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Estimation of mica content of clays usine the intensity 

of the (005) X-ray reflection. 
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0 P E N S E S S I 0 N 

Chairman I Editor : Prot.H.G.Winkler 

September 2, 1968 

PROGRAMME 

MlN.:.RALOGY 

8.30 - 8.40 H.J,Kisch (Leiden) : 
MagntJeio-cummingtonite : A new Ca-poor magnesian 
clino-amphibole from New South Wales. 

8.45 - 8.55 ~.Mq~tag~ (Milano) : 

9.00 - 9.10 

9.15 - 9.25 

Amphiboles in eclogitic rocks : their chemistry 
and relationships to the other mineral constitu
ents. 

A.D,Edgar~ A.Mottana 
(London, anada)·: 

and N.D.llacRae 

The chemistry and cell parameters of omphacitea 
and related pyroxenes. 

W.G~~· d~ Camargo {S. Paulo) 
q,~ 1Leite (Araraquara) : 

and 

Inclusions in Brazilian diamonds ! olivine. 

9.30 - 9.40 H,Ot~.Wexer {Washington) : 
Geochemistry of mineral incluaions in diamand. 

9,45 - 9.55 L.~&k (Praha) : 
Melanophlogite from Chvaletice, Bohemia. 

10.00 - 10.10 A,S,PoyartnnYgh (Kiev) : 
Principles of scientific nomenclature of 
minerals. 

10.15 - 10.25 § 1Y!d!, 11,Koiz11mi and S.Kume (Osaka) : 
Synthetic experiments of germanate albite and 
anorthite under pressures. 

10.30 - 10.40 A.~~!veria~9,ros and J.M 1Am1go (Barcelona) : 
Etude quantita~ive de la transformation 
thermique de l eaphalerite. 



10.45 - 11.00 C o t t e e b r e a ~ 

PETROLOGY - MINERALOGY 

11.00 - 11.10 M1 P,Atherton (Liverpool} : 
Zoned gaI~ete end metamorphism. 

11.15 - 11.25 B1 W,Eyans (Berkeley) : 
Composition of scapolite by electron probe 
microanalysis. 

ll.30 - 11.40 E~W~.He~~rich and ~.G,Mogr§ (Ann.Arbor) : 
Metasomatic potash feldspar rocks associated 
with alkalic igneous complexes. 

11.45 - 11.55 P 1~1to;i (Praha) : 
Mineralogy, petrology, and decent of two 
pegmatite types from West-Moravian ultramatites. 

12.CO - 12.10 M,Fqnt~Al~aba and ~,Montori~!~~Q4@ 
{Barcelona) : 
Crystallization conditions of ealt minerals 
in Catalonian deposit• (Spain). 

12.15 - 12.25 JtJ 1D~Q2ig (Liege) : 
Determination quantitative de dolomite, calcite 
et quartz dans une roche carbonat~e par difraction 
de rayons x. 

12.30 - 12.40 S.Bhattacha£Ji(New tork) : 
Mechanics ot flow differentiation in ultra•afic 
end mafic rocks 

CRYSTALLOGRAPHY - CRtSTALCHEIUSTRY 

14.30 - 14.40 RLRa~h (Hamburg) : 
Neue Ergebnisae zur Kenntnie optischer Achaen
bilder. 

14.45 - 14.55 Y,Endo and I,~y.naga~• (Tokyo} : 
Positive and negative crystals of pyrite. 

15.00 - 15.10 A,Pabsl (Berkeley) ~ 

lloltiple orientations in the topota:xy of Mg<> 
on MgF2 • 



15.15 - 15.25 
, 

IiKrstanovic, 
(Beograa~ :· 
Further X-ray study of zircon • 

• 

15.30 - 15.40 G.V.Gibbs and P.H,Ribb§ (Blacksburg, Virginia) : 
The crystal structures of the humite minerals. 
I. norbergite. 

15.45 - 15.55 J,Hr4§~oy@ (Praha) : 
On the crystal structure of samsonite, 
2 Ag2 S MnS Sb2 S3 • 

16.00 - 16.15 C o f f e e b r e a k 

16.15 - 16.25 P,B,M22re (Chicago) : 
Studies on complex silicates : the crystal 
structures of kornerupine ( with J.M.Bennett), 
sapphirine, joesmithite, leucophoenicite, and 
a new mineral. · 

16.30 - 16.40 W,¥&¥e!er and ~.Vi~liger (Zurich and London) : 
Least s~uares refinement of interatomie distances 
in framework structures 

16.45 - 16.55 ~.G,J,Sttens (Newcastle upon Tyne} 
Bond length - bond strength correlations 
in silicates. 

17.00 - 17.10 tl.~a\§£h§£ (Kiel) : 

17.15 - 17.25 

The crystal structure of the high temperature 
fonr. of Bas12o5• 

R.S~Boorman and J.K,~uth~~lfP'Q 
(Frederictown, Canada} : 
The ZnS-In2s3 binary 1064° to 500°0. 

17.30 - 17.40 4tPr~isinger (Wien) : 
Crystal structure of prosopite, CaA12 (F,OH) 8 • 

5 



14.JO -

S•pta•ber 3, 1968 

PETROLOGY - MINZRALOOY 

14.40 MWC,Gilb•rtl S,W,Richardton and P.M,Bell 
( aahington : 
Andaluaite - a1111aanita - kyanite equilibria. 

14.45 - 14.55 P,M,Ball (Washington) : 
~xpariaentally deteraina~ ralationah1ps with 
om pt-.ac 1 ta • 

15.00 - 15.10 u.G&niJUl:I and P.SAhll (CRlCL;t •!l) 

Synth~t1c epid1dymi te. 

15.15 - 15 . 25 f..~.~c4nardt (Hannover) : 
D1rrerent1et1on and ap111t1&ation or permian 
baaalts in Morthweat Oel'9•n1 

15.JO - 15.40 J,M,Moott (Ottawa) : 
Metaaorphic zoning in thor-odin gnai•a dome 

Br1t1ah Columbia, Canada. 

15.45 - 15.55 £,Roed!t (Washington ) : 
Varvelike banding or poaaibly annual origin 
in ce}eatite crystal• rr211 Clay Center, Ohio, 
and aimilar occurr•nc••· 
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s Y M P o S I U M II : Crystal Field Theory 

Chairman I Ecitor:Pror.w.S.Fyfe 

September 3, 1968 

PROORAIOlE 

9.00 - 9.10 Chairman& remarks (W.S.Fyfe). 

