ ··step~~i~_e bi:-eak,in the curve • 
..::: • .I. ' l ,.. , 

A good many innovations in e_quipment have b~en developed 

a t Cambridge and these will be described in the section under mass spectro-

metry. They are remarkably productive and had determined 61 K/ Ar ages 

between June lst and my vi.sit to the laboratory on October 3rd. 

In di scus-sing .the pattern of age-s determined in Sw-eden, 

Dr. Eklund compared the·m with those of the Canadian Shield. In southwest 

Sweden ages are uniformly equivalent to the Canadian Grenville at about 

1000 m. y. This group ef ages have been determined on granites, on 

highly meta morp ho sed ·· rock s 1 ·a n d. on r ocks. of very low grade metamorphism. 

To the nottheas't this belt of ages -have·-been determined on granites, on 
. • ·, 

highly metam orphosed rocks, and .on rocks of very low grade meta-

morphism. ro ti:ie n'o,:rtheast_ this .b~lt of ages gives place to a general age 

of about 1500 m . y. In this area, a few ages greater than 2000 m. y. may 

r epresent a third and old er ' province. 

Dr . Eklund pointed out that the Swedish 1Grenvillen, like 

that of Canada , contains <'bundant anorthosifos 'wifh associated 'Fe-Ti · 
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deposits; whereas again as in .Canada, the Swediah sedimentary iron 

deposits are in ·the older 1500 m. y. area . 

In Finland, Dr. Simonen1s studies of granites included a 

number of age determinations by the K/ Ar ~ ore lead and zircon methods . 

He found that K/ Ar ages are usually less than tl~ose of the other methods 
! '• ·' ; ' 

on mine·rals that on gological evidence are .. thought to be coeval. He cited 

two examples : 

vs • . -: 
' ,. ' . 

and from another "rock, · zircon· age 2400 m .. y .. and K/Ar. . age 1600 m. y. 

He ·con:clude,,s th:at K/Ai- 'age·e . give ~nly .t1h~ ... ~~tes~ ,period of metamo.r .phism 

and that argon .is readily . lost.under thf;!· incr.e.as~d temperatures associated 

with metam~rphis~. He·be-1.ieves,· that ~ir.s<m ag_e~ ar.e likely to be the 
. ~ r r · . · . 

' ' 
I ' . 

be sf method of d'at'i:ng' fo·:Mna:tion ,of a ,1.grani,te ~ 

Prof~-s'sor Coh:en of the Mu·s.~~ ~?~~le de llAf:rique Centrale 
~:. . 

nea:r Brussels is interested 'pr.im.a:nily ,,i,n .age .det~.rmination of rocks from 
' . ' t .· .- •. · ' 

I I~, ._ -,. • 

the Congo 'and adjace~i':ter:17ftories. Mos,t oJ; his , work, has been concerned 
! 

with Pb/u ·aate·s fro~- va:ri0us uranium miaer-rls an~«zir con. He has also 
! ' 

! I 

found that 6o'% of or~ 1€a;d "Clit~s. ~re useiil1· b'tit does not trust them unless' 

\ . , · I -""·· '· ', - '· 

they ag:ree · with Rb/s:r·:"Clate .. s. Rb/S:r dat.e:o. hav~ l:!een measured on mu~covite, 
' ~ ' 1 ' I"' \ ~,.j I 1• t • I ~ • ' 

biotite. an:cl .-·whoie' ro<i-k~· He -beli'e.~e.s tha~.~/:.~~ ~g~ _$,,_.i;~,rve only to d~te the 
' ; ! / '<. : '{ • tl• ·• I , I• '• I -;,__. .., 

lat~ ~·~ p·e~·ro~r ~i_.ni~tam~rpM:sm · an.di: s.ai~' ~h.:a~- ~;)J.e~~i~~e s . ~ha~ . ~l;te 9.;~~~dian 

Shield i~ -' the oniy ~ne tha~ ca'fl.:he s~b-driff~d .~d,iOJ;i tM~ :hasis. 
. ' ' 1 I ' I ' I ·, ., ~ 

' . 

He judges a'.uthenti city of Pb/U elates by the degree of 
; . . l- I ·, 

I I/:·' 'I· -

concordance of the three ratios, buti find.a, th.f( :i?b./Th ratio is usually 
. , rl ! , 1•' ,· . 



- 30 -

anomalous. He does not believe that loss of radon is a factor in dis

cordance of. Pb/U ratios. In computing ore "leadc. ages, he does not use 

the University bf Toronto model. 'In general KV.Ar dates on bi~tite are 

lower than those on ·rnuscovite. 

In the Congo, Professor Ca.hen has established two con

sistent -pet'idds of intrusion at 520 and 6Z5 m. y. 

Professor~~Barth dted ''one: example· in which pegmatites 

had intruded ·granite and~·K/Ar a,ges (on biotite?) from the granite, 

decreased inward toward the intruding ·pegrnatites. 

Age· determinatiop is one of the services provided by the 

'Overseas Geological Survey. This is done by arrangement with Oxford 

University whPre Dr. Snelling ri.nd Mr. Hamilton work in the UniversityUs 

lahora:teries, where St. Lambert and Moorbath have established a well

known geochronological centre. Th'e laboratories are well fitted and are 

working primarily with K/ Ar and Rb/Sr methods.. A major recent paper is 

"A Geochronological Study of Metamorphic Complexes of the Scottish 

Highlands" by Giletti, Moorbath and Lambert. 

Work being done by the Overseas Geological Survey has 

been largeTy in the K/ Ar field so far. They are now preparing to date 

zirc·ons- and o.re leads and' Mr. Hamilton has established a very compact 

a.nd ingenious line to extra.·ct and convert lead from feldspars so that there 

is no likelihood of lead contamination from the air or reagents~ It is done 

in a teflon system using HF and Perchloric Acid to digest the rock or 

zircons. Lead is analyzed in a solid source mass spectrometer as PbS. 
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In their Rb/Sr w~rk they hav~ bel!n concerned over the 

possibi lity of progressive fractionation of..isptop~s in the mass spectro

meter. To avoid this, they have developed sintered tantalum filaments , 

These are made by placing a slurry of 1:1 Ta powder and Ta 2 0 5 in water 

on a tantalum filament • . This is evacuated in the mass spectrometer and 

heated by passing a 5-ampere cu,rrent through it. Sintering is almost 

instantaneous. 

They have also found trouble when liquid Rb/Sr standards 

are stored in polythene containers. Water loss is O. 16% in 70 days at 

room temperature. This is equivalent to concentration of Rb and Sr of 

2% per year due to loss of water. In bottles that are only partly filled 

the loss is greater. All: standards are now stored 'in quartz or glass 

containers .. 

3-3 AGE DETERMINATION - RADIOCARBON AND TRITIUM 

Only 4 radiocarbon-laboratories were visited at: 

Bern, Swit~erland (Dr. Oschger) 

Cambridge. (·Dr. Willis} 

Otaniemi, 'Finlarid '(Dr. Hoffren) 

Stockholm (Dr •. Ostlund) 

At Bern the laboratory is in the basement of the new 

Physics Institute building and therefore benefits from 5 floors ( 160 cm. 

of concrete) of shielding from cosmic radiation. As a result in a counter 

having a sensitive volume of 1. 5 litres with .acetylene at . 1 atmosphere 
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pressure, the background couht is only O. 6 c. p .. m. 

No. ring of anti-coincidence tubes is used in this counter. 

Instead there is an inner and· an outer shell that is so de\:5igned that 

external pulses _are not counted~ This counter is described in Helvetia 

Physica Acta, Vol. XXXI, pp. 117-126,. (1958). The main 1castlei is 

built of lead .r,at,he! than fr.on bricks which reduces the space required. 

In addition, lead is used instead of mercury as an inner shield. Oschger 

believes that bismuth would be the best inner shield • 

. Although acetylene is presently. the form in which the c 14 

is counted, Oschger believes that methane,will pr-0ve to be much more 

efficient because it can be counted safely at higher pressures (5 atms .. ) 

and because it has much better counting_ characteristics. It will tolerate 

I OOO times as much i:p'l.purity as will C0
2

• With a 5 litre counter now being 

de signed, filled w~th .methane at 5- atm. it is expected that it will be 

possible to determine ages as great as 60> OOO years without enrichment .. 
,, ' 

Tr~tium from meteorite.e is also meas.ured in this laboratory, 

in the form-of ethan!'!• The ethane is made by mixing hydrogen and ethylene 

and circulating the mixtui;'e over a palla.diurn catalyst at 200 °C. 

At Cambridge the radio.carbon laboratory is in a single 

storey prefab,riqated building that pr.ovide s virtually, no intrinsic shielding. 

The 1castle 1 and inner shields are standard except that Willis believes that 

lacking shit=lding from the buildirig, paraffin _shie-Iding is u&ele s s.. Radio-

carbon is counted as co2 at 3: atmospheres pressure in a counter having a 

sensitive volume of lo 1 litres. In this counter the background count is 
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8 c. p. m. and modern woof) is .FT .c . •p. m. A new 2 -litre counte r was 

neal'ly ready for operation at the time of my visit,. 

Rather .than storing their samples a~ COz, they burn them 

in oxygen to vleld co2 ·ahd""fhe co2"is \hen p::.-ecipitated as BaC03 in which 

,~t~t~ , it i:s stored.- When it is o be c~unted, the COz is liberated by ... 

: led ,i!lt.o the counter. 

Willis ·is particularly-pleased with the anti ..,coincidence 

tube s made by Twentieth Century Electronics, New Addington, Croydon, 

Surrey. Before use he· checks these with a ra:temeter and has found they 

have a long flat plat eau of 250-300 volts • . He refills his own tubes and 

can replace, all .of them in one·week. 

·The laborat o.ry is wo rking n:iainly on ' samples provided by 

the University'~ sub-department of1 Quarternary Research. Stu dies 
• .1 ,- l J • ! 

include cl_ianges in sea <lev~l; late •glacial l"nove_me·nts, recurrent surfaces 

in peat bogs, (here a cyclic process of. 6·00 years duration is indicated); 

bomb carbon monitoring_ <ind ihe time for atmospheric equilibrium to be 
I 

1 • 

achieved~ 

. At ·Otaniemi, the radioca·rbon laboraitory· is a part of the 
. . ' . 

. ( .. l 

,Plei,i;t.ocene Department of the GeofogiCa'l Survey of Finland. It is in the 
J • ~ •• 

basement of -a modern· concrete bu!ilding"with)about"5 'floors above it. 
" . • .• , ~· . • • J ... ' 1 .' 

Compared with other: castles that' I had "Seen,' l!'thought•the ·one in this 
' ~ , , \. ) • ._ r • · •'.°" J '! ·- ,. '. \: _ \. 1 "\ I _\ _ •. J • :_ 

I , 

laboratory v.:as- rather< lightly 
1 
built, ~rid, t~a_t .. ~~ ~~\~~~~etry ',c1oul~ . ~\ tnuc h 

improved. The labo.ratoti.ty i:s onl
1

y' ~ecently in_s~alled and is t o use the 

• ( \ J I ; -, ,• ( ·' 
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,, 
De Vries type of counter. Their pre sent counter has' a sensitive volume of 

1 litre and counts co2 at 3 atm. For reasons as yet· not ascertained, they 

have a high background of 13 c. p. m. amd a net modern wood count of 17. 3 

c.p.m. 
I '·' 

In a rather hurried visit, I ·was not able to discuss details 

with Dr. Heffren. However, I understand that the.ir work is very largely 

devoted to geological samples collected by Survey personnel. 

The Swedish radiocarbon laboratory is housed in the base -

ment of the Natural History Museum and is the largest laborat0ry v;isited 

by the writer, It has a board of governors on which the Geological Survey 

of Sweden, The Royal Custodian of Antiquities and the University of 

Stockholm each bas 2 representatives. The seventh member .is Dr. 

O~ tJ 1 md, chief of the laboratory. 

There are to be 4 radiocarbon and 1 tritium counters . in 

three castles~ The staff consists of Dr. Ostlund ;· l chemical engineer, 

1 mechanical engineer and 2 technicians. In addition technical help in 

electronics is provided by the Nobel Institute. Samples analyzed are 

35% geologi~a~, 3,5% archaeoI9gi~al, 1..:~}% for · ~.e_oi;>hy.sics and 15% for 

paying custo1ners, The board of governors decides what samples shall 

be counted. 

Shielding from the large museum building is probably equi-

valent to 5 floors of concrete. The castles are stan<lard.;excep~.that old lead 

_, 

(from a church roof 1.80 years old) is used in place ,of the inner mercury 

Shield, and this in the l litre counter, reduced background by O. 3 c. p. m. 
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Equally good lea-d for this purpose1is Boliden1 s LaisvaU A-bly. Inside 

the castle, each counter has its own ·ring of ,anti-coincidence tubes. co2 

is counted at 3 atm. in both th~ pr.e.sent counters. In the 1 litre (effective 

volume) counter the background is· 2. 5 c. p. m. · 'and l:ia'ckground plus model4n 

wood count rate is 18. 5 c. p. m·. '!n the 1/2 litre .(-eifec:tive volume) counter 

,~quivale,~t . .,r_at~J? are J. 5 c. p. rn. ,,and 9. 5 _c. P• m. 

Ostlund US$S- a que.t111,d1jng circudt housed i'n 'side the castle 

to t~duc~ .the l~rge puJ.ste·Ulat tnust .. otMr;w;i'se- ~ · pr:Ovided by the anti

co~»~f'Clen;c_e tqbes . ... TJ;ii.f . glil~·~li-Y b.eatease:s tne·life of the tubes ~no 
r C"·· ;1 ,· .. .. -.1 

stabilizes their plateaux. sn>that:«al-1 0-perate· at .the same voltage. He finds 

the HZ-100 cosmic ray. counters, 33 mm. cliameter, ;·1000 mm. long made 

bv Zentralwerkstaat, Buns.enstrasse 10, Gottingen, W. Germany at 100 D .M 

each are very_ 0~p.ti~aqt~:ry. . ~ 

1ik;e~~~ood _ ?f c:a;t:');),9n :is.0~o;i;H~' fractionation in ·the preparation of acetylen·e 
. ., . . ' .. ' 

or n::ie~h~n.e G\-!U:l: theJaGt•·tll!.at thi:S«tan.ll~t bed~he€ked · in ~he mais-s spectro

me ter .as· C0 2-~an. A fu:i;:ther-.. ,<Jii,~~tage .. '0.£,'m~~han.e is tliat '· it h<is a 

vapour pressure of 4 ,to ,lO .m.:i;n. 0.f mereul'y at"li'q_uid' all' tempefa:ture. 

capable o_f extending the· .ra,nge- o:f. ag.e. b.y. :~:dtl lLlha}fi-life · ove:t t'tie standard 
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'iO. OOO yC'ar::: may be possible 0 11 4 gm. oi carbon on an 0sc. .. ger counter 

Where sample material is abundant therefore. the Oschg"!r counter may 

be an advantage. However, Ostlund pointed out that inJsamples giving 

ages greater then 40, OOO years, the limiting factcr ib not so ntPch the 

technique used: as the uncertainty a.s 'tei whether tre· who1E 01 the very 

I L 1 / 1l ( I• t.:.(. f l i 

small amount of C 14 being measured i<s in ·fact residual~ or whether ' 

there has been contamination through geochemical or biogeochemical 

' - , '"'"'' · by later C l4. 

Tlhere is a growing dE;;mand for tritium analyses from tlu s 

laboratory Ly engineering g,eology for tracing water flow, for determining 

r.eplenishrrie~.t' o£ fossil· g'.r.oundwa.ter supplied for determining sources of 

groundwater, and for combined ,me.teoro.logic.al groundwater resea~.ch, to 

-~~ tr rrni11 partition of water in the troposphere, atmosphe.re and in the 

Earth, to determine rate .of .evapqr·a.tion an~ .the partition between rain 
- • I • ' ~ • ' . • • ' 

' " 
fall going into streams and- into g;roundw.q~e;rc :E;:tc. 

\ l, Y T l .AL M.E fH0D.S CHEHlCAL AND f'NSTRUMENTA L 

ft wa• not prat tic able to record cjt tails of all the mt.'tlw· 

iri 1q;;e fc r el.-.mcnt~l analysis of geological _materials. It is the purpose of 

this section of the report to cl.raw attention to various methods in use and 

t0 ""lVP c-k·-lE't?J ot:.t 1ine-s < f' thP "1roceclures used in some of the nrinripal 

laboratories c;:irrying out rock and mineral analyses, Special precautions 

arrl mt"thods f!Or extradion of lead and its preparation for isotope analysis 

are treated under a separate heading. 



I i..·:n .. 

Procedures for Rock Analysis 

The general pr:oc~dures for the various components of a 

complete or partial rock analysi.s Qy v:a:ri~us laboratories are shown in 

abbreviated form .in Table .lo There i ,s a cop,siderable divergence of 
. I 

Qpi-:n;ion as to acc.urq..c,y atQ.~ speed. :res:ulti!l;g f;rqmruse of the vairiou~ 
. I 

;·m~thod s. ln ,ge.neral 1M:r· Bruup., _Mr .. $c;~<?.n, , ~nd Dr. Wiik prefer the 
• • •• J , , . • ; '. 

analyses. Younger and :a-s yet 'le:·ss weH...:known ana:lY;st-s tend to use the 

rapid methods of Shapiro in$candinavia and of J.P. Riley in England. 

T-J.ae.J:'e -i -s .little ~daub~ th~t accuracy of the various rapid and intrumental 

method~s is approac'liing· .and Ji'n:stru:riieptqil 1method s is ap· p' roac.hing and 
- , ~ 'I )]° . 

even exceedi'ng that 'of ·the dq.'s·;sftp.l 'm·et~o.ds ~or some components. 

Dr. WHk he:Ueve·s 'tha't he 'ca'n turn out analyses :t>,y the 

classipal meth0ds. as fa:st as they .. _ca'n, :l;:!·~ done ·by rapid m~'t:P.ods. On the 
. ' -. <-- l - ;, i • • ' ., ·, -~ 

other hand .it is claime·d that Dr. Riley's rapid !!lethods are 5 to 6 times 

as fast a.s the ·classical ·meth<eds. An interesting comparison on accuracy 

of the classical method.s compai"'.e'~ 'wft.h .;r~pid . met~oqs introduced by 
' !,_._,, j • ' (' ' M.' '• ' ' ,: 

J .. P. I;,li):ey;\,\W'as · m~de by Mr. Bra.'dsh.aw, a g!l,"aduat·e student at the 
. ' (. ..: . ' 

. ~·. ·U:P.~V~~ity 9£ Man~he;;ter. The method givib.g best :r:esults is . listed for 

expre~sed the opinio.n that Ril~y•s rapid methods are now slightly more 

accurate than classical rii~th5aa. 
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It is apparent that a·s yet rock analysis in Europe is still 

being done primarily by wet methods. A few laboratories are t ryi ng 

instrumental work, particularly in emission ·spectroscopy but the re is a 

distinct distrust of instruni~ntal re!ul-ts~ Pr,ebably too, Jihe large capitol 

expense is a factor in countries where conventional analysis is still 

reasonably inexpensive. 

The Be.ryl0meter. This instrument .built by,..tne Atomic _~Energy Division 

of the UnHed Kingdom Geol(;)gi,cci'l Sul'veyj ~s - u;Efed .-soLe,ly ' to deter,~j:ne .the 

·beryl-ii um :Cont~nf ·of a r6ck 6r mfue~~'t',;:,·apd ~a1i:I_det~~t a~ · l).ittle; {l-$, ; ~9 P•:P· m. 
- ' . ..' J '< 

Its radioactive source ·Sb 164; emfts gamma r~diation-vyhich reacts with Be 
• • •. , I 

' to .yield" neutrons. -· Tlie'::rieui:ron-s•i!Slowed?-;dbw11J"by· p~raifin are cabsoTbed by a 
~ ' ·. . . . ' ' 

boron fluor ~-de counter. B"Y. use of ·a :standarqt ~f .k:irown c.e:mposi,tion, the 

correction ~~e;tor<for density is i·'d:e-t~~e<l. , , .·@nly ber,y,Jlium reacts with 
• • • .I 

g:a:rtima radiifi,oti f±om:i:&i~14'4.~ tlie pr'0>c~s~ i:i$·1:-the~eior~ :unique for beryllium. 

It i ·8: A rapid, ' ~table and no~-destructive method: of_ analysis. 
\ ~ ~ 

Colourimetric Me:thods. Aitthe Geo-l;o.gi~-al ~\#:e;y of FimJ.t-:iio soi,l samples 
·-, 

are analyzed .. fo:r Ni using FinildiQxi·m ;;4or· Zn a;pd; Pb ~sing, Dithizone and 

10, OOO samples a year. ._, / 

, At the British Museum of Natura(;Hii;;tory, Dr., Hey uses 

'colc;urlmetric methods for' de'tet\minatien of.:.the- pr:indpal cornpo:qents of 

very small samples (1 mg.) of:"mirie±aJ:.9,. fromJmeteorites. He determines 

Al using Aliz'arin-S or 8-Hydr.oxy-quinoline in chloroforro. 
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Nb is determined cofou_rin:ietrically using Hz Oz" at the 

Overseas Geological Survey. 

Flame Photometry. For determination?£ Kin the K/Ar age programme, 

the sample is dissolved in HCl + HzS04 1 evapc ated to dryness, and the 

residue, . ~is&olved in HzO:w.jtbia q,nop· of· H2S©4. Rz03 and Ca are pre-
,. r. ·· .: .. \·1 ! . 1 .1 : ,;., 

c~pi~at~d wit_h. :1'9l~4:G9JJtw~~e~, Th~ ,,re~u_l:ipg : s?lution' containing Mg and 
. ; ~ : . : \\ . ( · , .. ·, :· l:. ·~I• '•:• · 

the alkalies is analyzed in ~n E. E. L • . fl~w..e. _ph<?to~eter. 

At Manchester ,flame photop:i..et,ry is used .for .Sr, . Rq, · .. Cs, .. 
I' ·' ( ' 

Li, Ga anc;J Mg. It has given particularly. good. result$ for Mg. There is 

some interference from ~luminum in determining .Ga . 

At the _Macau!~.Y Institute in Aberde·~n · a flame photometer 

built in their. sI:op ,gives_ I eading si ,for. ;Ji'fa;,. ·,K! __ <j.ng C(a_· s~lflultaneou,sly. For 
.- J ! • 

elements in s.olution it.is 'Sensi.tive in ~he' rarige l - 1 10. P•P.• m. · 

I • ' .. • ' ' '. t • -. 

Fluorimetry. A new type of fluorime.ter exP.ected to be .even m()re sen-

sitive to low •contents of uranium has been developed by Dr. Wedepohl 

at the University of Gottingen. 

Ion Exchange.. Ion exchange columns are used for a wide variety of 

separations in the Geological Museum in Oslo . Dr. Filby U$eS ZrW04 

(complexed) and ZrMoD4 for separation of alkalies and alkali ea.rths . 
. ' 

A 10 cm. column is reported to b e able to effect complete separation of 

Na, K, Cs, Rb and Ca, Sr, Ba. These salts must however, be -freshly 

made. See "Ion exchange properties of "hydrous oxides " by K. A . Kraus 
·'. 

et al. (Oak Ridge) . Mr. Bruun uses ion exchange as d·esc:ribed by 
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J. L. Hague and J .. . ·Ma-chlan "Determ'ination oi Ti;) Zr, Nb and.:.Ta in steels -

Separation by ion exch~nge" in the 11.Jdurnal df Re·search of the , National 

Bureau of Standards, vol. 62, No~ 1, 'Ja:nU:ary I959, for separation of Nb 

and T a in complex minerals with good result s . 

Magnetic Resonance is used bf Profess<'>~ Wyart at the Sorbonne to 

determine water content arid water mobility in chabazite. 

Neutron Activation is V:s~<l by Dr. J. R. ':Efotle1r ·Ait· the•Impexial 'Gollege 

to determine the Cs, Tl and Ta; co'ntents of granites·. They are to· try 

determining H£ by this method. I;~a'.di'atidn '6'f o:he ' c~psule containing 

~ t 1 : I I 

20 samples and 4 standards costs 5 pounCl's per week plus 7 pounds 

. ' 
overhead charge . 

. , f' . . . 

. At ~orcf'neu't:ro~! activa'.tiorl1is·-U8'ed fb-y Dr . .. .Vincent for 

tra~'~"a~ciu'nts., of Au, Ag, Tl, c'c( As, sb, P, Ga, Sci and for.)K in 

ultr~basic rocks~ The method for -.Pz 05 is -sensitive tl'o 1 p.·p.;m. but 

is c~mplex ~nd has not yet been published. The proximity of Harwell 

to Oxfo
1

rd ( 15 miles) makes it convenient to o'et<ermi'ihe ahy' ele·m ·emt whose 

radioactive isotope has a half-life of 1'2 B.ours or ·more. A gacrnm,a ray 

spect;~~ete~ is just being complet'ed ' for tliis work. 

Aluminum container for irradiation'; Costs of· l.rradiatiori. in this case 

are about 12 pounds per week or 20 pounds per month. They are con-

sidering use of a tritium sou'rce\vhbse ' fl~ isTo8/cm2/sec which· is only 

100 to 104 less than Harwell•s· Bep~o'reactor; It i!s•e-stirnated that such a 
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source would cost about 6, OOO pounds. Old radium beryllium sources are 

being considered for use in' assaying for gold. 

Polar.ography. In Professor Picciotto• a laboratoriefl of the Nuclear 

Physics Ger..!re of the Free 'O'niversL::y of Brussels , · I waf:! told that lead 
. . . . - - (.~ ; j 

in amoUI).ts · down t.o 1/10 microgram can be determined by an oscillographic 
,; !·: j ' 1.. r..) . -. . ....' ' .•. , : . ' ,; t ;. ' •• • •• > • :-1 •. 

' . ' . ' 

polarograph. Th~s 1?eql'Od ~-~ f~~.ed ~:n~ Ru~s.iij,i .. ?u_t _so~e d~t~i~.s .~re :• 
• ' : t -· il ••• ' ·. - •. • ~ • • ~ 1 • .. f f ; ~ . • -

publ~sh~_d · in a p~pert e:manati.p,g.,{rqm.. Picci6tt_o' s labqratory· on the 'separ - i • 
'' ,. ·' ,. • .. • •• l I , , .. , ""'.. "': 

~. ' ..... ... 
ation of u ranium and tno~iurii. · · . ' . 

n . 
.t 

, 
P_olarography:~ has been~~~~ ~or ana_lysis of many elements 

by Dr. Smale s at H;;i.rwell. 
.. -, 

At Im,perial College, Dr .. Butler uses a polarograph for 

determination of cadmiu1n in preference to o ther methods . 

Spectrophotometry. At Gotti~gen exten~iye use · is made of a Zeiss 

spectophotometer 'in rock antl !TI:iT\.l!!!,al anaiy,sis. 'rh.ey'l:1,ay~ p;rqyed 
. • ·'· •.. l • ~ . • • • • • ., ' . 

good . stability' and lack of trouble in 5. years of use. 
, •, . J ,, • 

The chemu:al· labqratoriE1s ,of the Geologic;:tl Survey of 

Sweden make extensive use of th~ spec.t:r,-ophotometer- fqr analy.sis of 
• I I ' 

Si as discus·sed in the Analyst ~or June 196 lo Silicon is determined as 

the molybdate. ·A .similar methp9 is used 'for Al and it ~s. reported that 
' J 

there is· no p:i;oblem With intederence from Fe or Ti. The :reag~nt 

used is E.riokeomcyan,in. A Zeis-a. fil'ter spectrophotomet~r has -proved 

very satisfactory for this work .. 
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X-ray Absorption and fluorescence. At the University of Tubingen 

absorption of X-rays of different wavelengths has been used to determine 

the composition of minerals of various solid solution series . A thin 

section is mounted on a coverglass of known absorption. This is inter-

posed in the beam of the strongest diffracted ray from a calcite .crystal. 
. ' 

This ray 'is focused on. the coiinter · 9£ :the. ·genJcnhe~~-r. " ~ize e>f 'the ' beam. 

is "controlled by an aperture in a .lead :shield. Intensity of the beam can 

be varied by use of aluminiul"ll: filters •. In .this ~ay -the linear -coefficient 

of absorption of crystal grains in a thin sect.ion can be measured, Within 

' ' 1,:, I 

limits of measurement .this · dqe s -vary: si:gni_fieantly with differentiation 

.t' ~1. ' · .. : .. ' ~· • \ . -•.. ; 

orientations even .of ,highly anisotr.op.i"c trY,stals.' Usi~g two diffe.rent . 
.. -

' wavelengths it is possible to det ermine the· composition of a grain in 

. . . . 
2 -component solid solution:s and with three di££eren~ waV'elengths the 

,!. •• • I , . . 

composition in more complex solid · solutions ea~ be asce.rtained. 

A Sierpens vacuum X- ,:r~Y spect~ograph at Tubingen gives 

sensitivity for Mg . about equivalent to that in our laboratory. They use 

the X-ray for determination 0f K, Sr and Rb in rock analysis • 

. An improvem~nt in I'ep.roducihqity 'of·X.-ray an~ly·ses is 

achieved by thermostatic control of the counter. 

At Gottingen .X~r-?-y fluorescence is used for analysis of 

Ca, .K, Si and Al. For .Ca :and K, Se is used as. an internal $tandaJ"d. 

Al and S~ : are determined by adding known amounts of each element to 

.the sample. 
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It has been found that only Cu target .tubes .a r e sufficiently 

free from Cr to be used for determining Cr in trace amounts . 

At Imperial College an A. R ... L. multi-channel X-ray 

spectrograph has been installed. They hope to be able to determine as 

many as 22 elements on it simultaneous ly. So far only an air path has 

been used but they are considering use of a hydrogen p~th. It is not 

equipped with a vacuum spectrograph. 

In general they are very pleased with this instrument and 

have done a lot of work on Rb and Sr down to concentrations of 20-40 p. p. m. 

At 100 p. p. m. the standard deviation is · less than 10%. 

Material for analysis is prepared by mixing equal amounts 

of sample and powdered cellulose and compressing the mixture into discs 

under high pressure . 

Miscellaneous Notes on Analysis 

At the Overseas Geological .Survey, they place beakers 

in an ultrasonic cleaning bath to speed up solution of solids. 

At the Geological Survey of Finland , all analyses are kept 

on small filing cards. 

Tb determine .the' end point in complexometric titration 

for Ca and Mg, fluorescence of 1 calcein 1 under ultraviolet light is used 

at Manchf'ster. 

Imperial College had found the thermal balance useful in 

determining water loss from hydr ous rninerals and in determining when 

solution of pr·ecipitate s is complete. 
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At the Bureau de Rechercl1.es Mime1 es et Geologi qu e s in 

Paris they arc specially equipped·for microchemistry. They have carried 

out analyses on 40 mg . of suc h compl ex min e r als a s germanite. 

3-5 ANALYTICAL METHODS - EMISSION SPEC l'ROGRAPH 

Dr . Han s Schwander is chief spectr ographer at the Univer s i ty 

of Basel. They pelletize t heir samples and analyze them on a J arrell Ash 

spectrograph using an interpreted arc to ensure constant current through

out the exposure. COz through a Stallwood jet s e ems to stabilize the arc 

a nd remove gas e s .. 

They hav e installed a direct -readi ng Jarr-ell Ash spectra -

graph to be used for ·anaJ.yzing ·the fqllowi rtg m a j0r- c omponent s of rocks: 

Si, Al, Fe, Ca, Mg, Alkalies, Ti and Mn. They w ill use t h e spark technique 

with C'IJ. a s the int e r ·nal s t andard. 

Dr. Wed·epohl at Gottingen ·developed a double electrode 

{described, in Geochimica Acta for H) 53 )~ t o increase the sensivitity of 

the volatile elements. The sample is heated slowly in the first electrode 

and the volatiles driven off are e'xcit~d in the second ;;_re. Using this 

method concentration of volatiles by a f a:ctor of 100 is achieve d . Zinc 

cah be determined in amounts down to 1 p . p. m. 

A f• t · t h " r u .~ in 1 rough dete-rmination of the distribution 

of volatile elements between coexisting mineral s . F o r example by slow 

hc;atin.g the Zn present in sphalerite comes off first and subsequently 

zinc present in silicates can be measu r ed. 
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The geochemistry 1department of the Geological Survey of 

Sweden depends almost wholly upon spectrographic analyse s. Unfor-

tuna.tely at the ,time_ pf J.'flY ~isit Dl' • . L,anclerglen was away. Probably many 

of their methods have ·been modelled on those developed by Dr. Allen 

Danielsson at Bolidens Gruv. AB 1 .Skellefleha:rriar.· At Bo.liden several 
I 

quantometers are in use and one of them ~·s reserved entirely for research. 

It was there that continuous tape method of carrying samples into the . . . . -

qua-ntometer ~as developed, (po,s·'sibly ·the Russians '!'il~ challenge ~his). 

Silicate samples ar~ fused arid then pulverized before 

analysis. For trace eiement work, ion exchange columns are used and 

the resin with the adsorbed ions is fed into the spectrograph on the tape. 

At Imperial College ca:.thod·e layer excitation is ued in a 

Hilger E742 quartz prism, spe.c;ti.rogJ:aph f~r d:etermination of V, Cr, Co, 
,. : . . . 

Ni,. Mo, Sn and Pb in basie rockE!, .. _using a Li internal standard. 

Irnperl.ai _Cql~.e·g~, aLs~ - ha·s a ·-spectrograph made $pecially 

by Mannkopff for ·determinatien of ·rare .earth -~lements. It is fitted with 

a g lass prism. The rare earths are first :concentrated chemically with 

. . 

thorium and; then . determined sp.ectr~graphica'.·lly. All .rare earths except 

Ho can be determined. 

The e;rnission spectrograph at Oxford is used only in the 

trace range in combinat10n with the Riley rapid method procedures and 

neutron activation . For Rb and Sr based on standards determined by 

i sotope dilution, a precisiDn for Sr of ± 7% standard deviation and for 



- 48 -

Rb of ~ 10% have been achieved. It is believed that this is as good as work 

Cione with the Stallwood jet. 

A method of employing the sparR; te~hnique on solutions of 
. ' I . I ' ~ ' I 

rock is being developed. The rock is first broken down in a fusion of 

Na2co3 and Naz Oz. The crucible is lined with molten NazC03 to prevent 

rock from coming in contact with it. Pd is used for volatiles. Fourteen 

t!~ce . ~l~mep~s are determined. ~y·this · m~thod. A large variation in ·the 

Co: Ni , ;r~tio .from ac;id and from ,_basic rocks has ·been noted. 

Dr. Evans believes.;that an a.liqu0t :of a1i solutions of rocks. 
• .. • • # ... ' • • 

should be .retained in polythene .bottles fo.r trace element analysis , 

At Manchester standards made up of mixtures of Gland 

Wl were compared with standards made up from •Spec-Pure1 oxides and 

no difference was found. Oxide standards are now used entirely. Earlier 

work on major components has been discontinued and work is limited to 

elements present in amounts of 3% or less. 