9.15 - 9.2 5 G.K,B!gQrAf~ (Cambridge, U.K.) : 
~uantitative •ite populations in eilicate m1inerals 
by Mossbauer spectroscopy, and a possible geo
thermometer. 

9.30 - 9.40 G.M,Bancroft, R.G.Burne and F.J.Prentict 
{Cambridge and Oxford, U.K. and-Wellington, 
New Zealand) : 
Distributions of iron cations in alkali amphibolee 
by Mossbauer and intrared spectroscopy. 

9.45 - 9.55 S.Shin.t. r .Kanamaru and M.Koizumi (Osaka, Japan) : 
-Moeebauer spectra of perovakites of the ayatem 

Ca2Fe2o5 -SrFe03 • 

10.00 - 10.10 R.Bux·na (Oxtord,U .K.) : 

Site preferences of transition metal ione in 
silicate crystal structures 

10.15 - 10. 25 P.Henderson, I.M.Dale (Glasgow,U.K.) : 

10.-30 - 10.40 

The partitioning of manganese.cobalt and nickel 
between olivine crystals and the groundmaaa of 
selected basic igneous rocks. 

Y.Mateui .1 B. Banno (Tottori-Ken and Tokyo, 
Japan)·:-

Partition of divalent transition metals between 
coexisting ferroma~nesian minerals. 

10.45 - 11.00 C o f f e e b r e a k 

11.00 - 11.10 E,H.Nickel (Ottawa,Canada) : 
I 

The application of ligand-field concepts to an 
understanding of the structural atabilitiee and 
so~id solution limits in sulphides and related 
minerals. 

., 



11.15 - 11.35 

11.40 - 11.50 

~~G~,S$rene (Newcastle upon Tyne,U.K.) : 
Calculation ot the crystal field aplittinga ot 
the d-orbitala ot transition metal ions in 
diatorted coordination polyhedra. 

and 
Preaeure-induced spin-pairing in iron (II) 
ainerala 

H:P.f!J':P,§chiJ1<1l1r (Chicago and Argonne, 

D.iatribution ot Jln2+ in trace e=outa in 
diopaidea and dolomitea by electron spin 
reeonence. 

12.10 - 12.35 S,S,Hatger, K1Raymqgd <Chicago, u.s.A.) : 
Selt-conaietant ionic tield gradients at the 
Al aitea in kyenite and andaluaite. 

12.10 - 12.20 R,Cqx-!11 (Quebec, Canada) : 

12.25 - 12.35 

12·40 

Soae aepecta ot mineraleCathodoltJmineecence. 

P,M,Btll (Washington) : 
I theoretical approach to preaaure, energy and 
crystal tield. 

Concluding remarks 

________ ,_ ____ _ 

• 
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CLAY ~lINERAIS rr~ HYDROTHER1Mi.LLY ALTERED ZONES IN CENTRAL 

SLOVAKIAN NEOVOLCANITE REGION 

M. Bohmer, H. Gerthofferova and I. Kraus 

/Czechoslovakia/ 

The ore veins in the district of Kremnica and Stiavnica 

caused intense alteration of wall rock. 1Ne can trace altered 

complexes of volcanic rocks at several places in the whole 

central Slovakian neovolcanite region. Detailed study of clay 

minerals has shown two types of alteration in these zones. 

The first group includes alterations caused directly by 

ore-bearing hydrothermal solutions. They manifest around the 

ore veins by whitening of rocks and variable grade of argil

lization. Clay minerals characteristic of this alteration are 

hydromicas of dioctahedron type and kaolinite. In most cases 

both minerals appear together. Sporadically they are present 

in monominerals. Another present typical mineral is. jarosite. 

1Ne l1ave ascertained that extent and intensity of alteration 

are directly coA.nected with the character of mineralization. 

In principal vein system of the Kremnica district ore field 

alteration was very strong. Near later low-thermal mineraliza

tion in marginal part of the Kremnica district kaolinite with 

small admi~ture of diaspore in the shape of thin /l-3 mm/ 

veinlets appears in groundmass of altered andesites. 

The second type of alteration has been ascertained at se

veral places in the region of central Slovakian neovolcanites. 

It is of regional character and shows in contrast to the pre-

.,/IJ 



net1 \r\P. tyr)• ci iffe r ent mineralogical composition of clay com-

J> n•nt. Th r re propylitized mainly pyroxene andesites, o:f-

l•n in whol~ extent argillitized in various grade. Predominant 

ol~ mintt1 .. 11l is montmorilloni te. In the part o:f studied pro

ri l•• with indications o:f mi neralization kaolinite arose 

rtr t. ~onality i n vertical distribution of clay minerals 

t1•a n t yet been ascertained to depth o:f 500 m. 
From above me ntioned follows that ir. central Slovakiar. 

r1 ovo lean it. ~egior in hydrothermally altered zones kaolini te 

in aaoci tion with hydromicas usuaily indicated mineraliza

tion. Alt~ration of regional character, where montmorillonite 

l'redominatoa was not d irectly connected with the effect o:f ore 

i l> aring hydrothermal solutions and could be caused by several 
I 

r~•ct ors . 



?tI!'IERALOGY OF THE ARGILLACEOUS RESIDUES AFTER THE 

DINANTIAJl LIMESTONES 

P. Bourguignon 

(Liege, 9elgium) 

The Dinantian limestones from the Dinant basin yield, 

after alteration,brown-reddish clay which forms paleosol 

(terra fueca) and is sometimes overlain by leached brown 

soil developed on the loess. 

In this intricate pedological environment the minera

logical association of the decalcified clays is determined 

by X-ray study of about fifty samples. 

In pure state these formations are characterized by 

strongly open illite and by kaolinite which is accompanied 

by chlorite. 

The swellir.g interstratifications of the type 10-(10-14 M)~ 

appear in small amount in two places of the profile.When 

clay is overlain by less, a contamination by loess inter

calations occurs, and the clay contains a higher proportion 

of loess. 

In the second place, in the immediate vicinity of the 

limestone, the swelling interstratification car. be traced 

systematically in the samples which occasicnally show the 

highest sorption capacities. 

The last mentioned case is interpreted as a result of 

the existence of a thin zone et the contact with limestone, 

which is characterized by a confined milieu. 

This distribution of clay minerals helps to understand 

better the alteration of limestones. 

A hypothesis has been expressed as to the origin of 
different minerals. 



MlNl~lUlLOGlE Dr!) ARGIIFS DE DISSOWTION DE.S CALCA:IRES DINANTIENS 

P. Bourguignon 

/Liege, Belgique I 

Lea calcaires dir.antiens cu bassin de Dinant donnent par 

" "l t~r~ tion une argile brun-rougeatre qui constitue un paleosol 

/te r~ra fueca/, eventuellement surmonte d'un sol brun leesive 

, lt~ ve loppe sur loeas. 

Dans ce context• pedologique complexe, l'asscciation 

1u ln~ralogique propre aux argilea de decalcification est defini• 

,1t1r exam.en diffractometrique, S\J.r une cinquantaine d 'echantil-

luna . 

A l 'e t a t pur, ces formations sont caracterisees par une 

' ' tllite tree ouverte, et une kaolinite accoapagneee trea ac.ces-

1ioirement de chlori te. 

Des interetratifies gonflants du type 10- /10 - 14 M/ A 
l n terviennent en faible quantite mais en de11x sites precia des 

iirofile . Lcrsque l'argile est Stlrmontee de loeaa, il y a conta-

' ' mination par lee interatratifies proprea a cette derniere ~or-

m~ t ion et l'argile en ccntient alora une plua forte proportion. 

En second lieu, au voiainage im·tdiat de la roch• calcaire, 

0n observe syet~matiquement un interstratifi' gonflant, dana 

des echantillons qui, par ailleurs, presentent lea capacitea de 

uorption les plus ~lev~ea. 

Ce dernier cas eat interprete co1"1te resultant de l 'ex.iaten

ce d'une mince zone au contact du celcaire, caract,riaee par un 

milieu cont'ine. 



' Cette r4partition des min4raux argileux concourt a une 
, 

meilleure compr~hension de l'alteration des calcaires. 
~ ' One hypothese est 'mise quant a la provenane~ des divers 

min~raux. 

1 

• 
• 
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CARBONIFEROUS LAVAS 

s. Caill~re and N. Morre-Biot 

{Paris, France) 

n1r logical study of the chlorites found in a series 

Y 1 anio r oclal encountered by various borings in the 

n rth l'ft ranee shows that whatever be the nature of 

~ k1, ohlorites belong to the group a£ penninitea, but 

!r number is large, ranging from magnesi11m-rich typea 

to ir n-rich typea. 

'their compositio11 reflecta the composition of the 

urr undir..g ·rock whose last phase of crystallization they 



El'UDE MI NtRALCGIQUE DE CI·ILO'RITES REICONTREES DANS DES LAVl!S 

CARBONIF~RES 

• I s. Caillere et N. Morre - Biot 

/Paris, France/ 

~ etude mineralogique de chlorites trouvees dans une 

aerie de rcches volcaniques rencontrees par divers sondages 

effectues dans le nord de la France montre que quelle que 

soit la nature des roches, les chlorites appartiennent au 

groupe des pennines mais elles se repartissent dans un even

tail assez large allant des types magnesiens aux types tree 

ferFiferes. 

Leurs compcsitions refl~tent celles des rochea englo

bantes dont elles-representent la derniere phase de cristal

lisation. 



UNUSUAL ACID ATTACK OF MONTMORILLONITE 

B. ~i~el, and I. Novak 

/Bratislava, Czechoslovakia/ 

Th• acid attack of mont~orillqnites has been described 

b1 1ev1ral authors as a first order reaction. This is valid 

ror moat montmorillonites. Investigating tr.e samples from 

nranany /Czechoslovakia/ and Ginovec /Jugoslavia/ we found 
. 

that the formal description of the reaction kinetics is of 

the aero order. There is good agreement between th.e structural 

formula constructed with the aid of chemical analysis data 

and the data obtained by the acid attack studies. The sequence 

or atoms elution from the structure is the same as in the case 

or tirat order reactions. 

The model of acid attack of montmorillonite . structure, 

•• it has been devised on the basis of s great number of 

experimental data, shows that the evaluation of destruction 

kinetics performed on the basis of kin~tic, equations for .. 
• 

reactions in solution is only formal and the apparent reaetion 

order i• given by the particle size distribu·tion of the material. 



MIXED-LAYER STRUCTUR~ OF CLAY MINERALS AS PRODUCTS 

OF THE SYNTHESIS AND NATURAL MINERAL FORMATION 

• 

V.A. Frank-Kamenetsky 

(Leningrad, U. S.S.R) 

In. the crys t allochemistry and mineralogy of clay 

formations, like layered silicates, the mixed-layer 

structures are typical and unique examples of defect 

foz·matioii8. The recent development of ''basal X-ray study" 

of clay minerals together with diff"ractometry made it 

possible to establish a great variety of ordered and 

nonordered mixed-layer structures in natural clays and to 

find some connections between their regional and radial 

distribution and the conditions of their origino The 

experimental investigation of the conditions of origin and 

alteration of mixed-layer structures of varioue types in 

the clays under the influence of mineralized aolutio1• at 

various temperat ures. and pretJsurea have shown that the 

formation of mixed-layer structures is, in fact, influenced 

by t he compos i tion of solutions instead of being control1ed 

by the t hermodynamic conditions whi ch l argely are responsible 

for the origin of the defects of other t ypee (nonordered 

layer e, dislocation defects etc.) and for the kinetics of 

th~ t ransformation of ph ases . Th e corre l ation of t he laws 

estab·lished by the i nve s tigati0n of natural and synthetized 

mixed-layer fo r matione, makes i t pos s ible t o find, in spite 

of the paucity of datat many f eatures of t he cond itions of 

format io~ of si ngle t y pee of mixed-l ayer structures which 

a re common both i n nat ure and in l aboratoryo The mi xed-

layer struct ures s e em to be unba lanced phasee whi ch originate 

~· 



ft \hi roceae of the transforlllation reconstitutions of 

intr ls wider the cor.ditions of epigenesis and early 

1 I I t metamorphism. These transformations talce place in 

111i 1tate i nheriting individual features of structural 

1i i1•~it7 amd are contro:ll.ed by the ~hemism of the 

lftV r nmtnt, however, they depend also on other factors. 

In nne tion wi th this the problem of mixed-layer structures 

11 t 1•netic i mportance, making it possible to display 

th 11n1tic ~actors of diagenesis and of .initial metamorphism • 

• 



СМЕШАННОСЛОЙНЫЕ СТРУRТУРЪI r линистых r~ИНЕРАЛОВ' КА}{ ПРОДУКТЫ 

СИНТЕЗА И ПРИРОДНОГО МИНЕРАЛООБРАЭОВАНИЯ 

В.А. Франк - Камеиецкий 

/Ленингред, СССР/ 

В кристаллохимии и мииер8Аогии гАинистых образований, 

как слоистых силикатов, смешаннослойнъ:е структуры являются 

типичныv:и и уникельНЬJ)[И примера~и дефектных образований. 