To determine optimum conditions and best internal 

standard, samples are burned for 10 minutes and the plate racked down 

each minute. This shows time at which the different elements come off 

and the agreement of, the internal standard with· each. 

3 general procedur.es are. in use ~ 

1. For Sr Ba V Ni Co Cr Ag·t ~ mixture of. C (powdered 

e.lestrodes) · containing 1000 p. p. m. R~.: is. m~p~ 1?-l?• ·'Iivrn. pa:t:ts of.: this 
• .. 1. 

mixture is mixed with 1 part of sample. 
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t.. .tor volatiles Pb Cu Ga Lrt: Au Ag L.u wd, .1. inxturt:: 01 

i\la 2 co3 containing 650 P'• p •. m .. In as the oxide is made. Two parts of 

s-:tmple are mixed w i th 1 p a rt o f this mixture. 

3. For refractories. Rare E3.rths, Sc Sr Ba Zr Hf, 1 part 

of a m.ixturt of powdered carbon containing l % Ta ~5 IllJ..AL v. Lh l !Jart 

of sample. 

In general, all samples- are bu.rned for 10 minu t es . 

The spectrochemistry department of the Macaulay.Inst i tute 

at Aberdeen is devote d primarily .to analy s i s of vegetation and, soils. It 

has a staff of 24 of w hom 8 are university graduateis. Three chemica l 

laboratories are n ee.de d for chemical preparati o n,of samples. A lar.ge 

major i ty·of analyses a:re in the trace "range , but a' genera l analytical 

sc~ vi( e is atso provided. 

M o st samples are in solution when the y are a na lyze d . P lants 

are ashed at 45 0 °C. Greatest iriter·est is taken in the fra c tions extracted 

by different liquid solvents . 

M'ilr:;h of the work is done in a medium Hilger direct-readi1,g 

spectrograph that provicl,e .s 1-1 channels and costs 4, OOO pounds. Liquid 

sa:P-iples·are burned iJ.'I 21,,p o r_ou ~.:-cup. Using this' solution method the 

difference between 0. 01 and 0 . 02 p .. p. m .. ·is readily discernible for many 

elements. Plant ash is pressed into carbon discs which are r o ta ted and 

ut..tned by a t.tigge.1.ed a/c arc. 

For Mg they u se a 2 channe l direct-reading spectrograph 
' ~ ,. 

buih in tht' l 1stitute, using a s mall Hilger qua:hz spectrograph. Again 
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Mg in 1mlution in acetic aeld and or· BN03, {O. l to 10 p~ P• m.) is burned 

in a porous cup. This instrument·i s capable .of ·analyzing 200 samples 

per day. Interference effects are less than in atomic absorption. 

All main re·sistances in the I:notitut:~ <~re in a. ,smz.ll iron· 

.. , 
air -C()rtditiq.r,i.;id . :r~mn. 'fbes~ are tapped a :s ;re"quir.ed for · each instrum :Ht 

and the' current is .controlled fr1omi the op~.ra#.ng .pos~tion at the instrument 

panel. 

At thee. University in Aberdeen, Dr • . Fraser has devised 

a method for ~ccura.te, spe'ctrographic. ~aly:sis oL,feldspar.s,. .us.ing a r ·· 
. I 

rcla.tively single technique. The "·met:lio~l . ~s·parti·cularl:y, useful, for;· det~r -

mining the composition of plagioclase in perthites and .the percentage. of-

orthoclp.se. 

3-6 ELECTRON · MICROANALYSIS AND .DIFFRACTION 
l ' .. 

'I: •. 

In the laboratories of. the. B. R. G. M. in Paris an electron 
I . 

microanalyzer as developed "by' Castaing · s operated by Mr. M. Capitant. 

The instrtl.D"lent ha,s 2 spectrographs available; o~e for wa,velengths 

1-4 1/2 angstroms, the other for wavelengths of .4 1/2 to· -12· angst.rorns. 

In the first a curved quartz: crystal,·is.1 _q.sed •. :for:i elements Nos. 18-92. in 

the periodic table and in the . second a curved mica. crystal is used for 

elements Nofl. J, l - 17. Dete.cto.r 's used are a Geiger Muller counter for 

the range 1-li lambda, a scintillometer ,for th,e' range 3-8 lambda and 

proportional gas counting for the range 5-10 lambdaT Provision is made 
. \ 

for optical examination. simultaneously with analysis by transmitted and 
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ref. ected light using lenses ha ing a long 1oca di.si::."-:ace. ~ -rays c on-1e " • 

at an a ng le of 16° to the surfa ce. 

A reas of ore sections are select ed and cut out with a s mall 

diamond drill. The s ection i s then set in a n a lloy of. Ili-Ph Sn at 7 0 °C 

M. P. The whole .is then grounded .. Th~n ·s ec tim:i.s .c...re.coat~c. wuh a met ..... 

film of A l , .Ni or Cu about 250 angstroms thi~k, ~c.h-i E\. g r~unded. Thi s 

fi lm i s transparent to transmitted light but reflects incident 'light. When 

the grounded film is in place the wh?le is. embedded in. cold -setting plastic. 

This preparat ion takes about one. hour. Metal flashing is done .under 

vacuum in a m odel No. 12E/146 unit made by W. Edwards and Company, 

London, S . E . 26 .. 

-In the Castaing instrument automatic scanning .of art area of 

300 x 300 microns is possible . It r e quires 10 minut e S to SCcHl an a rea of 

100 x 100 m icrons . :( 

Normal procedur.e is. to focus· on_ sample,._ and s .can across 

to determine w hat elementl:s are present. Knowing what 'interferences and 

absorption may exist, peaks are c©u nt ed again st background and aga inst a 

standard. Statistica lly 3.0, ?~O ~ounts are required and preferably. 50, OOO 

are counted. CorrE:ctions. a re made and t he elementa l cont ent- of the g1ain 

is computed. 

At p r esent s odi um (Z=lO) is the lowest element for which 
!. 

i:inaJ.yses an be made. It is .hoped that. m y r emoving the mica crystal and 
• -· l,l • J. 

' 
using direct a bsorpt i o n techniques it may be possible to determine car1bon 
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The 2 principal corrections are: L for absdrption by the 

sample, and 2. for secondary fluorescence. In F r ance, L 1As sociation 

Nationale de la Recherche Technique has organized the 7 laboratories 

having electron mic roanalyzers in a project to determine absorption 

constants of all elements for the various wavelengths. This is a major 
I •• • 

task in which they would like assistance of laboratories throughout the 

world . 

Sensitivity for any element by this method is very largely 

governed by the absorption constant of othe.r . components in the grain. 

For exa!tJpleJ sensitivity for Mg in a grain compose·d of uranium would 
. , -, .:· .:;, 2 , . - . 

be 2. 0% but for uranium in a grain composed of magnesium would be 

0 . 01 %. Precision is of the order of ~l % of the amount present (e . g. 

CJ' would be reported as Cr 25 % ~ 0. 25) provid ing absorption c onstant s 

are known and corrections are made. 

At the University of Tubingen, electon diffraction has 

proved praticularly useful for study of c1ay minerals and other layered 

minerals. They have deve loped' a system for interposing a crystal in 

the electron beam and obtaining a 2 -dimensional lattice. Correct 

orientation is ~tablished by use on a shadow microscope. All degrees 
.-.. 

of freedom are available for orientation of the sample. 

Dr. Long at Cambri9ge has. certainly had more experience 
" · ·~, ... ..:'...;. _)t; ~'11~ t :; . , 

in the analysis of geological sample's by th:i'.'s technique than anyone else 
.... . •. :., .. '· ;· 1. • a::.-~ .. ~· ... "- _1" , 

known to the writer. Because Dr. Traill had discussed instrumentation 
-i. -- . 

~ -,\. - -~"'·. 

with Dr. Long t!1e writer restricted his discussions with D:r. Long to 

app 1 ·cations '"If t 11 , in .t.h J .. 
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In Long~s opinion it is essential that the operator and 

geologist work together on the instrument because neither can interpret 

results without assistance from the other~ . 

Three main uses of the instrument are: 

1. ~tuqy of 'fluorescence c~lours i~ ~-nfocus ed 'electron be4m 

provides ~ .quick and useful ~ea-ns 1of iqe'.ntifying minerals that is parti-

cularly usefui whe~ studying interg~owths. 
. . ' ' . 1 . - ·. ~. . 

2 . Quick qualitative or com:parati,ve ~nalysis~ 

a. to''·bri'ng 'au{ ~orling ana" int~r~~o~ths 

b. to identify main ~onst1tuents of minerals 

c. for comparative analysis of qifferent elements in 

coexisting minerals. 

do for study and identi,£1.cation (i)f glasses ~nd metamict 

or isotopic minerals. 

3. 
. J · : · ; • · • .. • c~ '· "':~ ~ ·. ··· 

Quantitative analysts · of minerals on areas that under the 

microscope a:re seen to be free ffoin inclusio.ns etc. Long finds accuracy 

i s of the order of 1 % of the amount present. If analyses are done on 

several "such grairis, the average i~ almost · ce~tain to be more accurate 

. - . . . . ~ .. . ' . 

than a good chernicaJ analysis on a concentrate 't:hat is rarely, if even, 

. . . . . . . '• · · . _'.' l . :. . ' ' 

pure. This type of analysis can also be us~d tQ determine diffusion in 

-ninerals ~nd in· ' ~ome ~itses ;ill indi~~te ~g. t-emrer.at~~e gradient between 

minerals at time of formation. 
·. ~. 

Long states th;!t it is an ~dvc;ntg.s.~' to have 2- and possibly 

3 goniometers but thinks that more are i-mpractiCal because it is improbable 
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that conditions in the electron beam would be suitable for more than 2 01 

3 elements. Moreover differences in geometry would cause differences 

in absorption. if there is any ir:r:egularity in the surface. An optical 

microscope is essential because there is too little difference between 

the elec.tron microscope images o~ many min.erals for them to be recog -

nized oi;i ~:he screen. 

Some problem~ a:tise i~ si_:>ecirrtens ~n which the thermal 

conductivity is low and temperatures rise al~ost instantan~usly t~· 

l000°Ci-and more with loss of volatiles by distillation. Thickness of the 
' " ,, 

metal film is a major facto-r in this connection. 
' ' • ·., . . · . ' . 

All elements down to, and including sodium can be qetected . . . . . 

Magnesium can be detected in light minerals where it is present in amounts . . . . 

of 1/2 of l % and probab_ly down fo 1/4 _ol 1 o/?. Th~ crystal must be removed 

to detect sodium. Work in the Cavendish laboratory at Cambridge 

suggests that by use of a p_ropo:r.t~onal gas counter with direct absorption 

techhiques, C, N; O, ,_ B and p.os~ibly Be ±nay be detected for purposes of 

distinguishing between oxides, ca~bides, nitrides etc. in steels. Where 
. 1 ''·· · . . . • . • 

peaks of one element overlap thos·e 0£ anoiher, the shape of the peaks is 

used to determipe the contribution of eaah element. 
•. ~ . ...·: 

Dr. Long stressed the importance of having a flat polished 
.. • • ·- • . :. '"\ • ' l - • ' '. • • e • ' . '• 

surface foi; ~ptimum results . .. Af~; 1:~~ sp~<;:iin~.ns are therefo::re cut and 

polishe~ with diamond paste. He uses a 16 mm. interference objective 

made by Watson to determine the relief to V~ 0 of a -..yavelength. 
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Where precision in variauon of composihon l:l.t contacts 

and in zoning is required. Count s from a series of points are alternated 

with counts on a standard to correct for any instability in the ion beam. 

As an alternative the beam is automatically compared with a broad scan. 

An interesting example of the use of an elect1·on microanalyzer 

is reported on pages 19 and 20 of bulletin 194 of the. Geological Survey of 

Finland by Dr. Vaasjoki, showing v0:_riations in". compo~~tion ~f chr-0mites 

,, 
etc. 

At Imperial College a mic:roanalyzer made by Cambridge 

Instruments was delivered ii: eariy 1961. . It has been used by T. K. Kelly 

and A. P. Milleman for a variety of mineralogical, pe'trological and 

metallurgical studies. 

An extensive study of fine-grained and intergrown Mn 

minerals by Miss K. Spathi has proved the value of the instrument in 

showing va~iation in composition of various minerals, in demonstrating 

zoning and in identi!ying m.inute inclusions. 

Dr. A. R. Bt.?-.rkin of the Metallurgy Department sent in 

some minute wolframite crystals· coated by oxide films as a result of 

treatment. It was found that .t .hese f.ilms were in fact composed of discrete 

layers of Mn, W and Fe oxides • . 

Spectrographic analysis of some dolomite showed , that it 

contained S.O p. p. m . of Zn. It was necessary to know how this Zn 

occurred. The electron probe showed that its distribution outlined the 

shape of relict crystals. 
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An interesting study, undertaken to investigat.e loss of 

Pt in tailings of the. J.C. I. -mine· il'l South MT;i~~ pr-pv;eP, .tq.~ , P:r,et:Jence. 

of c0operite, brag:gite, laurite,. Au, and a ferro-platinum alloy cpmposed 

of 84% Pt, 14% Fe and 2% Pd, Os etc. 

Analy·ses were made <;>f the newly"'pess::i;ibed mine ral 

eskola-j.te. 

A study made of pyr~te,· c_rysta.l!:l wpose microhardne~s 
... ~. . .... 

indicated• zoning, proved that the · crystals we re homogeneous and ~h~t 
I (_ . A 

differenc es in hardness were due to twinnipg . 

Othel:' studies wer~ made of. bas.;,tlts . showing cliff~rent 
~ . . . •. . . 

The principal qlifficulty at preaent i _s lack of understanding 

of all the physicaii fact<!>rs invelved in u se of t_he instrument. A study is 

being made 0$ absorption-factor•s ancf other· corr_ectio~s. 
. ' . ' . .. -

3-7 EQUIPMENT 

Instruments and equipment ·for a wide va:iety of uses were 

noted in various labara·tolfies.. Some of these have heen mentioned· under 
</' \.. 

other · headings. 
. - The purpose ·of this section is to draw attenti,pn to ·itet'ns 

~ • :-- ,' • • .; • • • • • • I ::. \ .' : l I 

not 6therwise chts'<l:Tihed; and to: i,t~ms that :qia%;be useful fo:y, ?Pore _, than 
' . . . . = '..l '.. I',('· 

' 
one purpose. FOT- -c-onve-nience. th~ a~e , ii$1;·~- under the,.f.ollowing broa'd . . . . . . } - . . 

heading•s :' . . (. 

Analytical ·· 

Filing 
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Analytical 
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Mineral Separation 

Mineral Synthesis 

Mineralogy 

· Miscellaneous (a large and diverse category) 

Radiocarbon and Counting 

··· Spectr.ographic Ancillary 

· Nacuum 

· x ·-ray 

Sp_ecial equipme'.nt to record the end point in titration of 

solutions of complex ions is · used at 'the· Unive'rsity of Gottingen and has 

heen found to be more accurate than visual estimation. 

· The automatic Utrator and pH meters made by Radiometer , 

Copenhagen have proved to be very satisfactory in use in the Geological 

Survey of Sweden. ..~. 

For very small samples (e. g. gold beads) the ' Cahn 

electrobalanc.e has proved succe ssfu.l ·and fast. It is made by Cahn 

Instrument Go., Downey, California. 

A thermal balance particularl y useful for dete rmining 

water loss etc., is made by: l .-: .. 

Staiit91'.l Company, 

·1:1 9 Oxford Street, 

London, W • 11 1. 

At Manchester University Palau crucibles are · used instead 

of platinum for Na2C03 fusions. Fusions come cleanly out of these 
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crucibles without adhering. The crucibles are made of a Pd:An alloy 

by Johnson, Melthey and their cost is less than half.that of equivalent 

platinum crucibles. 

Filing 

The geological reading r c)m at Basel Un've rs · y has speci"'l 

open-topped boxe .s for storing ; ~eprinted :eapers; of each major author. Cross 

refer.e.nce ,by .-subje.ct is als:·o 'u ·s-e·d. ''rhisi seems .to work well. L>~ 

At Ba·s·el·-a.nd ;al's~ ·at 'Cambridge the Technic"on Laboratory 

Aid Fi1~ System is used for ~s't0rin:g thin .sections. Basel like it but 

Agrell at Cambridge ?Xefers their owh system and uses this only for 

duplicates etc. 

A good fil for vertical ·storage and viewing maps or plans 

in constant .use J..s mad'e by E. N. Mason and Sons Ltd., Arclight Works, 

' '; •,lj 

Colchester, England. 

Mineral Separation 

At. Basel the Frantz magnetic . separators a ·re · oftE?n in use 

24 hours a day. In 0rder to keep the' coils cool, they are 'wrapped' by 

copper tubing through which cold ·water is dept flowJ..ng . . _. ·: 

In the Geologi:cal Survey of Finland they us~ · a 'vibrating 

ball mill made of cerapric with;oe·ramic . ball~, made py.,SchwingmUhle. 

~ "') ~·) 

"Vibr.ation", Siebt_echnik, ¥ulhei:rrt; , Ruhr, W. Germany. 

described by L. D. Mullf'r: "Sortie Laboratory Techniques De-Veloped for 
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Ore Dre_ssing Mineralogy", Group IX; .. 1paper• 52 Int -e<rnatio'nal Mineral 

Pr·oC'essing G_ongress 196 0, :publish~d ~ by· ilm.stttute-·~!f1 Mtning aftd ·Mbta:llurgy, 

44 Pprtland Place, Lo,n~('n w. 1. 

'' 
Among them are: 

•a. ·' ~iff"sion C(!)lumn" fuatleOto; ·o~d~i for about lh by 
........ . .. . 

. . 
: / -aU.ickFii"ai'dhOuarfa . . ·, .. , 

· :@'.eart ·of.Stone, 

Stafford shire. 

b. A _Micropanner ; sold' by Charles Cook, Birmingham. 

~ Fo:r; _4l~ari. ;~epa·;i;-~·tio.n "Of min.e.rail,fra·ctiori's' in he'avy : liquids, 

the · Q;Verse-a·s G.eolog~ca1 .survey. us·es .a ··special . ce(1t'rifuge ' tube • . It ' is 4 11 

long and 'l1' ·diameter and m~de of:p.yrex gla·gs . .': ·About l" 'from the bottom 

the :tube is '· dr·awn into :a .cons~riMed ' h.e.ck of;oabout · 1/2 11 diameter ·ao :that 
• I; II ,.I_' • ' • 

the · :ao.t~'Om ·9£ ·t~~.';t:U~ · ~~ •tir.t.~aUy. ~he.lfi~al • 
• ~· ~ l 't..~ ~. ·- · ,.. .. ~ t 

. 1 , , 

·W:9-eri"1lne '..1.n,ineral~8hav.~. ·.~e.ell · 'sepa;rated ~a.· glass ball dn the 

' . 
~na\·o~ the .g. las.s l"bd .' i.-s)n·s~xted ,-so . f!hat; ' it acts· a<s ·a .~topper ·in ' the con-

.' ' . . . ,.,... 

st~i.cted nei;:k .. '.,The' light ha-atioD.Ni po1ired· .o.1i£ ·and sub~equerl.tly · the :heavy 

fractio~ .' !ha,y be .,p.~ured . . bff. v.A.ite.rhati:v"e.ly"thE! heav'y 'f'rl'l.dion may ': be 

.ftrozen,'down ,at 9.~~·G#a::nd 'the :lJight · £:.r~ctiot).. ipoured 'off. 
" 

·:·~er.~ -i<ne~p~nsiv-e ... ~~a:hr·d:trib:tH~tie:'irial~ ltn jl~ ra:e'l lf s ·s.dld'; by 

i :;aa~·~Fe\iJkin:·s- Ltd. , 
. . . .-, 

,: Mirrie-ral~ ':Proce·s·st~g ·;DiVf,'~to:l'l, 
... . ·. . r. 

· .Bilaekhor ·se';~<?~cl~ 

Letchw0rth~ .l mJpshir-e. 



for £2:2: 0 per 7 lb. bottle. 

The Sturtevant Elect;rostatic Separator , used by the 

Overseas Geological Survey, is particularly satisfactory for separation 

of zfr~on, rutile, ilmenite, cassiterite , scheelite ~ and wolframite 

,1. 

Startevant Mill Co. , 
, I 

Park and· Cfayton St;reets, 

Dorchester, Bostol'l. ll,. Mass. 

Bank_s. of in£ra .... red'. b.e"ating lamps ~re widely used in 

Bl;'itain for rl11ying mineral co.ncel'l.tra.fff'! s and evaporating liquids. 'I' hey 

are made by 

English Ganet"a1 Electric Go . , 

~gnet House,. 

Kingswa.y.,. London W. C. 2. 

For separation oli s;uJp.hides. and other minerals from small 

(1/2. gram) samples, the Hallim:o,n.d Flotation Tuhe is particularly useful. 

Some- 0£ the .. se we.re· bei;ng made u,p, for Pro£e·ssor Fleming of the Royal 

Sehool eJ M\me.$. l1t1~11':tal C0Ue3-e, L<i.MGn· 

•~~method~ lt~O'XriHjj tbe Vld~Y' fiJ':~ . P~2'ticle~ bom 

a .. $a1:1"J!tle ts by -wse 6f the .Labo.r:ato:tf· Hych-0:4Y4':G:m.e Teat Se·tt made by. 

Liquid Solid~ Separator's, Limited, 

2 Ander son Street, 

Lon<lon S. W. 3. 
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Use of this equ.ipment, was describe,ij •ip J.P,~(·~·~ni~ Magazm<i! (London) for 

July 1954 . 
' I:, 

;l'~e ultra ~sonic clea._ne.r 1'1$e.d at ttHe 'Briti.sh ¥us.eum and by 

the' Ov>elr sea:~ -Geologkail Sµr:ve.y .i.s ,tJhe '.Di~9riteg·rater 9.0 ·k/ c ty-pe. The 

. fro~ 

Br0nson ·~·~a '.~fonic .Corpprj:!.tion,. 

Stanford, Go.ttnettiE:ut. 

· ~. '·- 4'. 

' For hig.h~pr,, e~S$U:t'1e-. - :W/i>~~ JP~fi~esso:r v.on-~ngleha·Ji.dt ~t 

Tub,inge:n .,has a p1\ess .ea-pa.~ . .of .7~t;A'n_,o ,_kg. pJie.S..$ur.e. 
• • • . • I ' • _.~: ·'·,. ' 

at.ori.e·s :.~t '.Hamburg, ·pr,es-ses capab]e· o"t :61$J ~foi:r~· ar.e µ' 'sed':which ai;e 
. ' . 

provided ~·th · r,eco-r'd:iti.g . equipment. Tn:e;y .. are' made by L6senho.use~;rkr 

Du~)B eldo rf~· 

' l, , .... ,' 

.J'htay 'a'l.$0 1la,V;'e:1J,at~-g~'..'a).l~: .Yel°}"' CO.mpl~X: a'utoGi~V-EJS made 

by Andryas Hofer, Hoch'd:ru.ck !~-Appa-ia'teb'au, 'G. '.M: ~ •. H~, ·MuI~1e irh, Ruhr, 

W. Ger:many. 

furnaces ~ci.pa~l,_~ 0f: f~µipe:r~~!-~~p to 3, 5'00°G,at 2.0p amps 

' ', 'h· : .. 
a.nd 15 volts are made by Gehr. Ruhhst:I-'at_, 9:Gtting.erl, W . Germany. 



AutQcla.,v~s and valves for mineral .synthesis have been 
I~ • t ' '>-. L, ' \ '. : I • •-"'-·' \ -. ' 

designed apffl ~p.H:t, at the Unive~·sity of Aberde·e.n capable of withstanding 

pre~sure. s of 60, oo·o P• s. i. ·at lOOo•c. 

For use . in .. cutti~g :, ~~tte;l:'·~al fl';9,m thi:n and· pt'>l!~shed s,estions, 

diamond.. mounted dental · bU.r'l"s <-are · p~r.fli~ul~?t~ useful. Such buliJr·s, . the 

'Viking F. G. t are made D.y Hall.vai.rd f3ss a.~ ·to., Fetsuh(i, ~orway and 

are sold by D·entcrl. Instrum~.:m.ts an.14 l\.cl:e~Q.p~s .I;iimit'ed, 329' :R:egent Street, 

London W. 1. 

A new,_ needle counter which i8 ~eUent for ; finding radio -

active minerals in thin: er po:lisheQ'. sedions ie mad~ by ~~ntieth Century 
,. • } ' ( j I 

Electronics Limited', King He.-n~yts: Drive, ~ew Addington, Croydon, Surrey. 
' '· 

Hilger and Watts make a m-0<nocW;.c:>~eter using a rotating 
,_, .. 

! i 

basal qU:artz S'.ecti.'en whlch is: very :satiis.:f3.ctol'y. but requires a light source 

o1i high intensity. 

. ; ,• 

Li.quiiii,,:eounters·. Ji,(:Jr nn.l .. ct~pa.city for Radium n- (y.ield 3%) . . . 

C.roydon, Surrey. 
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At B. R .. G. M. in Paris a new type of Differential Thermal 

Analysis equipment capable of use under argon or other gas has been 

c;leveloped. This unit is reported to be exceptionally sensitive. Publication 

is being delayed until patents'·are gra:rited. 

Unit for applying metallic coatin'g to thin sections is Model 

12~/i46 made by Edwards <Hi,gh Vacuum i;;i-:rn'it:e·a, Crawley, Sussex. 
' 

Dozent Dr. S. Hou:s·stthl ·a.t Tlt.biinge:n us·es speci'ally designed 

e quipment for growing la:i:-ge crystals u.:p tt> 3 inches, from see·d crystals 

S~SPE'H\(!ed on platinum or nylon. ftlamenti:1n, solutions at room temperature 

and pr·ess-µr:e. 

For accurate determination -of' the Specific Gravity of dry 

powders the Volumeter 'Norarit is very useful. It is made by F. Suffert 

Burner A. G. , 

Basel, Switzerland. 

•l ' r.,. 

Dr. Long at Cambri.dg_e re'Commends the Edwards., model 

6E2 which coiSts £230, for· metallic coating o£ thin sections. 

tnstead o.f buyin,g mol·ybderium cru~ihles Mr. Miller at 

.(:;ambridge- makes them fr:em Z/lt@iO~ mO.l'.ybdemun sheet. Bbttoms a-re made 

·~ • b~-:t~r~i:ng s:Deet through a cy.lin::d(r-ic·a.l d:i:~. Tbe tlil.'&? and bottom are spot 

welded. He tiemtihstra.te<:l i:n~~i:hg .cihe~"tn i,ij~~ : t.l!l.a;n 2 minutes;; 

Argon
38 

spike mate.rial ~ ·~ . available from 
' , ... -. . .. 

Professor K~ Clusi~1s, 

Physics -and Cih:-emtstry IinstitutE;:., 
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Federal U:nive:rsit:y 9f Teo·hnbi03y~ 

Zurich, $witze:i'land. 
.1 .• , 

Fo;.r; work in lead -'free labqratories, Pr~fe s sor Jtiger 

recommends a lead-free ·pm'ly\?"inyl .pla:stic cal~ed •Somoplas' that is 

made l;>y: 

Societe pQ\1.r les· Me~~ ~-res~ 

Geneva, SW:itmerland. 

Radiocarbon an<l Counting 

Ih the Swedish radiocarbon laboratories, excellent anti-

coincidence tubes No. HZ-100, made by Zentralwe;rkstatt Gottingen, 

G. M. B. H. Bunsenstrasse 10, Gottingen, W. Germany, have a diameter 

of 33 mm., length l0-00 mm. and cost 100 DM. 

Lead with an exceptionally, lo.w bq.c$
1
ground suitable for 

shielding radiocarbon counteiFs: is Laisvai1 A-b.ly: by Bolidens 

Grufaktiebolag, Sturegatan 22, Stockholm. 

The radiocarbon lab.oratory at the Geological Survey of 

Finland uses a 1de Vries type• counter made by Laboratoriu~ Professor 

Dr. Berthold, Calmbacher Strasse Z2, Wildbad i Schwarwald, W. Germany. 

Anti-coincidence tube·s u~ed in the Radio-carbon laboratory 

at Cambridge are made by 

Twentieth Centur.y ElectrQnics, 

King Henry• s Driv.e, 

New Addington, Cr.oy,don, 

Sussex. 
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Dr. Willis says they have a lon~ f~ plate;a.u o.f a'5'Q-1lf:!O V·G1ts and have 
rl ' 

proved reliable in operation. 

Spectrog:raphic Ancillary 

A good calculating table for spe.ctrograph1c laboratories 

is the 1Respektra1 made by 

Dennert and Pape, 

Hamburg. 

At the Macaulay Institute for Soil Research they have 
. ~ ,.· .~. 

designed an instrument for cutting carbon eleG:trodes into 111 Lengths 

automatically so that there is no. chance of contamination. 

Vacuum 

Picciotto 1 s Laboratory recommends special metallic valve s 

that will hold vacuum of rn-7 mm. of Hg. They are made by 

Palatine Too-1 and Engineering Co. Ltd., 

64 Brighton Road, 

Surbiton., Surrey. 

In Houterman1 s labortories (Bern} an Alpert type of 

metallic valve has given good service. They are Balzer' s UV 8-H 

made by Balzerst Lichtenstein and cost $2.00. 00 each. Geiss also 

referred to a good metallic val'Ve mad;e by 

Edwards High Vacuum. Limited, 

Crawley, Su.ssex. 
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Geiss recommends Van Hespen glass vacuum pumps blown 

in Chicago. 

Mr. Miller of the Mass Spectrometry laboratory, Madingley 

Rise, Cambri dge has designed and constructed a fairly simple type of 

metal valve fo1' vacuum lines that has been in use for 2 years. It holds 

a vacuum of at least 1 o-6 mm. Hg against atmospheric pressure. It can 

be baked without dismantling. 

At Oxford, Alpert type metal valves used in the vacuum 

lines, made by Edwards High Vacuum Limited, Crawley, Sussex are 

quite satisfactory and cost £40 each. Rotary pumps, ionization and Pirani 

gauges made by this firm were all recommended but with the comment 

that they are expensive. 

X-Ray 

Reference was made at the Geological Survey of Sweden 

' to the X-ray spectrograph made by Hilger which uses a split beam to 

control the counter and thus allows for any fluctuation in intensity. The 

counter itself is thermostatically controlled to increase its stability. 

For clay minerals particularly the Nonius Guinier X-ray 

P0wder Camera is particularly useful. 

3-8 GEOCHEMISTRY 

No attempt was made to compile information specifically 

in this field. The few facts reported here were incidental to discussions 
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concerning mineralogy and petrology. Other data of interest to geochemists 

is described under these headings. For convenience,. these notes are 

written under two headings: field studies and laboratory studies. 

Field Stud1e s 

Work done at the B.R.G.M. in Paris indicates that bacteria 

are able to effect movement of copper and gold. Some of this work was 

reported in the Symposium de Geochimie at Royaumont in 1959. 

I was informed that Saukov in Russia has shown that many 

orebodies can be detected by an aureole of mercury in the surrounding 

rocks. However, the mercury is present only in the parts per billion 

range and there is still some doubt as to the efficacy of the methods 

of detection used . 

A geochemical study of the occurrence of uranium and 

other elements in black shales is being made by H. S. U. Bowie and his 

staff in the Atomic Energy Division of the Geological Survey of Great 

Britain. 

Laboratory Studies 

A fairly exhaustive study of the solubility of the sulphides 

galena, sphalerite and chalcopyrite in various aqueous solutions at 

elevated t emperature s and pressures is to be p-ublished shortly by the 

B. R. G. M. in Paris. Results of this work indicate solubilities from 

10 to 100 times as great as those reported by Garrells. 
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Professor Hocart at the Sorbonne is studying sdlid state 

reactions between BaClz and CaClz. 

Professor Wyart is working on synthesis of cordierite and 

chabazite and other zeolites. He has used magnetic resonance to determine 

the water content and water mobility in chabazite. 

Dr. Wedepohl at Gottingen informed me of a study being 

done by Goguel on liquid gas inclusions in rock-forming minerals. The 

gases are released by grinding the minerals in a quartz ball mill under 

vacuum. The liberated gases are segregated and measured by freezing 

them at different temperatures. The noble gases are analyzed in a mass 

spectrometer. 

Dr. R.H. Filby (Ph.D. McMaster) has established a radio

chemical laboratory in the Geological Museum in Oslo. The Norwegians 

and Dutch have a joint atomic energy programme through which Filby gets 

his ho~ isotopes and disposes of radioactive waste. Neutron sources are 

stored in their shipping containers. 

His counting equipment includes Philips and Nuclear {Chicago) 

Scalers of which the latter is much the better one. Beta counting is done 

by simple Geiger Muller counter in a lead castle. He also has a small 

proportional gas flow counter. He uses a 2 11 x 2 11 sodium iG>dide crystal 

in conjunction with a Nuclear (Chicago) pulse height counter which he uses 

as a gamrna ·ray spectrograph. 

His research is principally on the distribution of trace 

elements in crystals as part of an investigation of the distribution laws 
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during growth of crystals. He grows his own cryittals in a constant 

temperature bath and uses neutron activation to analyze different p arts 

of a single crystal. 

He intends to investigate the-trace element content of 

various reduced chemical sediments. To start with he expects to make 

adsorption measurements of trace elements on sulphide precipitates. 

He is studying the distribution pf Ag and Tl in galenat 

initially by precipitation of PbS. 

Alan Edgar t Ph.D. student at Manchester University has 

been synthesizing various minerals in the cancrinite, analcite, sodalite 

nepheline group. Most of his work has been done using gels rather than 

g lasses. These are heated at 15, OOO p. s. i. and 859 °C,for 2 days. 

3-9 LAPIDARY METHODS 

A. At Amsterdam University I was told of a diamond saw 

that will cut rock slices as thin as 1/10 nun. The rock is bonded to a 

microscope slide and the latter held by suction to a jig that controls the 

slice thickness . This equipment is made by 

Wolfgang Conrad, 

Clausthal - Zellerfield, 

West Germany. 

Cost is apprmdmately $It 200. 00. 



- 10 • 

B. A complex grinding lap ·designed by Mr-. E. Glauser, 

lapidary at Basel University, produces 8 sections simultaneously. 

This equipment is particularly useful for making large sections with 

uniform thickness. It has a braking device so that pressure is exerted 

at the thickest part ·of each section. Arrangements have been made for 

manufactur·e of this inst·rument by 

Mr. A. Wenzler, 

Maschine.nfab:rik, 

Boltighofen, · 

Switzer larid .. 

Although this is an excellent instrument, it is aamittedly difficult to 

bring it into production aml to maintain it. Probably better p~ocluction 

could be achieved by a simpler machine even though more hand finishing 

ma·y be needed. 

In this shop all glass slides are numbered with a diamond 

point. 