Развитие в последнее время "беаеяъной рентгенографии" гли

нистых минералов в сочетании с дифрехтоvе•rрией позволило 

выя·вить в при~:1·одиых глинах большое регио·обреэие упорядоче11-

н~х и неупорядоченнъ.тх смешеннос~о-й1mх структур резных ти

пов и наметить неко~орые связи между их регионSJiьн~м и ре

дивльяьrм расnростренением и усJiовкями обреэов·ания. Экспе

риме!lfТSJIЪиьrе ис·сзrед-оваиия в обле·ст-и ус~еиовления услови~! 

обреаовения· и преобр·еэоваиия в глинах смешвннос.лойных 

структур резнЬ!х тиnов под В'J1trяние1r миRерелиаованиых р·ас1'

воров при реэ1n1х 'l"емnеретурех и давлениях покеsьrвеют, что 

формирование сvеmвнно·сло-Якьтх структур в основном свsrзаво 

с воэдейс•1•-sием составе растворов, е не с теркодинамхчесхи

ми пapeue-rpaмJ1, коrrорые· ·охаахваютс я в боJtЬmей степени от

ветственны.u:ии эа возникновение дефек'I"ОВ ияых типов /разу

порядоченность сло·ев, дисло·кеционньте дефекты и проч./ и ки

нетику преобразования фаз. Сопаст&JЭJrение еакоиоuернос~ей, 

выявленных в резу~ь~ете исс~едовенwя природных и синтевм

ровенных смешаннослойных образований, позволяет уже теперь, 



нес"1отря на недостаточность данньтх, найти -много общего 

в условиях формирования отдельных типов с-мешаннослойнъ1х 

обра·эований в природе и в лаборатории. Сwешвнносло9.нъrе 

структуры являются неравновесRh".МИ фазами, которые воэии

кают в процессе трансформационных преобразований глинис-

u 
тых минералов в ус~оВИЯJ( эпигенеэа и реRиих стадии мет а-

морфиэ~а. Осуществляясь в твердом состоянии при унес~е-

доваиии отдеJIЬЮlХ черт структурного под-об·ия, эти преобре-

эования в основном определяются хиыиэыом среды, но за

вис ·ят и от дpyntx фактор·ов. В связи с ЭrуtИМ про-блеwе сме-

шеннослойности пре~р~тает вполне определеяиое генет-ичес-

кое э-на-чение, дав-в.я возможность выявлять генетические фак

тсры диагенеза и наче.лъного метаморфизма. 



RECENT CIAY-MIMERAL SEDIMENTATION IN THE PERSIAN GULF 

H. Krumm 

/Frankfurt, Ger•an Federal Republic/ 

149 samples from the surface of recent sediments off 

the Persian coast towards the central axis of the Persian 

Gul:f and from the Gulf of Oman, 17 samples of suapended 

inorganic matter from the same areas and 4 samples of 

suspended matter from the rivers Euphrates and Tigris have 

been investigated in bulk by means of X-ray, optical methods, 

electron microscopy and DTA. 

As already known, the clay content decreases from the 

deeper parts of the sedimentation basin near the Persian coast 

and the amount of carbonates increases towards the shallow 

areas near the coast1-£he Arabian peninsula. Possible sources 

for -land derivedFlaY material are: 

1) discharge of many smaller rivers from the Zagros ranges 

/Persia/, which most}3 are reported not to be perennial, 

2) suspended sediment load of the river Karun /from the 

Persian ranges to Shatt el Arab/ and Shatt el Arab as 

confluent of Euphrates and Tigris with the united sedi

ment load of these big streams, reaching from the Taurus 

mountains through Mesopotamia on to the Persian Gulf, 

J) wind-transported sediments from the Arabian peninsula 

/dust samples have been taken and partially investigated/. 

The combined investigation of recent sediments, suspended mat-

tl 



ter and dust samples gave evidence for source, transport and 

sedimentation of some of the clay minerals present in the re

cent sediments of the Persian Gulf. 

Palxgorskite in suspension is limited to the northern parts 

along the Persian coast, in sediments the frequency is highest 

in this area. As it is not to be the source has to be sought in 
• Zagros range rivers. 

Mica and illite give increasing patterns of frequency to -

wards river mouths, also kaolinite and chlorite. 

~ontmorillonites are enriched 1) at river mouth-areas and 

2) in the open gulf i11 local deeps as well as at shallows. The 

distribution mechanism is not fully understood. 

Mixed-layer minerals are quite abundant in the suspended 

matter, also from Mesopotamia, but seem to be less frequent in 

the recent sediments. 

Generally strong evidence is given for detrital origin and 

transport sorting of clay minerals in a land locked sea like 

the Persian Gulf. 



THE CRYSTAL STRUCTURE CF TTIE MTNERAL ZUSSMANITE 

A. Lopes-Vieira and J. Zussman 

/U. K./ 

The structure of zussmanite was described in outline 

in a short communication to th.e Mineralogical Magazine /1967. 

vol. )6, pp. 292-29]/. The present paper will give more detail 

concerning both the determination and description of the 

structure. Bond lengths and bond angles will be given and 

interesting features of the structure will be discussed. 



Fe-PHYIJDSI LICATE3 IN THE SUBllA.RINE EXHA IA TION DEPOSI T3 OF 

THE MORA VliN DhvONIAN 

K. Melka, J. Vybiral 

/Praha., Czechoslovakia/ 

The Devonian Vrbno Group in the Jeseniky Mountains is 

noted for occ·urrences of ferrous and non-ferrous :metals. The 

former continue into the buried area of the Upper Moravian 

Basin where they were exploited. In this paper some new· 

opinions on the geological setting of this area are discussed 

and the results of the detailed mineralogical investigation 

of iron-bearing phyllosilicatee are presented. The deposits 

of these ores occur in the top layers of the anticlines 

/ localities Medlov, Kralova, Western Benkov area/ which are 

built of volcanites, limestones and pelitic sediments of 

Eifelian-Frasnian age and of the flysch envelcpe of the Andll

ska Hora Formation. They are associated with the volcanism vf' 

subaarine hydrothermal exhalations. The relationship between 

the acid hydrotherms and the alkaline carbonate environment 

played a decisive role in the development of various types of 

ores. Either magnetite-hernatite ores strongly silic~ous up to 

Jaspers arose or Fe-p}\yllosilicates with magnetite originated. 