C. At Cambridge University 8 sections are bonded to micro

scope slides and pla:ced in a specially designed jig on a surface grinding 

machine. They are ground automatically by the edge of a diamong -impre -

nated wheel to thickness yielding lst order red interference colour. The 

University of Manchester has adopted t~s method but uses a jig that 

accommodates 15 sections in a batch. Manchester recommends use of 

a diamond wheel 1/411 thick impregnated with 120-150 mesh diamonds. The 

coolant used is important and Manchester uses a sulphonate fatty oil base 
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.. ,. 

with .opaque emulsion. A- commer\::ial version of this _ m~chin,e that will 

' 
take only eix sections in a batch ia made by Cutrock Engineering Co. Ltd ., 

35 Ballards Lane'" London N3. This machine is used by Overseas Geological 

Surveys . 

Professor Howie at Manchester toid me that their technicia n 

had littl-e trouble in converting to the 15 batch machine and that they have 

few broken slides. Manchester also have a machine for cutting very thin 

slices but prefer the batch. gI_"inding because it is faster. 

D. At Cambridge all thin sections are mounted in an artificial 

resin called Lakeside 70'" and .pol~shed sections in 'Araldite MY 7531 with 

HY 951 as a hardener. 

E. Poli~ing of ore sections in the Over seas Geological Survey 

and in the Geological Survey of Great Britain is done primarily with 

diamond-impregnated paste. Softer minerals are usually finished mag~esia 
~ 

on cloth. The diamond paste is applied on lead laps and on cloth laps. 

Recently the -Overseas Geologi-calt-Su-rvey ha·s adoptecl·~Ha'1limondJs method 

of using paper -backed aluminum foil on a plate glass lap at 100 r.p.m. 

under a pressure of about 3 lbs. per square inch of surface being ground . 

Initial cutting is done with 3 micrem diamonds and final cutting with 1 micron 

.dia.mond_s, both in '5Cs 1 silicone. 

F. H. S. U. Bowi e has a bull~.tin of -the O.eological .Sur:v:ey of 

·G~e~t ~:i;itain in pres.s which describes .~ method for obtaining a ~ood 

fl<J,t poli.sl;ied surface in minutes. Polish~d sections made in his labor -

atory are supe'.\1or to any I have seen elsewhere. 
I 



- 7Z _;;. 

3-10 MASS SPECTRCXiRAPHY PL...": PR JPARATION 

This section descl"ibes mass spectrographie equipment and 

rn.ethods of preparing samples for isotope analysis. 

Equipment and Filament Prepa1 d.tion 

At the National Nuclear Research Laborator y in Amsterdam, 

there is an 8-inch 180-degree mass spectrometer for solid source work 

and two smaller 60-degree mass spectrometers hone · of which are fitteli 

with electron multipliers. 'Uie large instrument is fitted ~ith a sliding 

vacuum lock device so that samples can be ehanged without breaking the 

vacuum. In essence this is a sleeve arrangement whose tolerance is 

better than O. 00 l cm. and which is coated with 1molycote 1 high silicone 

grease. For lead analysis they se a double filament. 

In Professor Picciotto1s laboratories at the Nuclear Physics 

Centre in Brussels, M. Delwiche is chief of mass spectrometry. They use 

a 32 cm. radius, 60 degree mass spectrometer. This instrument is fitted 

with a new type of vacuum lock that has been developed in con1unction with 

Professor Geiss at the Physics Institute in Bern. Inexpensive metal valves 

made by the Palatine Company (see Equipment) have proven quite satis-

factory in holding vacuums down to· io.-7 mm. of mercury. For lead 

t 
analysis, PbS in a drop of Nf4N03, solution is drfed on a single. tarttalum 

filarr;_ent. This has given very consistent results. 
. '.I 

There are 6 mass spect:ttometers of various kinds in the 

large new Physics Institute at the University of Bern (Professor Houtermans ). 

t i , . 
,. 

' 
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For argon analysis they use a small· 10 cm ... radfu.a, 60 degree, glass mass 

spectrometer with metal valves that can be baked out to p:rovide an ultra 

high vacuum system. A ary ice trap is used between their forepumps and 

' . ' 
diffusion pumps and two traps between the diffusion pumps and the mass 

spectrometers to reduce hydrocar'Won seepage. 
i 

They have one comm.ercial model :made by the Atlas-Werke 

' ~ I 

A'. G. at Bremen. This is ·a solid ·s·ource' instrument provided with a 

vacuum lock. It can be ordered with c'oinplete a~d versatile sample 

systems to suit the cu·storner 1s ne·e<3s. It i.s ~eported to be very satis-

factory and· to be cheaper than equivalent English or American· instru-

ments. 

All othet · mass spe'ctroineters in this Institute have been 

built for specific purposes. 

Filament's used are 1/30 mm. thick, l · mm. wide and 1/2 

cm. long. Rhenium is gemerally pl'~ferr.e:d to tantalum. Tungsten is 

satisfactory for alkalies only. Re is obtained from Chase Brass and 

Copper Co. Inc., Waterbury 20, Conn; U.S. A. Ta is purchased from 

Fansteel Metallurgical Corporation, 2.2:00 Sheridan Road, North Chicagp, 

Illinois. 

Pro£es&or G-eitts insists· on slow h~~ting of filaz:nel'lt to 

ensure stable ion current, particularly in analysis of Rb and Sr. 

Three methods used {o;r- ··1ead analysis are: 

1. If .abua.dant samples, heat as PbS in ._c;:rucible in the mass spectro.-

meter. 
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2. Lead is precipHated as PbS in NH4N03 solution a.nd ,a d.;rop is dried 
. . ., .·. .· ~ 1 

on a rheniurrl filament. Extreme purity of Pb is ess~ntial and con-

taniination by Sn c»r Ti particularly inhibits ionization of lead. This 

is satisfactory for Pb in amounts ~own to 5 micrograms. 
. I 

3. Lead as the nitrate is dried on a rhenium fil~ment at 100°C. One 
' . 

drop of boric a~id is then dried on top. The filament is subsequently 

baked so that a bead forms. This method has proved satisfactory for 

lead in am<::>unt'S ·af less than 1 microgram. 

A new' mass spe.ctrom.eter laboratory: a.t. the University of 

Gottingen is devoted entirely te> isotopic analy·sis···Qf s~lphur at present. 

The mass spectrometer is made by Atlas and' is reported to be very 

satisfactory. The vacuum: i>s obtaine'd by a raechanical pump to 10-4 mm. 

of mercury and by a Vac-lon pump to io-8 mm. of mercury. These pumps 

had been in satisfactory operati0n for 8 weeks at the time of my visit. 

In order to reduce possiblity of •meniory effect•, the 

source end of the mass spectrometer tube is kept at 15Q...°C. 

At Cambridge the only mass spectrometer . is us~d for the 

argon work. They have developed metal vacuum in the laboratory which 

have proved satisfactory. They are also wo.rking on methods qf glass to 

glass seals using an indium ring. Thi.s laborat.o:ry ,is
1 
~otable for the 

initiative and inventiveness· .sh~w111. in ~eve·~oping t_h~i:t oyv11 .equipment. 
\. . 

At .Oxford, three ~as_,s· spectr-0met.~r~ are in operation • 
.. ·, 

One. is commercial Metropolitan V'ickel!'s f;nstrl:irnfent and another is a 

glass Reynolds-type instrument ;made in California. 
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':r,.o avoid r>ossibility pf fractiona~iqn Qf samples, a sintered 

Ta: filament made by coating a Ta fHamep.t with a slurry .. of T a 2 0 5 in 

water and heated in vacuum, is used. 

Preparation of Lead Samples 

A great deal of trouble is taken by all la1borg..toJ"ies to avoid 

contamination by the air,' dust and rea:gents when pr,eparing lead for 

analysis in the mass spectrometer. 

At Amsterdam a special air filtering system is provid ed to 

ensure freedom from contamination. It comprises the following · units in 

order from the inlet to the room: 

a. Heating system 

b. Conical water spray to clean the air 

c. Rotoclone, Type D to remove water by centrifuge action 

d. Air filters to remove residual dust 

e. Electrostatic filter 

f. 1Absolute filter• 

This equipment is in a room 121 x 4 1 x B• but could be fitted into less 

space. The lead-free laboratory has- close fitting doors and the clean 

air is fed in at ceiling opposite the fu..me hoods ana goes out through the 

fume hoods. Heavy mats are placed outside the do~-r. 

Using a 6 Kw Philips induction furnace and precisely made 

$ .• • • • •. , 

water-c;ooled coils embedded' in plastiC· insulation around a 'quartz, water•-

c'ooled va.;uum chamber they ar e able to heat a ; graphite crucible at 2800°C. 
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.' j .. 

They can thus fuse zircons at 2200 °C.and c olle ct t h e lead o n t h e cool 

quartz wall of t he vacuum chamb er. 

In the laboratories of the Nuclear Physics Institute at 

B.rus-se-Is Mines , Deusch and L ed Cllnt d,9 n o.t ih-<;1:v.e the advantage of special 

labpratbrie s fo"J" ~xtraction and pur ificat i Qn ,pf l e ad. Instead their work 

is dohe uncle£ plastic .hoods on the che~n.i~t:ry benc~es. Vessels al'e all 

flushed with nitrogen before use an~ evapo;rations ate carried out in glass 

ves sels c ontinuously flushed with nitrogen. 

'· 

1 

Dr.· Geiss at Bern when di~c~ssipg .contamination of lead 

during its preparation made these points: 

L Contamination during mineral separation is ,negligible. 

2. Filtered air should cause a positive pressure in the chemistry 

la b oratory. 

3. Part of filtered air should be introduc~d dj,re;etly into the fume 
. ' 

hood and part to the laboratory as a whole. 

4. Use air lock between doors if possible and change shoes, use clean 

la b orator y coat s e t c. Personal cleanliness and avoidanc e of smoking 

are· e ssential. 

·5. Have drain in the floor so that the _fabo~atory, ea~ be washed' down 
\ ' . ~ 

periodically. 

6 . Paint should be Ti oxide only - avoid all products containing lead. 

7,. · Air i nlet' ;fnd fume hoods should be stainless steel or fibre glass 

coa.t:ed. B_enc-h tops should be covered with clear plastic. 

8. ru.me hoods should be s.o de signed that th~Y. ca;n be c:9mp1ete1y washed . 

·' t 
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9 . Additional precautions such as plastic hoods over benches and 

ni~rogen flushing may still be advisable. 

Dr. Jaeger at the Mineralogical Institute at Bern does most 

of the chemistry in preparation of lead samples analyzed in the Physics 

Institute at Bern. She uses wet mats outside the door of the laboratorie s 

to remove dust from shoes. Air is pressecrthrough a series of filters 

culminating in an absolute filter. Part of" air is fed directly to fume hood . 

Laboratory is painted with special TiOz paint that .contains less than 30 

p, p. m. lead. Floor of the laboratory is covered with a lead-free asphalt 

mix that contains more than 90% quartz and less than 10% asphalt. The 

fume hoods, ducts, and water drains are coated with Samoplas, a lead 

free polyvinyl chloride. All metal is painted with pure TiOz paint. All 

reagents are double distilled. Dr. Tilton when working in this laboratory 

found his blanks were lower in lead than any that had been reported from 

Patter son1 s laboratory. 

At Oxford, Mr. Hamilton· 'Of' the Overseas' Geological Survey 

had developed a method of purifying air as part of a chain of vessels 

leading into a closed teflon reaction vessel in which the lead minerals 

are decomposed by HF and PerchloriG acid. 

The chain of reaction v.e-ssels for ' d~aning air is: 

1. Dry silica wodl filter. 

2. Concentrated HzS04 arid silica wool. 

3. Concentrated H 2so4 and silica wool. 

4. Distilled water containing a trace of NH3. 
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5. 1 normal HCl with Dowex No. 1. 

6. 1 normal HCl with Dowex No. 1. 

7. Dowex No. 1 resin less than 200 mesh in 1 normal HCl. 

8& Distilled HCl 

9. Air trap. 

Air from this air trap is bubbled through· the reaction vessel. The HF 

and perchloric fumes displaced from the reaction vessel are .· condensed 

iu a closed teflon vessel packed in dry ice .. Fumes-from this vessel are 

washed down the sink. 

In 6 hours the liquid in the reaction vessel is evaporated 

leaving a mush of chlorates. Double distilled, demineralized water is 

added followed by purified NH3. The reacti·on vessel is then placed in a 

centrifuge and the hydroxides are centrifuged off. The precipitate is 

washed with dilute NH40H. 3N HCl is add·ed yielding a 1 N HCl solution. 

This solution is poured from the reaction vessel into a Dowex No. 1 

anion exchange column. Additional 1 N HCl is passed through another 

Dowex No. 1 column and is Q'.sed to elute everything except Pb, Bi and 

TI from the main column. 

The column is now eluted with 10% perchloric acid into a 

closed teflon flask with an air leak. This remove-s 99. 90/~ rof the lead. 

The residue 1s taken up in 2 1/2% NH4.N03, witQ.t hea:t. · H2S prepared from 

~~ ,J .1 • ,; • - ! ' j '· ·. ' . ' •. 

pure Sb2 S3, is then pass-ed into the· solution p·;rec:Lpitatfng Pl:iS. This is 

centrifuged, washed with distilled water and is ready to be applied to the 

filament of the rnass spectrograph. 
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Preparation of Sulphur Samples 

At Getting en, Dr. Neil son is particular 1 y c once-rned over 

the possibility of fractionation of sulphur isotopes during the production 
,. 

of so2· 'from sulphides a~d sulphates. 

Impure sulphides are hea,ted with HG.I. and &n and the HzS 

evolved is precipitated as CdS which is treated ,as a pure sulphide. 

Sulphates are reduced by heating with excess powdered iron 

to. yield FeS. 1£ .barite is . being reduc-ed it is heated at 950 .. °C. but anhydr ite 

and gypsum are only heated at 80.0°C~ The result~ng FeS and BaS or Ca,S 

are then.treated as pure sulphides. 

Pure sulphiaes are baked at 150°C.to remove a.dsorbed 

gases and water. They are then mixed with V 2 o5 under nitrogen in a 

quartz tube and heated for 10 minutes at 150°'G9to yield SOz quantitatively. 

This. is the method descr.ibed by Gave.Un. 

It was suggested that if S02 is frozen down and then heated 

slightly to l"elease C02 , s0me fractioaq.Uon af s 'ulphur .may occur. 

An inter:esting check on possible fractionation was made by 

dissolving galena .(PbS) in HCl to yield. R 2 S. HzS was then pas.sed into an 

aqu.eous $·olution of 1:12 0 2 .~nd Na OH ttl Y'h~ld.· Na2 so4 which was in turn 

converted to Baso4 . Baso4. was roasted. with f!letallic iron to yield FeS 

and BaS which in turn w~re dispolv;ed in HG~. to yielq H 2s. This HzS was 

pre.cipitated as CdS. .The i~o.~opic c:;o:qipos~t~on" of the, , sulphur from the 

o.riginal galena and from the Cci!Swexe c,ornpa_red and ,found to be isotop-

ically identical. 



"" 80 -

' ' 

A new· method for extraction of -~uiphur a-s· sulphur vapour at 

200 °C.directly from sulphi-des by an ~lectrictal m~thod without thermal 
., ' +-- ,. - . . 

" 

diS's6dation has been dev.elope,d :by Dr~ Neils.cm and iS to, be published 
. ,.f i ;· . J ·: ! '1. , / °f' : f- .l .•• - ' 

Natural Distribution,_of Sulphu.r· lsotope s 
,; 

;:-.,._..,._ .... 

Profes-sor Gavelii:1 at the. ,tT,~ver..sity ,of .Stockht>lm stated 

that the isotopic ratios of sulphur. from deposJts· ii;i the highly metamor -

phosed "rocks of Sweden are very cons.~s.te:nt. This ·is in ·marked contrast 

to the highly variable ratios ·of ~ .sulphUT· fr0:rp,. _tJ.:ie weM zoned deposit s of 
... 

Cornwall. Ratios in Co~mwall show .greate~t v.ariation where sulphates are 

present, which suggests that there has b'een local fractionation. Professor 

Gavelin noted that i sotop'e ratiq .~ of ., sulph1:t.r, .. foi-om ~he -TTi- State ·lead-zinc 

deposits are in the normal s~rlphate, l".ange. I~ w0Uild ·be. interesting 

therefo!"le to check the ratios of ,•sulp-hur from the: Pine .Point deposits. 

3 - 11 ME:TE ORI 1i'·ES 

Although most· mit\l.ell"a~.; eol~~tion.s see11 GON.tained abundant 
'· . . .... l~ ·' · • 

specimens of meteorites·, rel~tiv~lr, .. ~l:t;tle ~'f P,,rk appeiilrs to · be .in p-rogre s s 

in this field. 

a.nd .stones. 

,t• 

precise n1easurement of the true width of kama-cite 'bands he hopes to 
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be able to trace the reheating of the meteorite . With this is combined 

the distribution of the nickel in kamacite and taenite. This 

together with accurate determination of the ce~l cliinensi6ns t>f 

kamacite may yield data concernin~ nalcPotemper;ltur-e . 

Relatively .Utt e work has been done to dP.termine the trace 

element distribution 'between meta•ls ancd ,silicates. As a start on this 

work, Dr. Hey has ·devel0ped the use of clean ·d'.l"y Clz a..t 1'5'@-35•0°C to 

break down the iron and sulphides and to leave the silicates untouched. 

The material is leached with water which dissolves the chlorides and 

leaves the silicates as a residue. Any silicon that may be in the iron or 

sulphides forms SiC14 • The clean silic,ates are separated by gravity and 

megnetic methods . 