From the mineralogical point of view special attention has been 

paid to Fe-p}\yllosilicates which were, therefore, subjected to 

a detailed laboratory examination. 

Of Fe-phyllosilicates chlorites /designated by various 

names as, for instance, moravite, mackensite, viridite etc./ 

as 



and stilpnomelanes have sofar been known. The chlorites have 

been identified by us as thu.ringites in accordance with the 

classification suggested in 1965 by one of the authors. In 

the rocks surrounding the deposits proper clinochlor-ripido

lites have been established. Stilpnomelane has been identified 

as ferro-etilpnoaelane. Kinnesotaite and greenalite have been 

described for the first time from here. 

Attention is called to the occurrence of an interesting 

mineral assemblage of this area, which resembles that reported 

fro• the iro'fre formation of the Mesabi Range, Minneaota, at 

the Lake Superior. The occ\lrrence of this assemblage points to 

a low-temperature origin of deposits. 

IG 



ESTIMATION OF 1.UC'A CONTENT OF CLAYS USING THE INTE!fSITY 

OF THE /005/ X-RAY REFL~TION 

N. Munsuz, J. L. White and M. F. Bau~gardner 

/Lafeyette, u.s.A./ 

The estimation of the mica content of sediments by x

-ray diff~sction techniques is difficult because the intensity 

of the /001/ reflection of micA varies with chemical composit-
o.S ~;th 

ion as well he degree of crystallization. In addition, the 

/ 001/ reflection of small amounts of mica may be obscured by 

the shoulders of intense peoks originating in the 14-16 A 

region. Calculations show that the effects of variation in 

chemical composition are minimal for the /005/ reflection. 

Synthetic mixtures of dioctahedral mica from three source• 

were prepared and the effects of concentration and diluent 

on the x-ray diffraction intensities of the /001/, /002/, 

/ 00)/, and /005/ reflections of oriente'J specimens were studi

ed. The standard curves were essentially linear up to 50 per

cent mica. Departure from linearity appeared to be due to 

particle interactions and consequent changes in orientation. 

Addition of diluents which increased the viscosity of the 

suspensions improved the linearity of the intensity-concent

ration relationsl1i p. Applicati Of'. of the techniQue is illustrat.

ed by examples from a study of the chemistry of potassium in 

soils. 



THE SYSTEM OF KAOLINITE - NONORDERED KAOLINITE -

METAHALLOYSITE - ENDELLITE. 

MORPHOLOGICAL AND STRUCTURAL RELATIONS 

L. de Pablo 

(Mexico City,Mexico) 

X-ray diffraction,microscope, and electron diffraction 

studies have been used to determine the morphological and 

structural relations between kaolinite,nonordered kBolinite, 

metahalloysite and endellite. The crystals of kaolinite,hexa

gonal or irregular, with pseudohexagonal symmetry c6 and without 

defects observable by electron diffraction enroll accortline 

to variable angles of their axes a and b into crystale with - -
longer c~rved axis, with longitudinal margins which are direct, 

undulated or transversely elliptic and with the zones of varioue 

electron absorption. In the process the symmetry c6 is main

tained and no tension or the displacement glidings of layers 

have been found. 

Nith the acetate the reflection 001 shifts from 7.35 ~ to 

lJ.75 ~which after dehydration is displaced to 7.35 ~ and is 

~table. The initially enrolled crystals unroll into irregular 

plates which do not roll and whose diffraction is norm~l c6 • 

This is conditioned by the mechanism of the reaction or it is 

due to the fact that the enrolling is not permanent, that it 

neither results from trarslation or tension in the structure 

nor could it be attributed tc the reoulsion of icns or to the • 

different dimensicns of layers. 

Originally metahall0ysite crystallized in tubular plutes 

18 



-.hich are often parallely shifted perpendi·cular to lor1ger 

axis of the tubes. It is monoclinic c2v, the reflection 060 

~s very intensive and the reflections perpendicular to E are 

we akened. This manifests itself by variable angles of the longer 

:xis of the tubes but the values + 33° are dominant.With the aceta--
te, the reflection 001 shifts to lJ.70 i and after dehydration 

~nd when treated with glycol to 10 ~. The cryst&ls of initially 

eve n plates do not change under the effect of glycol and show 

sometimes slight deformation. 

The calculation of intensities for electron diffraction of 

:he groups c2h - 2/m and Cs - m indicates that the latter is 

in accordance with experimental data. 

• 

Judging from the properties and various characteristics it 

can be concluded that there are no continuous transitions from 

£aolinite to endellite nor are there two systems kaolinite -

~onordered kaolinite and metahalloysite - endellite. 



SISTEMA CAOLINITA - CAOLINITA DE.50RDENADA - METAHAWISITA -

ENDE LITA. REIACIONFS llORFOLOGICAS Y ESTRUCTURAI.ES 

L. de Pablo 

/M~xico, M~xico/ 

Las relaciones aorfologicaa y estructurales entre caoli

ni ta, caolinita desordenada, metahaloisita y endelita son 

estudiadaa por difraccion de rayos X, microscop{a y difrac-
• 

cion electronics. Cristales de ceolinite, hexagonales o ir

regulares, de eimetria pseudohexagonal c6 y libres de defectos 
, 

visiblea por difraccion electronica, ae enrrollan, a anguloa 

variables de sus eJes a y b, a cristales de eje longitudinal - -
curvo, bordes lofl8itudinalea rectos u ondulados, tranavereales 

, 
el1pt1cos y con zones de absorcion electronics diferente. En 

el proceso, se mantiene la simetria c6 y no se observan tensio-
• 

nes o desplazamientoa de las capas. 