Dr. Hey uses colourimetric methods extensively in 

determining the main constituents of various minerals using samples 

as small as 1 mg. He also uses neutron actiyation done at Harwell. 

When analyzing roeteorites as a whole, the size of. sample is determined 

by the minimum required to be representative qf the facies of the meteorite 
J, 

At the Geologieal Survey of Finland Dr. H . B. Wiik is 

working on the analysis o.f stony meteorites.. He is partie~larly intsrasted 

in the ratio of iron as sulphides versus iron as oxides and oxygen salts. 

Dr. Geiss and Dr. !Here at the Phy.:.sics Institute in Bern 

have been working on the -rare gases and :radioactive iosotope s ·i·n meteorites. 

The Abee meteo-rite was found to contain an unusual abundance of rare gases. 
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3-12 Mic r o scopy 

Relatively ~ittle of interest was encountel'ed in equipment 

or methods used in mk:toscopic study of minerals. 

Zeiss has develop ed a new integrating ocular for dete r -

mining the mineral content of t hin and polished sections. ·'' The.re are 25 

p0ints mathematically distributed over the field of view and the minerals 

lying under each of th_ese p-oints are recorded. It has been found that for 

most rocks observation of .400 points gives a satisfactory quantitative 

determination of the mineral ~ontent. The method has been tested by 

Professor de Roever 1s studen~s in the University of Amsterdam and has 

proved to be much faster and more reproducible than standard methods 

of traversing the surface. 
t ., 

In the same laboratory, Mr. Zwartkruis showed me a method 

' · . . 
of plotting 4 components in a single plane. This method wa·s devised by the 

Russian, Koryen~ky, and is described in his textbook on 'metarnorphism. 
. ' 

Professor Uytenbogaardt has tested th~ new Leitz ~Durimetf 

whic h is used· for accurate determination of the hardness of minerals. It 

is a complete microscope with a eentered diamond that Swings out of the 

way for observation and measurement o-f the · indentation it makes. This 

. instrument has proved to be . th~ best hardness tester used .by- Professor 

Uyt(ta bogaa r dt and i s ve ry us·eful, aiq in detE;rmining opaque mineral s in 

p oli shed s u rfaces. Its cost is in excess 0{$1000. · 

' I 

At t he University of Paris, I was told that Mlle. Oberlin is 

,'· 

making very successful use of the electron microscope in the study of clays. 
,, . 
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In the- Atomic Energy Divi:sion of th-e Geologita-1 ·Survey of 

Great ~ritain, f,I. S. U. Bo~ie has developed ~ simple ;s:ystein for identifi 

cation of opq.que miner-,.is in polisti.etl sedions l:>y determining their 

reflectivfty and micl'ohard·ness. Th,-is method is simple to learn ancl is 

very preeise. It is, however, depende'lflt upon. a go9d ~Ad reproducible 

method of polis·hing sediens. T.h_e refl.ectivity i..~ d~ter,~~~~d: b.y ~ p~ot~ 

-Sensitive cell placed in the ocular tube of a mieroscope . The reading of 

reflectivity C1f the unknown :mineral is compared with :.the reading from an 

equal area of pyrite. The har<l:nes.S-is -det"ermiried by a ;~icrohardness 

tester that ~wings ·in and makes a·n-in-dentation .in the .min,e·ral whose · $Jze 

is accurately mea·sur.ed • 

. Dr .• Munro at the University of Abe.rd~~m has been studying 

err.ors, ,in measuring the angl~ · 2Y. in olivines. usi:q.g the cbnve-ntional glass 

spher.e·s in a mineral stage. Where 2V is greater than 30 ·.0 appreciable 

errors a .s great as -3° occurj·due to rei:t"a&tiop in the centr~aj. gi~ss plate 

and to other factors. Using' sphere·s of ·albite, olivine and topaz-, Dr. Munro 

is making .precise d'eter·minatio~s of ZV. From the:se it is expected that 

corrections can be calculaj;e'd ,for :determinations rll~de·(,o;q- the u:o.iyer sal 

stage. 

In Belgium th~re a .re twp, majo~-:n:i.ineral ce!>lllEt.Ctions; a 

more general -one supervised by Dr. Van Tass~!- in L .'Institutl'Royal des 

. ' 
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Sciences Naturelles in Brussel s a nd the uni que collection oi minerals 

from the Congo in the Musee Royale doe L'Af·dque (i;entrale'. at Tervuren, 

' ; I -· ' 
a few miles south of Brus·$els. , The latter ha.s. been. largely the work of 

the present c ur'ator,' Pr.ofessor L. Cahem1 ai~ cont ains ah. b~tstanding, and 

I I I · J • . • ( ' \ • J ~ • ' 1 \, 1 '; 

?-nique co~le,c t~on of°urani'ilm .minerals from Shu ikolobwe. 

, ·r· r • · ;' ·: · · • 1 
- , .. , < , '· . 

. In Paris .,ther,e ar;~ . th!t'e.e_ no:t~ble _colleCtions: 

} . ' ' , , -, ~,' r I I ")-. • '·1 , ' • ,,. • 

l. In the ' Nationa~ · Museum of.~N~tural Hi.story ~~cile:r· Professor Creel; 

2 . In !'Ecole N~tionale . Supe,rieure .des-'Mine,f?. a ·~- Pads' under 

. Professor Gui}!emin; 

' ' \ I - . r'· 

3. 
1
ln the fa·i;'\l.lty of· Sde.nce of the Uni.~e~~ity : of ·Pa;ris under Profossor 

Wyart. 

Mr. Jeam Prouvqst v;.ery kindly show.ectl me the mineralogical 

labora.to ries of the Nationar. Museum ·and ar.rangel for m~ 'to see· the National 

CoUe~tion even though th~ buB.di~g, hou:sirig it wa~ closecl for repairs. This 

building is in the form o~ a long gallery at .least~. 2 storie
1

s high and lighted 

by windows and a long skylight. The collections a~e well displayed on a 

sy,stematic ha.sis of t he an.ions. In addition, special collections in 

distinctive .9ases illustrate the mineralogy of spe,cific elements, of various 

n:lines
11

apd mining catnps, of various cry·stfl.l syste~s ·etc. This .is France's 
l /· - • t 

i_I , 

premi~r cqlJ,e.ction and as would pe· e~e.ct~d ,of a nation. that has been a 
' I ' . ~ . 

pion.e~r j11 . .rn~,neralogy, this ·coll~cti'on is ,°!lp.ique • 

." j '. - • ; 1 I •• ~ • :') (.-'.>: \ ") '' 1' , . 

. Spec~wE1nsA ~re l~st~d .ill acces~'*>:i1bobks iri.'the order in 

) f ', , ! i . i • • :! .·.; .' ·_: '.' _I' ; ? i; L ' : ' .. : , . , ;1( , -'·' 

which they were acquired and also by; name. and by 'locality. The catalogue 

compiled by' Professor A. La:cr6ix in. 19'3'1 ·i~ _.S
1
till ·th e

1 mo~t complete 
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listing of this collection, 

A smaller collection but one that contains some magnificent 

specimens has been recently revised by Professo:I;" Guillemin ih L'Ecole 

Nationale Superieure des. .. Mil1e s de -Paris. This collection 1was .started i n 

1735 and contains over 100, OOO specimens. Spe'ciinens .. o~ di&play occupy 

. I 

·most of the first flop~·" of the handsome H,ote•l Vendome that wa~ built in 1707. 

r I j , • · 1 I 

Many private collection-~ were purchase-cl or received as 
' • l . 1 • 

-:. I (I 

gift s and som.e of these .have ·been kept intact. They contairi some of the 
I 

finest s'pecimens and are of exceptional interest on account of their 
j ' ] t ' t 

arrang·ements and labels. The systematic collection consists of 8, OOO 

specimens arranged according to the classification of Strunz ( 1958). 

The Norwegian National! Collection of minerals is housed 

i n the Geological Museum and is under· the supervision of Dr. H. Neumann. 

It haEi particularly valuable and rare pegmatitic. minc,rals from such 

classic Norwegian localities as the Langesurid Fiord. Some of these 

localities a·re now protected and further collection from them is prohibited. 

The Swe dish National Museum of Natural History in 

Stockholm under Professor Wickmann assisted by Dr. O. Gabrielson 

is in the same building as the GeGlogicai Survey. · :It hae an exceptionally 

fine mineral collection, with special collections .of .i:a-re .~inerais from 

such famou s localities as Ytterby, Lan?-a~ ana Boliae·n~ I ' .. 

I, - • 

In the Geological Survey,. a.11 m1neral and ~ock specimep.s 

and notebooks are catalogue-cl and retained for reference. 
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The National Mineral Collection of Finland is housed in 

' ' 
the University of Helsinki and is now supervised by Dr. Waasjoki. 

. . . .• . , . i. - . , · ~ ' . [I • V J :• ' 
Although th'e 1 Kola p 'eninsula :ha·s ,now been sei~ed by Russia there is 

\, .._, ~ 
1. , \ !r p:, ... .... . .. 

• ·' a fine collection of rare minerals from that well-known area. The 

collection is o r ganized in accordance with the classification of Strunz. 

,,1 

The minerar collection in· the British Museum is the 
•. . I . .. •1't• 1'.: ,t O '. 1t.• ' -, 

' t . - · - 1 '1 "' .f • .; ~ ; ~ i • ~ ... ( ""'> \ - 1 .1. -._ ' I 

.finest se-en on thi
0

s tri'p. - ' The 'c·oii'ection is based on the classification 

) '!. 

of Dana, 6th edition, modified b
1

y atomic structures. Within each species , 

. j ' " ' ._ 

the specimens are arranged by geographical location. A much smaller 
.... ·::; ':_(_,·. 

duplicate -collection for e~change is to ~onsist largely of specimens from 
••I I 

Great Britain. 

The collection is catalogued primarily in order of accession 

and locality, source, and a considerable volume of data for specimens are 
I ' 

recorded in the main accession books. The collection is also catalogued 

on a card system arranged in order of the Dana classification. In addition 

the. following records and cross indexes are maintained: 

1. Donor--s and others from whom specimens have been 

obtained are recorded. on cards. 
-\.· 

2. For each ~p~cfe· s, lists of localitie,s, synonyms and 

. ' t ·-

varieties are maintained in file sheets - not on cards. 

3 . 
: l \" • ~ I, I .'.. ~ ': '. - '! 'l' : ' .., _,.' l ' •; r· ,_. 

'A Hst of prominent localities and minerals available from 

' I l • 

each. 

• 1 • .;..e .. 
4. Spec'ia1 inde:x of ge'rns • 

f'f ' I 1 -~ \ .• _; 

..:..~~ 

5. Sp.eciai index of p-~eudomorpns. 
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6. List of discredited specimens . 

7. Listi of, meteorites. 

The normal specimen.s da: not· exc~ed 4111•x 6 11 and r;nost· a.re s_mp.ll~r. 

Label& aire mad.,. of: goof3l r,~g. (banknote , a . ~r wi h 

permane t cl<"ta ree-orcled in india ink. La.be·h al'e (lff"x~di to specimens 

wit1'1: seccotine aruil if the following pl"~·edu!"·e is foJ:lo:w:e<f}, w.i:.l\ :not Hake. off: 

1. A spot of seccotine is applied in a sl~gh~ dfAP.l.'~ssion on the 

surface of the ·mineral where the label will be pl'.otected. 

2. A few fibres of cotton wo.el are then worked lnto tlw 

seccotine and more seccotine added . 

3. The label is soaked with water and excess water shaken off. 

4. The wet label is pressed firmly into the spot of seccotine so 

that all excess sec.c.otine is s.queezed out. 

A fairly large amoup.t of research is, bei~g dm1e by the 

professional staff of the B.ritish Mu.!,'eum. Laboratol'i~s i:ac~u,cl,e complete 

X-ray, chemistry, mineral s~paJ:iation and spectrogra,phic la:boratories. 

There is a staff of 5 professional mineralogists under the ;Head Keeper, 

Dr. Claringbull. 

A second rmajoir collection pf rmi~~t:.flil~, .J.~ ·~~intained in 

:the Museum of 'the Ge@fo;g.ical Survey of .G~t ,;Br~tain. 

ln the .cour-se of ·wer.k on ;.$OUr,~ .e~ qf raqioactive materials, 

the Atumic ·Ene·'I'gy il!livi sion of 'the Geological :Sur:v.ey ofrGreat Britain has 

·collected quite a iliarg!e ,number ~£uranium ;and 1thorium .pi.inerals. 
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The mineral collection at Oxford is now in the care of a 

very able and keen collector, Mr. A. W.G. Kingsbury who is an authority 

on the minerals of Great Britain and Cornwall in particular. 

Mr. Kingsbury is currently making 'a~ compfe't'e review of 

the collection at Oxford~ which in oommon with:·other university collectio &, 

has suffered depredations by ·lectur.ers :--seeking specimens for, teaching 

purposes. The collection is to be arranged in accordance with the new 

classification of Dana. 

Of particular interest is a cabinet ·of l 9th century specimens 

in which perfect crystals were glued on to the surface of pieces of rock or 

ore. Usually the crystals were imported from a locality in which they 

w e r e abundant and glued on to rock specimens from other localiti~s in 

which similar crystals were known but rarely found. 

3-14 MINERAL SEPARATION 

Unusual equipment for mineral separation that is availabl e 

from dealers is listed in section 3-7 Equipm,ent. This brief. section deal s 

with a few ot her devices and some methods that were not known to the 

writer. The methods and equipment in · common use in Canada are not 

listed. 

At Basel University clays. containing foraminifera are 

impregnated with a solution of FeGlz. This · solution is absorbed difft:::r

entially by t he fo r aminifera. After drying, the clays are passed through a 

Frantz marnctk separator which removes thf" foraTP~riifera~ 
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~. ' 
Also at Basel a very ~ffective instrument for concentration 

of mica has been developed. 
• J '' 

It consists of a sheet of plate glass 12" long 

and 10" wide, susp~_nded by, coil springs at the 4 corners stretched 

diagonally, parallel to the.plane of the g,las~. The shorter side of the 
' ,, 

glass. is tilted at 15 degrees to the ho.rizontal1 an.d''the longer side is 

horizontal. The plate is vibrated parallel to 'the longer si'de by a rod 

attached to the middle of the under side of the plate and at an angle of 

30 degrees to the plate (measured on a vertical plane parallel to the long 

edge). The rod is driven by an eccentric ha;v.:ii:ig a throw of 2 mm. by an 

electric motor whose speed is vari_ed .by a Yq.r.iac. Details of thi s instru-

inent can be obtained from Johannes HuJ:?:zik~r, M.in. -'Pet. Institut, de 

Universitat, Bernoullianum, Basel, Switzerland. 

At Cambridge samples are eru•shed and i;;ized. The sized 

fractions are then pass,ed into a n elut-l"ia.t'o r'.t'o m a }.<.e a roug h g r avit y 

separation. Products of this separa tion are then passed thtough a Frantz 

Isodynamic Separator. Final separation i'~ ·effe'otea in . B~b~6form, Clerici 
' ' .. 

aolution of Methylene lod;id.e in a centrifuge. 

It was noted that in virtually all laboratories, heavy liquid 

separations were exp.edited apd made- mo--:re ef~J:i:ctiv·e by use 6{ a centrifuge. 

The Overseas GeologicaL s.uryey .ha.-.s · a:.ver.y w~ll-equipped 

mi'neral s·ep'aration laboratory. They- ra.rely,' U:s~ the W:'i1fl.e'y fable and use 
- r ; ~ ( 0 1 ,,. - l :-.11 ! r·. 

the Superpanner only for rough separations. 
. · ·, ;~· I 1.:·· ~ ~ ·. · ' t 

.For precise work they use the 

micropanner described by L. D. Muller !n paper 52; Group IX of the Inter-

national Mine::~l Processing Congress, 1960. 
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The fine dust in light powders is c,l"e_rr1.p,v.ed by the Laboratory 

Hydrocyclone. For mineral separation these powders are accurately sized 

and then passed over a Raymond air separator. Jhis .. ~s p!l;rticularly useful 
> • ;. • • • • ~ i • ' • • . tO, '·'' '. I' , , 

for separation of diatqrtis and for .cl'ea.ning up in9u.s,trial .mineJ<als. 
) l : .: ·' ,. ,' , • ' ' • -, , " ~· I ' • f l , ( • ,'._ , ' ·" · • ' ) I J . ·' , 

For : m~ .n~ral s_~par·a~"io·~~· t~~\rre . ~Jfi.s.~Jt P)fd~,f,~'Yi~y or, 
• ·'· 1 •• ' ' • ' ~ 

must be dry, clean and perfectly sized. r /he' ultrasoni.c disontegrator is 
,· l .. c.·. . .. · ' ' · 

.ised to clean sa~ple s that have co~ting~ on. th.~ gratns . , It is usu~l~y a.n 

advantage to heat the sample to 300°C.t!-n?~r a ban~ of. infra red lamps. 

Optimum grain size fen this instrume;,tt is 85-100 mesh but fractions: tjpwn. 

to 200 mesh can be separated. This .s ,~.pa;ra.t~r ;is effecHve .. fo;r concentration 

of zircon, rutile, ilmenite, cas~iteri~e, sch~.elite, and ;wolf!amite. 

Commonly three fraction ,s ar.e mad.e an.d ~1slptlly i~ is 

necessary to pass the concentrate through 2 qr 3. ttmes .. 