Con acetato, 001 se mueve de 7.35 R a 1).75 que, al secar, 

se desplaza a 7.35, estable. Los cristales, orig1nalmente 

enrrolladoa, se deaenvuelven a places irregul.ares que ya no 
, 

se enrrollan de nuevo y cuya difraccion ea c6 normal. Ello 
, 

presume un mec.anismo de reaccion e implies que e l enrrollamien-

to no es permanente ni consecuencia de translacionea o de 

tenaiones en la estructura, sino posiblemente cauaado por 

repulsionea ionicas o por diferencia de diaensiones entre las 

ea pas. 
, 

Jletahaloisita es de cristalizacion tubular concentric& 

original, frecuentemente desplazada paralelamente al eJe 

longitudinal recto. Es monoclinic& ~v' 060 muy intense y cor-



ri.miento de las reflexiones perpendicularmente a b. Eete se .... 
~senta a angulos variables del eje longitudinal pero 

~redominan valores de ! 33°. Con acetato, 001 se desplaza 

a lJ.70 R y, secada y tratada con glicol, se mantiene en 

10 R. Los cristales originalmente tubulares rectos, no varian 

con el tratamiento y permanecen como tales, mostrando cuando 
, 

s una ligera deformacion. 
, 

El calculo de lae inteneidades para difraccion electro-

ni~a de los grupcs c2h- 2/m y C
8

- m indica que este ultimo 

esta de acuerdo con los datos experimentales. 3e concluye 
, 

~ue no hay una traneicion continua de caolinita a endelita 

sino que son dos sistemas, caolinite - caolinita desordenada 

y metahaloisita - endelita, de propiedades y caracteristicas 

diferentea. 



NATURAL AND IABORATORY FUSED PHWGOPITE 

J. Rimsaite 

/Canada/ 

Natural occurrence of partly fused phlogopite in an 

eclogite nodule from a basic rock pr~ed present study of 

thermal stability and other chemical and physical properties 

of mica. The partly fused phlogopite: 

' 

(Al .03Ti .23Fe t :24Fe,: 74Mg4 .Jt'-n .004> (Si6 .16Al1.a4) 020 ( OH3 .l.2 
.. 

F.18o. 35 >CK1•73Na.15> has a deficient hydroxyl group and con-

tains glassy particles that concentrate main]J along fractures 

and margins. Samples heated at 6°/min. retain glass inclusions 

to the temperature of final dehydration, fusion and recrystal

lization at ea 1150°0. Samples heated 50 hrs at 970°0 a.lso 

recrystallize, and glass particles disappear with decomposition 

of mica. 

Properties of partly· fused mica and of its host rock are 

compared with those of other similar mic.ee from basic: and 

calcic rocks. Dehydration-oxidation phenomena are discussed 

as a function of losses of hydrogen and water from the hydroxyl 

group under various experimental conditions. In is concluded 

that thermal stability of mica is a function of its hydroxyl, 

fluorine and iron contents, and that naturally occurring partly 

fused mica provides some data on the conditions ot crystalliza

tifn and cooling of its host rock. 



M'l'ttt)Y <>It' Ct,AYS FROM CHARENTES, FRANCE AND FROM SYRIA 

lJS I NG THE X-RAY FLUORESCENCE 

M. Rustom 

(Allepo, Syrian Arab Republic) 

, •• ,. x-1·11y fluorescence analysis has obtained - due to its 

lf1••d •r,<1 aufficient accuracy - an important place in the con

trol anrt r•aeArch laboratorie~ besides the classical methode of 

t•t,1ml •1 nnlyais which are more precise, however, lese rapid. 

1't1 1>rfta n t paper deals with the identification and deter-

•lt\•t lhn of tho amcunt of prinei:pal elements: Fe,Ti,Ca,K,Si,Al 

l n it•• nlayn of the Charentes Basin (France) and in the clays 

rr111u <1 t rrei•en t regions in Syria. 

0\lr work consisted o:f three parts as follows: 

'l't•• rirat part enable us to determine the optim11m conditions 

rna• Lt'• c1o•i ng of six elements - Al,Si,K,Ca,Ti,Fe - in clay 

11nwd1r •11m1>lee . 

In t.~l• 1te cond part we compared the results obtained :from 

t••wd••' aam(1lee with the results obtained from pressed samples. 

•rt\1 •t.•tiatic calculation conf"irmed the priority of the method 

with preaaed s amples owing to two reasons: 

- aon-1der b le gain of intensity 

• low•r iapo reion of results. 

In the thi rd part the method of outer calibration was used 

rnr the oaing of the eix elements mentioned in the clays and 

t.~1• re1ulto were compared with those of the classical method 

n r ntl• i a]_ analysis. 

A a impli:t'ied foru1ula used for the correction of absorption 

err.at• upon Ti and Fe gave us stimulating results. 



Generally speaking, this method can be used in other types 

of raw materials (sands,feldspars etc.) and in ceramic products 

(faience, porcelain, chamot etc.) giving, in the majority of 

cases, rapid results with sufficient precision for industrial 

control. It would enable a more intensive control which cannot 

be achieved with the classical methods of chemical analysis • 

• 

• 



:::TUDE DES ARGILES DES CHARENTES. FRANCE ET DE IA SYRIE PAR 

IA FWORESCENCE X 

M. Rustom 

/ Allepo, Syrian Arab Republic/ 

L'anal.yse par fluorescence x, par sa facilite d'emploi, 

3a rapidite et sa precision suffisante a pria une place im-

' portante a cote des methodes d'anal.yse chimique classique, 

. ' plus r1goureuses mais moins fideles, dans lea laboratories 

de controle et de recherche. 

' La presente etude est consacree 8 la determination et 

au dosage des principaux elements: Fer, Titane, calcium, 

?otassium, Silicit1m, et A luminil.1m des Argiles du Bassin des 

: harentes /France/ et de differentes parties de la Syrie. 

Notre travail comporte trois parties: 
.. 

La premiere partie nous a permia de determiner lea con-

ditions o~ratoires optimales pour le dosage des six elements 

i l, Si, ~, Ca, Ti, Fe, sur lee echantillcns d'argiles en 

poudre. 
.. 

Dana la deuxieme pertie ou nous avons compare lea resul-

' t ats obtenua sur lee 4chantillons en poudre a ceux obtenus 

sur des pastilles, le calcul statistique a donne la preferen-

' :e a la methode des echantillons pastilles pour deux raisons: 

- \J.1\ gain no~able d'intensite 
- une dispersion plus faible des resultata. 

. ' Dana la troiaieme partie nous avons utilise le methode 

de l'etalon externe pour le dosage des six elements cit's 



ci-deesus dans lee argiles et nous avons compar~ nos resultat

avec ceux de l'analyse chimique classique. 

Une formule simplifiee utilisee pour le correction des 

effets d'absorption sur le Ti et le Fe a. donne des resultats 

encourageants. 

' D'une maniere generale nous pouvons dire que cette metho~ 

de applicable a d'autres types de matieres premieres /sables, 

feldspatha, etcl •• / et de produits ceramiques /faiences, por

celeines, chamottes, etc •••• / donne, dans la plupart des cas, 

des resultats rapides et d'une exactitude eatisfaisante pour 

le controle industriel. Elle permettrait en e~fet un controle 

plus intensif que ne peuvent fournir lea methodes d'analyse 

chimique classique. 



:NFRl~RSD STUDY OF ALKYL-AMMONIUM VEliMICULITE CO}~PLEXES 

J. M. Serratosa, and w. D. Johns 

.:. series of octyl- .: .mmoni1Jm vermicul ite complexes with diffe

rent 001 periodicities has been studied by infra~ed spectre-

scopy. In eacn case infrared spectroscopy affords informatio on 

:he hydrogen bond between these groups and the strength of the 

~~ 3 groups and the silicate oxygen surfaces. 

The infrared results are discussed in relation to the 

structural models deduced from X - ray analysis. 

iMadrid, Spain and St. Louis, U. S.A./ 



NICKEL-BEARING CHLORITE FR.01.~ T11E NICKEL HYDROSILICATE DE?00ITS 1 

SAXONY 

H. Schneider 

(Dresden, Ge1111an Democratic Republic) 

Although Ni-bearing chlorite is often described in notable 

textbooks (Strunz, Ramdohr, Betechtin), there has so far been 

no uniform opinion as to its correct assignme~t,and its existence 

is doubtful. 

The mineral from the nickel ore deposits in the Saxonian 

Granulitgebirge is described by Jubelt under the name Ni-chlo

rite.The present author has established that this mineral i0 

mostly Ni-bearing vern1iculite and vermiculite-chlori te inter -

stratifications. Only one sample was found to be chlorite. The 

data of the chlorite mentioned are as follows: 

Chemical analysis (weight percentage) :33.32 Si02 ; lJ.23 Al2o
3

; 

2.92 Fe 2o3; ).10 FeO; 1.11 NiO; 33.79 MgO; 
{+) 

14.) H2o • 
,,,, ,, 

Structural formula (Al1 • 30 F~ 0 • 42 Fe0 . 50 Ni0 •18 Mg9 • 58 ) 

/(OH)l6 (Sir,.34All.66) 020/ 

d (~) 

14.2 

J 

JS 

100 

• 

hkl 

001 

002 

003 

004 

7.12 

4.747 

3.561 

77 
d ( 001 ) = 14 • 2 ',:; 

80 

The basal reflection did not change when treated with gly -

cerine; after heating at 580°C its intensi ty strongly increased 

with simultaneous decrease of d to 14.0 ~. 



The DTA shows endothermal peaks at 625 and 840°c and exo

thermal peak at 860°c. Two stages of dehydration (brucit~ or 

talc layer) could be established from the thermal gravimetric 

curve. 

Optical data: nx (=ny) = 1.579; xz= 1.584; 

n - n = o.004s·, z x 

optically positive,2 V = 41°. 

On the basis o~ the data given the mineral was named by the 

author as Ni-penninite. 



EIN NICKEWHLORIT AW DEN NICKELHYDROOILIKATIAGERSTITTEN 

SACHSENS 

H. Schneider 

/nresden, Deutsche Demokratiache Republik/ 

Obwohl Nickelchlorite oft beschrieben worden sind, her-
.. . -rscht bis heute in den fUhrenden IA!hrbuchern /STRUNZ, RAMDOHR, 

BETECHTIN/ iiber die Stell11ng dieser llinerale noch keine Klar

hei t, teilweise wird ihre Exiatenz bezweifelt< 

Der Autor dieser Arbeit untersuchte d•e von JUBELT ale 

-Nickelchl~rite bezeichneten Kinerale aus den Nickellagerstat-

ten im Sachsischen Granulitgebirge. Er konnte feststellen 1 

•• dass diese llinerale grosstenteils nickelhaltige Vermiculite 

und Vermiculit-Chlorit-Wechsellagerungen sind. Nur eine Probe 

erwies sich als Chlorit. Im folgenden werden einige Daten 

dieses Chlorita mitgeteilt. 

Chemische Analyse /Gew.~/: 33,.32 Si°"l; lJ,23 -'-120
3

; 2 ,92 Fe2o
3

; 

J,10 FeO; 1,11 NiO; 33,79 llgO; 14,) ~o(+). 

Strukturformel (Al1130Fe~:4.2Fe~, 50Ni0118Mg9 , 58 > 

/(OH)l6t(S16,J4All,66) 020/ 

Rontgenana13se: hkl d cR) J 

001 14,2 38 
002 7,l2 100 d{ 001) 
003 4,747 77 
004 J,561 80 d(060) 
005 2,847 20 

- 14,24 -

- 1,536 -

-Der Basisreflex veranderte sich nicht bei Glycerinbehandlung; 

nact Erhitzen auf 580°c vergrosserte er seine Intensitit be-

"' 



:rachtlich bei gleichzeitiger Abnahme vond auf 14,0. 

Die DTA zeigt endotherme Peaks bei 625 und 840°C und 

einen exothermen bei 86o0 c. Zwei Stufen der Wasserabgabe 

. ·sruci t- bzw. Ta lkschicht/ konnten aus der Gewichtsver-

:ustkurve ermittelt werden. 

O ptische De ten: nx (= n ) - 1,579; - l,584; - -y 

nz - n = O 0048· x ' , 
Optisch posi tiv 2 v - 41°. -

.. 
Auf Grund der ange-!ftihrten Daten bezeichnete der Ver-

~asser das Mineral als Ni-Pennin. 



SYNTHESIS AND STABIUTY OF MICAS IN THE SYSTEM 1<20-MgO-Si~-~ 

AND THEIR REIATIONS TO PHl.OGOPITE 

F. Seifert and w. Schreyer 

/Bochum, German Federal Republic/ 

A series of al11mina-free micas was synthesized hydro

thermally in the potassium-poor portion of the above system. 

One end member of this series has the ~omposition 

K14g2 .ii14o10 COH) 2 , which, because of its octahedral occupanc~, 

is intermediate between the dioctahedral and trioctahedral 

micas. 

From this end member a series of mica solid solutions 

extends towards more Mg-rich compositions. Although the 

substitution causing this solid solution is not yet known with 
• 

certainty, by far the highest yields were obtained along the 

substitution line 2 Mg for Si, which would invole incorpora

tion of Mg in tetrahedral sites. 