Tetr.abromethane is the heav,:y, ltqµid. ~om;rx:p~ly u,sed and 

separations are always made in. a centr.ifl.J.gEf ·With, t~e P.f:l<~cta.l tube described 

under 1Equipment 1 • 

crushed by hand y.rith a ,~~ngsten carbide morta,J; a~~ p,est,le . . The mortar has 
' -• 1 !_, , _.· . I • J , ,) • ·•• l , , 

a cyli~dr~cal tube. of .. Pe.r s~e~. ~r<:>U!ld ~t~1o 1 Ff1.~~eP.t, ~r,~ins ~~~tt_r.:r.ing 7 Final 

grindl.ng is done in a p.ow~e,!ed ag1te 1'119,rfa~. _ ,9.~re:_e, ning _ ~l? do?ec: thro;ugh 

cylindrical sieve~ n;ade .of1 .pe.,rs~e~\, ~~~ ftl~:of.?',,~9f.it~R~ll<f~1~t~. _,I • 

Mineral separation is done . largE!ly)n, Fr.a:q.t~ _.separator s and 
, : ··-• __ ,.- _J • • • I ; 't:• ~c.: .;, ;. f . j f • - r • • • 

heavy liquids. Clerici solution is commonly u.s~d, and ~lway,s in a centrifuge. 
1, ',.. ,.,.:_ '. , l_, • ,,• l . ' ' -· · .>. • • r • ._ 
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Thallium contamination is inevitable when this s·olutfon. is used. 

When prepar:ing ~ica for ·' Rb/Sr age · determination, 

Dr.· Jage'r recommends '.th;at micq.. b~ separated at the largest possible 
I .. 1' ' . ' . 

. size of flake. Afterscrushing, the p:roduct 'i ·s pas.sed, t~roltgh , a bank of 
Y"" 

' . .. . . I 

shaking sieves. First .sepa·ration is then made using a vibrating or 
···'\ ~ 

" :· •' 

:: • ' : - . .:·'(.· ·~ - l(f.'t .·· '.' . 

shaking g1ass plate (see above)". ·c.;m,1y .perfiect flaf flakes ·are r~tained~ · 
I ; 

• . • ' t ). '. . • ',. ' I . : 'r'.'( f ': • ' I 

These are then ground in an agate fuorta.r und:e ·~ flqo_h6'~ ~~ing light 

., ' ' • .;' • 1' - t ' ~ I! . 1' -. .1 ' 

pressure. This is e_ssential to split the mica flakE!s and 1reie'ase the 
" 

apatite inelusions. 
. - . • . . • .... . . - ' 1 ! 

The product is then pass,ed flirough._a.- rnag:netic ·separator. 

Finally it may be necessary to rem~ve the 'heavy 'fraCtiOn. · Dr. Jager adw-ise s 

that heavy liquid's s 'houla hot be used for this purpos·e. · 

3-15 MLNERALOG ¥_ .. 

This section deals primarily with work in 1pr'ogress in 

mineralogy including X-ray methods .and synthesis of minerals. No 

attempt is made to give details of the studies; the purpo'se is to indicate 

as briefly as possible the scope of the work so that those inter ested in each 

field may W I i te for information. Studies 0:£ rock formihg minerals p art i 

cularly are providing 's om~ "eviden~e of their geti~~is. · · 
I j I ~ '.' . :· '. ' 

For ,convenience, these notes are g'7ouped ·uriaer the 
I ' '(." 

foll owing . .mb -headings : .. 
\.,'·,. 

General mineralogy 

M e tallic minerals . ·-·.-. ' ·~ 
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Rock-forming minerals 

Supergene minerals 

Synthesis of minerals 

X-ray methods and data 

A study of the relation between reflectivity, hardness and 

atomic structure of ore minerals is being made under Dr. C. Guillemin 

at the B. R. G. M. in Paris . 

Mr. H. S. U. Bowie of the Atomic Energy Division of the 

Geological Survey of Great Britain is developing a method for identifi

cation of ore minerals based on a combination of their reflectivity and 

hardness. 

Dr. G. A. Deicha of th.e University of Paris is studying 

liquid and gaseous inclusions in minerals. 

At Gottingen, Mr. Goguel is also studying liquid inclusions 

in rock-forming minerals. To release them he grinds them under vacuum 

in a quartz ball mill using quartz balls. 

Dr. Joachim von V.altee has written in German a very useful 

and complete paper on oriented i~tergro:-vths in minerals with an excellent 

bibliography. 

Professor Barth has found that most K fe ldspars ar_e highly 

triclinic or not at all, and that therefore triclinicity is of little use as an 

indicator of the genetic histor y of the rock. He believes that the rate of 
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cooling oJ·the rock is a major factor in the development of triclinic K 

feld spa':t"s. ,.'( ,. 

At the Uti.:iver·sHy of Oslo, Pro:fies,spr I. 0£~.edal is working 
~ ' r r- ' . f ., 

on trace element .distribution in mineT,ails. Wherce there is evidence of 

exsolutfon, Profe·ssor Oftedal :cont:rra:.ets the3~ac~ element content of the 

high temperature .phase. with the c.ontent.s ;oftl}e 1qw , tf.=!:rnpe~atu:e phases. 

At the :University .oi Storekholl:q,i,,_.Doc;~nLDr. 0. Brotzen is 

working -on the pa:ragenesis -0f m:~nerals ·in var,ious -types of pegmatites. 

Research on the distribution of trace elements in sulphides 

and its relation to the Kullerud method- of palaeotemperature determination 

is being done under Dr. Guillemin at the ·B. R. G. M. 

Dr. A. P. Millman of Imperial College is a specialist in ore 

microscopy a:iud is pioneering use of the electron microanalyzer in this 

field. (See also und'er 3-6. Elelttron Microanalysis and Diffraction). 

Metallic Minerals 

M. Gapitant at the B. R. G. M. Parip is studying minerals of 

the Pb-Sb-S system by use of the electron microanalyzer. 

Atomic structures of su)phosalts are beil}g studied jointly by 

Professor Novacki at Benn and P,rof.esso:r. :C~~ie17 _at the University of Paris 

(Sorbonne). 

A study is being .. made at the B. R. G. M. in Paris in the 

alteration of cassiterite, wolframite and chromite. As part of this work, 

reasons f or the d iffe rent Fe/Cr ratios in chromites in placers and chromites 
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in the .original rock source of the placers, are beili~ s"orted. In part it 

may be due to substitution of M~·· for· Fe. 

Dr. Waasjoki of the University of Helsinki has published 

an excellent paper on the chrmnites of the Kern.i deposits, northwestern 

Finland'; Bull. Comm. Geol. Fi:ttland-e, l\To. l.,4, p .. 1-26, 1961. This 

paper contains illustrations c:lf. 'the ·variati'0n in the Gr/Fe centent of 

adjace-nt g;-a!ns determined by the electron~·mi'ero·analyzer. 

In a study 0£ th:e tailing~ f.rom. the J. c·~ I. Mirie· in South 

Africa, Dr. A. P. Millman at Imperia.).: C.Olleg.e: identified a! new mineral 

which is essentially a ferro-plat1num. a::l'.it'>y· containing 84% P, I4o/o Fe and 

ZO/o' Os +1 Pd. Associated wit'li it' w.ere trace§: of cooperite, braggite, 

alurite and ~old. 

Dr. Vincent a:t Oxfcrrd', b :r:na;lclng· a: th'orc;mgh stud'y of ~he 

opaque minerals of the fam·ous Skaergaa·rd't intrusion, pa·rticularly 

ilmenite, titano-magnetite and ulvo·spin:el. in hi•s stud'y oi th·e sulphides 

from this intrusion he is as-sociated with P:rofesso:t1· W:~t and Dr. Stnales 

of Harwell. 

At Ol!llo, tlie analyst, M'r. Jhuun has a:.nalyzed and as, yet 

unnamed niobate -tantalite mineral with the foll:owing composition: Si02 

4. 09%, Ti02 4. 04 , Nb 2 o 5 38,. 51, Ta2o5 3. 06, Fe 2o3 z. 63, FeO o. 56, 

MnO o. 32 , PbO 1. 1, ((RE)z· Th)Oz 10. 5, UOz 11. 22, U03 5. 16, Cao j: ~~. 
HzO+ 6. 25, H2 o- 3. 39, A1 2o3 + Cr 2 0-.3 + B'eO 5. 75. Total 100. 13 
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Rock-Fanning ~nerals 

Professor de .Roever at the University of Amsterdam has 

worked out a sequence of minerals indicative of various stages of meta-

morphism. In Alpine rocks; the _association of glaucophane, jadeite 

(usually mistaken for diopside) and lawsonj.te ar,e indicative of dynamic 

metam'Orphism; the .albite-:epidpt~ -Cl;mph~bolite _~-~.s<?.Giation (green schist 

facies) may he indicative of either rly-ne.m~c .o.r static metaµiorphism; and 

the ,amphibolite-almandine facies is us.ually indicative pf stMic load. 

· Professor Uytenbogaa.r.dt. has completed a paper showing 

that Fe and Ti minerals u~iformly exs:o~Ve<l in: .~un.phibolites, a re indi-

c ative of a volcanic rather than a se.dimental;'.y origin. 

Professor Picciotto has written extensively on pleochroic 

halves in micas-. He has found that. the:y may be u,:;ed to interpret the 

thermal history of the mica but are not very suitable fo.r age determi nation. 

Because haloes are destroyed by .metam9;rphism; they_ can indicate only the 

age of latest period of metamorphism. A bit?tite from J:;ganville, Ontario 

studied by Henderson at Dalhousie in 1934 is unique in that" halo.es ' in it 

indicate that a 2 mo e. v. ,< - emitting isotope, previously unknown, is 

pre sent in it. 

Professor Ro_senq.uist at ,the. U:qiversity of .Oslo is studying 

layered minerals, clays and micas,, Hi:s worf\_,,,~hoy>'~ that _ lan<;i slid~s are 
' ' • • I. ' 

likely to occur where clays that were dep.osited in salt water have been 

subsequently leached by fresh water a;ii9 the. salt has been removed. 
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At the University of Helsinki, Professor Sahama is working 

on kalsilite and other minerals of volcanic rocks& 

Work done by the Atomic Energy Division of the Geological 

Survey of Great Britain, principally in Rhodesia , has shown that a very 

high percentage of beryl present in pe:gmatities is much too fine-grained 

r.·; 
to 'be so·rt~d by h~nd tobbing. In vetryi m.a,_ny instances the fine-grained 

beryl was recognized only by u-se ~~£·.a' ·beryllometer. 

Dro M .. J. O'Hara at EdinbuTgh.is -working on the composition 

of. .. coex.isting pyroxenes, garnets etc. ifrom the Lewisian gneisses in the 

Scourie district of Scet1a:nd. 

a,.l-. ,I • ' , -:f. • I..> .,. 
Mrs. G. Borla y at Impe:ri:a.t Colloege has .com.:pleted research 

on amphibo~es from Nigerian granites which is to be submitted to the 

Journal of Petrology for publication. 

Dr .. Go M. Brown at Oxford is doing extensive work on the 

composition and lattice parameters of clinopyroxenes. One of his students-1 

Mr. B. Atkins is working on the pyroxenes of the Bushveldt Complex. 
- 'j 

A great deal of work on rock-forming minerals is being done 

at Oxford.. Dr. Vincent is a specialist ·in -the analysis of silicate minerals 

and using modifications of classicaJ.- ~ethpds,- rn.~es complete mineral 

~ .. :; \o. "' 

analyses on as little as l/~o gra:m~ Dr. Lamhert is wofking primarily on 

'' ·- f.. -. '· 
amphiboles and other rnetamorphiC minerals.. Dr. Butler is particularly 

i:nfereste:ct in micas. 

' ·, 

0£ particular significance tO mineralogists and petrologists 
,, ., ·, 

,. ' 

alike is the forthcoming publication in 19-62 of "Rock-Forming Minerals0 
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by Deer, HG>wie a.nd Zussman in 5 volumes. I was shown part of this work 

in page proof and there is little doubt that i~ will be the major reference 

work in its field for many years. 

M·r. John Rucklid'Jle at Manchester is classifying serpentinrr 

on the basis of their X-ray powder patterns • . He is particularly interested 

in nickel-serpentines and is studying separation of nickel in the thermal 

decomposition of serpentine. This is a major contribution and Mr. Ruck,lid ge 

is employing 2 diffractometers in the work. He noted that sepiolite is 

commonly mistaken for serpentine . 

Another student at Manchester, Mr. Frost, is studying the 

structure of amphiboles by powder diffraction methods and uses a computer 

t o calculate parameters. Much of his work has been devoted to tremolite 

and riebeckite. His intention is to work out a method of estimating the 

composition of amphiboles from powder diffraction data. Mr. Woodraw 

is working on the structure of astrophyllite , whose structure has some-

thing in common with mic~ and with amphibole. 

Professor R. A. Howie is studying the composition of 

orthorhombic proxenes from charnockites and other metamorphic rocks. 

Curves based on the analyses of the.se pyroxenes differ significantly for 

those of pyroxenes from igneous r,ocks. Dr. Ha.mat) from th<e Geological 

Survey of the Sudan has been working with Professor Howie on Pyroxenes 

in olivine 2bombsu from volcanic rocks. On the Mg -Ca-Fe trigonal dia-

gram, analyses by Hamad lie on a line cutting the Mg-Ca side near the 

Ca end and the Mg - Fe line near the Mg end. The latter intersection 
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coincides with work done in the United States, but the U. S~ work lies 

along a line intersecting the Ca-Fe line near the Ca end. 

Another Manchester graduate student, Mr. J. Nolan is 

working on the albite-acinite system. 

Supergene Minerals 

At the Royal Institute of Natural Science in Brussels, the 

se nior mineralogist, Dr., Van Tassel is particularly interested in super -

gene minerals and particularly sulphates, phosphates etc. of irono At 

present he is working on ferri-tungstite which he has found to be un

expectedly common in many ocher deposits. He showed me remarkably 

fine specimens of crandallite and of banded autunite -torbernite from 

Belgium. 

At the B. R. G. M. in Paris particular attention is being 

given to description .of a wide group of arsenates, v-anadates, phosphates, 

copper silicates and other supergene minerals. This work is being checked 

against synthe tic products. 

Studies of super gene manganese ores, by Mr. T. Deans at 

the Oxersea s Geological Survey ha's shown that they are scavengers of 

ether metals. In one case they were found to contain over 1 % Mo and W, 

V etc. have also been found in significant quantity. 

Synthesis of Minerals 

Mention was made above of synthesis of supergene arsenates , 

vanadates, phosphates etc .. in the B. R. G. M. in Paris. 
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At the University of Tubingen, Dozent Dr. S. HaussUhl 

grows a:rti'ficial crystals at normal pressure and normal but controlled 

temperature from aqueous solutions. Using seew::J ·crystals susperided on 

platinum wire or monofilament thread he grows magnificent er sta.J s of 

NaC103 AgCl03 AlS04. 6Hz 0 and Guanidine (?) up to 3" diameter in 

. . 
periods ·of 2 to 6 months. Impurities in the .parts per million range in 

the solution can alter the habit of a growing crystal. 

In the Geological Museum at >~lo, Dr. H. Neumann has 

synthesized euxenite both by sintering and from aqueous solutionso 

Mr. Alan Edgar a g;raduate student at Manchester is 

making an intensive study of the canerinite series by synthesis at con-

t rolled temperatures and pressures and has established 8 separate phases. 

His work has been done with gels in ·aqueous suspension between 200 and 

800°C.and between 10, OOO and 3-0, 0.00 p.. s.i. He is also investigating 

relationships between nepheline-cancr.inite and nepheline-anorthite. 
; 

The laboratory for- synthes-i.s of minerals at. Manchester is 

extensive and well-equipped. In a .study of feldspar phenocrysts in granites . 

Dr. Carmichael has shown that addition of 80 3-<l/o acinite and 8. 3% sodium 

silicate to the granite synthesis shifts cgmposition of the feldspar phenocrysts 

toward the orthoclase end of .the albite -orthoclase equilibrium. 

As mentioned under geochemistry, Professor Hocart at 

the Sorbonne has synthesized cordieri.te ~nd chabazite and other zeolites. 



- 100 

X-rav Methods ancl Data 
-~-

Precise X-ray diffra.ction patterns from oow P-rs are ade 

in the B. R. G. Mo and at the Sorbonne ui:;ing the double focusing arrange-

Scientifique Bellevue (Near Par' s }. 

At Hamburg, Profess.or Schrodel showed me an ingenious 

method of distinguishing between natural pearls and c.ultured pearls. It 

is based on the fact that the grain of Ca<;;03 inserted into oysters to cause 

development of cultured pearls is usually in the orthor1hombic form, 

aragunite. Lane X-ray powder photog~aphs of a cultured pearl are taken 

in two directions at right angles to one another, one of them will yield an 

n ... thrnl,nmhi,.. natf;P.rn . Tf the n<=><irl is anal ral one , both patterns w·n be 

hexagonal. 

In the Geological Museum at Oslo, Dr. H. Neumann has 

systematized identification of x ·-ray powder patterns by line drawings in 

which the springs between lines are the same as on a 9 -cm. film and the 

height of the linf" is indicative of the intensity of the line on the film. Line 

patterns are published for all sulphides, oxides, carbonates and silicates. 

In his laboratory th'ese drawings are mounted on plastic in front of a large 

panel of ground glass to diffuse the light. The-y are arranged in decreasing 

rn e r of th~ qp ;:1.cing of the strong-est line. Most unknown patterns can then 

be readily identified by direct comparison. This scheme might be used for 

57 mm. camF-ras by using the films mounted on a similar lighted panel. 
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At the Geofogical Survey of Swedell-• research under 

Dr. A. M. Askluiad• supp.orted by the po~celain .iµdustry ha~,.produced 

a: · euccessful me.thod of determining the amount of feldspar =in a. fine-grained 

'.l>'Qck 'J?Y· X-ray diffrac-;ion. 

' , In the same la~o.r~t<>ry .quantitative determination of .. 
mixtures .of mLnerals by. X-ra.y difbacti«Z!n fs .f_chleving results equal to . 

labori~ua. poirit counting undel" the microscope. One ~*:ample. was a mix-

tur·e 0£ c0rd'ie~-ite, plagiq>clase a:nd ·qu·._;rtz .in prqportio~ 0£ JO, .3.0, 40 ·was 

detenni:ned by X-ray diffraction ·aa ··Z·8. $, 2.9. 5, 5.42 • 

.A,t the British Museum the ·X·-ray lal>o;i'a:tary is. equipped 
I. ' . 

wit~ ·l-nteg:i;ating Weissenberg and ·Prece13sion cq.m~r.as. 

A 6 cm. Unicam oscillating camera is used for single 

crystal and powder diffraction patterns so that patterns from each may 

be compared directly. 

All unknown X-ray diffra,.ction patterns are filed in G>rder 

of the spacings of the three sti;-Jmgest lines. All new patterns. are . checkeH 

against these~ 

In the Atomk En.ergy Division of the Geological Survey of 

.Great Britain, a Nonius ..:Bu..inier :X.-ray J;>OWder ca.mera is used with a· 

horizontal X-ray tube. This- earner~ giv~s excellent resolution and permits 

4 patterns to be made.,'simultaneou~ly. It is used l;:i.r.g·ely for ·identific;;ttion 

of clay minerals. It r.equires a · lar.g~r .amount of a..il.nipl~ than·.pther 

cameras • 

... ·• 
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The X-ray· camera made by the University of Aberdeen whic h 

permits two patterns to be taken on one film was described untler 3-7 

Equipment. 

3-16 MISCELLANEOUS-

A few notes are added under this heading which might be 

overlooked if they were included in one of the other sections. 

At Tubingen, Dr. S. Hanssuhle measures the elastic 

constants of the crystals that he grows from solution. This is done by 

measuring the elastic wave speed by passing monochrorriatic light through 

a crystal to which ultrasonic vibration is applied and mea,suring its 

diffraction. From these dat a the e l astic constan t can be c omputed. 

The writer was fortunate in being able to .join a field 

trip to the Hegan district of southwest Germany, west · of L. Censtance 

on the Swiss border. It is a rolling c~ntryside with a large farming 

population. Rock exposures are rather sparse and occur rriainly in 

quarries and in a few prominent small hills, each crowned with ancient 

fortifications. 

This area of 1 T~rtiary• volcanics has been ;epeatedly 

. . . 

studied in the past century with apparently diverge;nt conclusions. In 

v:e.v ~!the ~parse exposures and d.~ep weathering, tliis is understandab1e. 
'· 

The p_i-esent study b support~d by K/Ar d~tlng and this for the first 

time has m a de possible a coherent reconstruction of events. The following 

table indicates present i deas of the volcanic sequence: 
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:Meltlite 6 m.y. 

MelUite tuff s 

•.' 

Hernblenile tuffs 

Phonolites 9 m.y. 

Intermediate .tuffa 
,~, . . . .. 

Upper bentonites 12. 5 m. y. 

Sheet tuffs 14 m.y. 

Basal bentonites 

Tuffites 

Mos.t ·of the tuffs and bentonites were much softened and only' the 

abuntlance of glass aDd . some distinetiv:e minerals were ·indicative ·of 

their original nature. The melilites are exceptionally fresh and exhibit 

pronounced columnar jointing. Phonolites and hornblende tuffs are also 

well preserved. There is little doubt that this is an exceptionally inter -

eating area and one in which diamon<l drilling could provide much critical 

data. 

In the new building of the Institute of Mineralogy and 

Petrology at Hamburg, electr~cal power is supplied through a ·:master 

control panel in the basement, to all rooms. Constant power at any 

voltage from 2 up is available. The main 1ecture theatre in this building 

i s a model of efficiency with almost startlingly good act:>ustics. It has 

i4 
most f,acilities such a'S lante'.t'ns lighti~g, etc. conh'olled ·by the lecturer 

from the desk. 



- 104 -

Dr . Per Geiger, retired -D~i:,"~cto:o :of the _Geologkal. Survey 

of Sweden~ tole me. t~~ em~rgenc.e .of, th& north ;f o<c.~t . o( Sweden. is well 

documented in histor.ie 'tim~·s. Ensti11g ,: to)VnS tha.~,w;er'i;.ports when they 

were founde<il :have. had. to move their por,t...faciliti;es . 

Dr. J. Eklund of the G~otpgi.c!i-1 Survey of .Sweden drew a 

very interesting parallel between the a:i;~aJn the S. W. pa~t of Sweden and 

the Grenville region of the Canadian S~i.eld. In both .remarkably consistent 

age s are near 1000 m. y. and .in both this i~ .indepenqf7nt .. ot the degree of. 

metam.orphism. Charnockite13, and lai:ge areas .of anorthqsites with 

associated titaniferous iron deposits ·are characteristic;: of both regions. 

In Sweden as in Canada the 'iron formations• are found in the older Pre -

cambrian rocks in the 1600 m. y. ag-e group. 

At Stockholm, Dr. Rayment, a palaeontologist on the 

University staff, is particularly inl·erested in statistics. He stressed 

the importance of having a statistician consulted befor.e geological sampling 

is done. If the sampling is not statistically sound results are apt to be 

misleading. Dr. Rayment mentioned ·a Canadian palaeontologist, Pierre 

Jolicoeur who is applying biological statistical methods to P9-laeontology 
I 

at the Walker Museum of the University of Chicago. 

At Manchester, Professor Zussman uses the method of 

fusing powdered samples in borax for X--ray fluorescence analysis, that 

was developed by Dr. 'Claisse at the Quebec Department- of Mines. 
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3-17 PETROLOGY 

The brief notes in this section are intended to draw attention 

to some of the work that was drawn to my attention in Europe. No attempt 

is made to do more than indicate the t:y;pe df the study in most cases. F or 
·, 

convenience of the spedalist the notes are written under the following five 

sub-headings: 

a. Basic and Ultrabasic Rocks 

b . Granites and Pegmatites:; 

c. Metamorphic Rocks 

d. Volcanic and Dyke :Rocks 

er Miscellaneous Studies 

a .. Basic and Ult rabasic R ocks 

A study of the geophysics of ultrabasic rocks by use of a 

magnetometric survey of a special type, is being made by Professor Dr. 

G. Angerheister, Luisenstrasse 37, M:unehen II, West Germany. 

A m aj0 r paper in German ~n ¥antle Rocks and Magmas of 

Deep Provenance by Professor Dr. W. P. de Roever of the University of 

Amsterdam in Fortschritte der M~;ne:ralogie, June 1991, contains some 
' ' .\ . ·. . \. .. 

fundamental concepts of the origin of ultrCl.ba~ic rocks. 
I "' • , ;~ I · 

In studies of basic and ultrabasic rocks, Dr. J. R . Butler 

a t Imperial College ha s ana lyzed that Sr content of monoclinic pyroxenes, 
. : ,t 

olivines and feldspars . In feldspars a plot of the Sr content versus the 

a no r t hite content has indic a ted a clear di ·stin~tion between different 

int rusion s and £acies. 
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Professor J. Sutton of Imperial College is to study a 

layered basic and ultrabasic intrusion in Somaliland eat'ly ,in l 962. 

Dr. MuThl."o is working on the Huntly layered basic to 

ultrabasic mass 40 miles northwest of Abet'deen. This body is well 

exposed in a quar.ry and consists of vertical layers va:ryinE! from dunite 

to anor thosite. The mass consists of repeated units. In each unit the 

ultrabasic fades in the west grades to the felspathic facies in the east. 

Boundaries between units are sharp. 

At Oxford, Professo.r Wager .and other members of the 

staff are continuing work on the :mi:neralogical, analytical and geochemical 

aspects of the study of the Skaergaar<!t Intrusion. 

At Basel, Dr. Hall~r has magnificent air photographs 

taken in Greenland of a section of a cliff 3,000 feet high and more than 

5 miles· long in which almost pedect exposures of palingenic and diapyric 

granite intrusions occur. Grade of metamorphism of •the g\neisses and 

schists below the granite diap:yre ·decrea.ses downwards. In another exposur e 

development of a band of granite following the s.chistosity~around the nose oi 

a recumbent fold i.s illustrated. 

Professor Neumann of the Geological Museum in Oslo is 

to start· a. detailed study of the pegmatitic nepheline syenites of Langesund 
. :! • 

Fiord. This will involve: detai_led m~pping of the dykes and their relation 
F 

to the host rocks, 
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a complete study of all minerals and. their interrlations, 

textures, vard.ations -in composition and atomic structure, 

and occurrence in zones. 

geochemical study of the ·dykes as a whole and of each facies 

and mineral. 

pre·cise mineral distribution to determine what minerals 

crystallized together. 

The study is intended to determine the origin of the dykes 

and the processe~ by which they formed. 

Professor ~a:rth use.a the co;rnpositions of coexisting alkali 

and plagioclase feldspar's to determine the temperature of crylstallization 

in granites. This can be expressed: 

% Al bite in alkali feldspar = KT 
% Albite in plagioclase 

Based .on ·this method, magmatic gr11nites in the Oslo a.re a crystallized 

at 7-50°C. 

Some new dat.a by N. L. Carter on tem:peratur.e gradations 

in a granite diapyr indicate co.ole·r temperatures in t.he centre of the mass. 

Scott Smithson of the G-eological Mu.seum working on gravity 

anomalies over a lai·ge body of granite. i·s able to s\lgge.st that it has the 

shape of. a di apyr. 

Dr . A. Laitakarj in Finland has . been working on suites of 

heavy minerals segregated from gran_ites. He has found a number of 

unu sua l minerals such a s dumortie.rite. 
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Professor Gavelin of the University of Stockholm has been 

working on the origin of va:rious g·ranites in southern and central Sweden .. 

Currently he is studying the Va=-ste--rvik <granites which appear to be 

products of g ranitization. . .·. 

At my request, and W..ithout :teference to notes, he listed 

these pha·se'S of hi.s curl'erit w.oll'k. 

1.. Detailed geGlogi.ca.1 m.appi:ng. 

2. Solution ·of the stratigraphic s:ucce:ssion of original 

sediments and V'Olc ani:c s. 

3. Mapping ·of tectonic features. 

4. Complet·e structulra1 :study • . 

5 ., A special doctora.:1 thesis on a . spotted gneiss which may 

be the product ·of the first stage of metamorphism. 

6.. Study of the transformation and transition from sediments 

to g.neisses and g~anitic rocks., 

a. by field studies 

b. by rnicrosc;:opic studies 

c. detq.il'e'd xnine:ralogy 

d. chemical analyses to determine whether 

metamprphi,_sµi resulted from straight 

recrystallization 

7. Extensive chemical. studies ofr.rocks and component 

minerals, particularly feldspars. 
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8. Mineral content of rocks by X-ray diffractometer checked 

by point counting. 

9. Study of the phy.sical behaviour of the rocks under high 

temperature and pressure. 

10. Microphotographs to record texture chan.ges are made 

authomatically by Zeiss attachment. 

11. Oxygen isotope studies are being considered. 

12. Petrofabric studies, macroscopic and microscopic. 

13. Orientation of inclusions. 

14. Studies of accessory minerals. 

Dr. J. R. Butler at Imperial College has obtained some 

interesting results on various phases of intrusive granites by plotting 

the Rb/K and Rb/Tl ratios determined on the whole rocks. In a series 

of Nigerian granites the Rb/K ratio increases rapidly in the later stages 

of intrusion as does the Ga/ Al ratio. The Te/Rb ratios show a clear 

distinction between normal Nigerian ·gra-nites and late phase calc-:aikkline 

gramtes: These ratios were plotted for soda rhyolites from all over the 

world and proved to be remarkab.ly cori.sistent. Radios of · Cs/Rb and Cs/Tl 

could not be c-0rrelated with different granites even when these elements 

were determined by neutron activati'on. 

Dr. Butler intends to see whether determining these element~ 

on segregated feldspars or micas ·will provide even sharper correlations. 

At the M~caulay I~stitut~ in Aberdee~ work on residual soils 

suggests that cobalt content of magmatic granites is low whereas in 
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metamorphic granites the cobalt content is rriuch higher. 

c. Metamorphic RockE! 

As noted previously, Professor de Roever has suggested 

that in Alpine r ocks presence of glaucophane, jadeute ano au.soni e is 

indicative of dynamic metamorphism wheras the amphibolite-almandine 

f acies forms under static conditions. The green schist fades, (albite, 

epidote, amphibole) may form under either static or dynamic conditions . 

In the Petrographic Secti0n of the. B. R. G. M. mU:ch of the 

work is being devoted to studies of skarn rocks, migmatites and granit-

ization in the Pyrenees. 

Mr .. Brynhi at the University of Oslo has studied an area 

i n which quartzit~ was intruded by anorthosite. These rocks have been 

metamorphosed to an albite-chino~oisite schist containing large 50 x 100 in. 

,) 

relicts of anorthosite. The chemical composition has not been altered. 

Professor J . Sutton has completed a detailed study of the 

structures in the Lewisian gneisses ~f the Scourie district. In this belt 

the transition zone (2-3 miles wide). betwe·en rocks of the 2500 m. y. group 

and the 1600. m. Y• group is m.arke.d by change in dip of the gneisses, change 

from diabase to amphib0lite bands a;nd develo:pment of granite sheets. Thi s 

change in age is determined by th~ R..b/Sr method; it is not apparent in 
.. . .' . 

K/ ~r da~1ng. ' ' • I l ' ~ ' 

Throughout the Lewisian gneisses, :Professo'l" Sutton. has . ~. ~ 

mapped the structures in detail. In _.general the axes of folds and trend 
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of' pegmatites are parallel to .a series of shear P.lanes. further south • 
....... .!. t!. 

Geochemical studies are to 'b·e 1d-one 'whe.re the time sequence is best 
'.. ~ I 

known. 

One of his students is working on the structure of the 

Lewisian :rocks on the southern tip of, the island of Skye in collaboration 

with a student at Cambridge who ls ·doing t~e chemical petrology. 

Professor Sutton with Dr. Watson and Dr. Ramsay and 

students has completed a very detailed study of the relation between 

small and iJ.arge structures in an area spanning the Moyne thrust in the 

Highlands. Although this work has been published i~ detail, an agreed 

text integrating all the work done, ts being prepared. 

Drs. Sutton and Watson are going to apply the principles 

developed in this work to migmatite complexes and Dr. Ramsay is going 

to test them in the Afps where the :Stratigraphy is well known. 

d. Volcanic and Dyke R,ocks 

Dr. G. A. Deicha at the Sorbonne is studying glass inclusions 

in volcanic rocks .. 

As note-cl previously ill 3-8, d~abase ~ykes in S. W. Sweden 

are associated with occurrence of undifferentiated .metal suites up to and 

including Hg~ .. Dr. Gavelin suggests that the .fractures in which these 

dykes oecur may penetrat e 1:he upp:er,~m.a.ntJe,. 

Dr. ae Roever ·at Amsterdam is working on olivine bombs 

and nodules from. vol canic l70~ks. 
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An exceptionally rewarding study of the Triassic volcanic 
\• 

rocks of eatern Iceland is beirig 'maae by Dr. G. P. L. Walker and his 

'. 
students at Imperial College. The rocks are mainly basalts and rhyolites . 

They are flat-dipping (8 ° ~9 ° W) but when dips are corrected for the 

regional dip it is found that the volcqiiic rqcks dip outward from the 

volcanoes. Over the volcanic 'Verit"B collaps~ structures are marked by 

steep ·dips. 

Basalts gene-rally. t:hi~ GU~ irt the vidnity of the volcanoes 

and are overlain by rhyolites whkh ar~ always peripherical to the 

volcanoes. Earlier flood basalt:s :;t·:t•e' d~pressed by the volcanic basalts 

and the two may be interfingering at. their contact. Rhyolite s too are 

known to be interfi.nge·red with basalts irt aine.zingly intimate mixtures. 

Specimen.a shown to me suggest that both rhyolite and basalt were liquid 

when they were mixed .. 

In this mixture of basalt and rhyolite glasses phenocrysts 

of bytownite, forsterite, oligoclase and ferroaugite occur. Zeolites are 

also present and show some change with depth. PropylitLzation of both. 

the basalts and the rhyolites is hi.ghly developed. 

Dr. R.A. Howie at Manchester is_ working on Li-rich 

aplites from Devonshire • 

. e,. Miscellaneous 

In Bulletin 189 of the .Geological Survey of Finland, Dr .. 

Simonen has listed and defined the accepted names of plutonic rocks. 
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On page 93 et seg .. $monen discusses opinions and criteria concerning 

the origin of these rocks. 

At the University of Helsinki, Dr. Sahama is working on 

carbonatites and their constituent minerals. 

A memoir of the Geolog.~cal $urvey of Nyasaland is to be 

published shortly on carbonatit.es and ~s~~Ci~ted Nb-U deposits. 

When sampling ai r.ock unit, Dh 4-grell .~t Cambridge takes 

samples of the average rock and of the extr~me types included in the unit; 

All are analyzed and modes are computed. Once the petrological balance 

has been determined between the mineralogy and the chemical analyses, 

the average composition is computed,. A good student completes a point 

count on a thin section in 30 minues. 

At Aberdeen, Professor Phemi:ster h~s ma.de a study of 

petrofabric methods and expressed the opinion that such methods add 

little to results of normal mapping. He thinks· that such details are 

affected by local variations in dynamic metamorphism resulting from 

differences in competence of the various rock facies. 
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