At P~ 0 = 1000 bars and 62o0 c the Si-rich end member 

decomposes to a more Mg-rich mica, the roedderite phase 

~Mg5s112 o30 , liquid, and ~0-rich vapor. With increasing Ilg

-content the therSMl stability of the mica solid solutions 

increases up to 860°c at a composition of about 

• 7.5 5102 • x H2G. This mica disintegrates 

directly into forsterite + liquid + Hz_O-rich vapor. The mica 

phase richest in Mg with a composition of about 

ISO . 6.6 MgO • 1.2 Si02 • x ~O breaks down at 7ao0 c to 

forsterite, a more Si-rich mica, liquid, and H20-rich vapor. 



This binary series of 8 l\Jmina-free micas forms a comple

te series of ternary solid solutions with normal phlogopite, 

KMg3s1~1010 COH) 2 • Analyses of some natural phologopites 

showing Si in excess of 3.0 /up to J.18/ can be explainec 

through this ternary miscibility range as al11mina-defficient 

solid solutions. 



ON THE REIATIONSHIP BETWEEN THE CHE.MI~L COMPOSITION AND X-R&Y 

mFFRACTION PATTERN OF BIOTITE 

J. Starkey 

/London, Canada/ 

Calculations based on a model of the biotite structure 

indicate that variations in the diffracted x-ra~ intensities 

of 001 planes ·as a function of chaJ18eS in composition are mQre 

pronounced for single crystal specimens than they are for 

powder specimens. The atomic substitutions which occur within 

the tetrahedral layer and amongst the large interlayer cations 

and the anions do not involve atoms differing sufficiently in 

their scattering factors tc produce detectable differences in 

intensity; their possible effect is further minimized by the 

limited substitution which occurs. However, the effect on the 

intensity of 001 reflections by the substitution of iron ar.d -
manganese for magnesium and a lumini11m within the octahedral 

layer is large. On the basis of these calculations determinative 

curves ere drawn relating the intensities of 001 reflections to 

the composition of the octahedral layer of the trioctahedral 

micas. 

The calculations for single crystal specimens are applied 

to I-raJ diffractometer powder specimens in which the preferred 

orientation of the mica crystallites has been enhanced. Such 

powder specimens behave essentially as single crystal specimens 

as far as the 00! reflections are concerned. The compositions 



of twelve analyzed micas are determined in this way and the 

agreement with the chemical analyses is better than 5 %. 

The model used in the calculation also permits the 

:omputation of the ~ parameter. It appears that ~ is largely 

1eterminec by the aluminium-silicon diadochy in the tetahedral 

s ites. 



POIA.RISED AB.SORFTION SPECTRA. OF TRIOCTAHEDRAL llICAS 

R.G.J. Strens and D.W. Robbins 

/Newcastle upon Tyne, U.K. and Rochdale, Lanes, U.K./ 

Polarised absorption spectra /1850-25000 R; have been 

obtained for 15 analysed trioctahedral micas containing 0.2 

to 6 ~ Ti02 , 0.3 to 6 ~ Fe2a3, and 0.4 to 25 ~ FeO, and 

including 4 phlogopites, 9 biotites and 2 lepidomelanes. 

There are three main contributions to the absorption: 

they are /a/ charge transfer from oxygen to Ti4+, Fe3+ and 

Fe2+ in the near ultraviolet; /b/ charge-trans~er from Fe2+ 

to Fe)+ at the red end of the visible region, and /c/ internal 

d-d transitions of the Fe2
+ ion in the near infrared. 

Extensive solid solution in the brucite layer caused the 

0 •/Fe, Ti/ charge transfer band to broaden, and thus to 

encroach on the visible region. Titania has a particularl.3 

large broadening effect, which is most marked for vibration 

directions in the plane of the flake, accounting for the red

dish colour and strong pleodlroism of titanium-rich biotites. 

The transmission window between the 0 __../Fe, Ti/ and d-d bands 

is partially blocked by the Fe2+. Fe)+ band, which absorbs red 

light and gives rise to the green colour which is characterist• 

of micas rich in FeO + Fe2o
3

, but poor in Ti02 • This band is 

• strongly polarised in the plane of the cleavage 4'3 ,fll/, and it 

intensifies the pleochroism: its polarisation dependence in 

the /3 and 11 spectra is such as to impl.3 a high degree of orde

rinf Fe2+ and Fe)+ in the brucite layer. 

+11 



Application cf these findings to other minerals leads 

~o a better understanding of the colour and pleochroism of 

: rthopyroxene, cordierite, tourmaline, alkali amphiboles, 

~ornblendes and most sheet silicates, and also throws light 

:n t he mechanisms of electrical conduction in mineral insulators 

3Uc.h as mica and the asbestiform amphiboles. 



r..~CLEATION, GROWTii AND POLYTYPISM OF 

FLUOR-PHLOGCPITE FROM VAPOUR PHASE 

I. Sunagawa, Y. Endo, N. Daimon 

and I. Tate 

/Tokyo and Nagano-shi, Japan/ 

Micro-surface structures of cleavage lakes on which 

fluor-phlogopite crystallites were auto-epitaxially grown 

were studied usir\g a reflection pt1ase contrast microscope. 

Four different growth features were observed; i.e. 1/ 

mono- and multi-molecular growth islands with flat surfacee 

on which no spir~ls are observed, 2/ mono-molecular spirals 

with only o half or small number of turns, )/ mono-molecular 

spiruls with many turns and wide spacings, 4/ growth pyramids 

consisting of narrow spaced spirals. From the mode occur

rences of these growth features, it is con j ectured that near 

the melt end of t be crucible c ryctallizing particles are sup

plied in the form of molecules, wherea s at the cooler end 

they are in the form of mono-molecular slices wl1ich are for

med by the coagurlation of molecules while they are being 

transported. 

The fundamental morphology of mica spirals should be 

in five-sided form, w:.ich is an hexagon truncated one side. 

The lM ?Olytype of mica exhibits spirals of this morphology. 

Other polytypes having zigzag stackinge will exhibit different 

ty ~es of interlacings on their spirals. Through morpholoeic3l 

analyses of the interlacing patterns, it w~s possible to 



~ dentify polytypes of lM, 2M1 , 2M2 , 20, JT and other higher 

:rders. It was also noticed that different polytypes coexiat 

~e~r-by on the same cleavGge flakes. This suggests that the 

:ormation of different polyty pes is infered to the kinetic 

~recess of crystal growth rather than termo-dynamical factors. 



MiiED-LAYER AND OTHER CLAY MINERALS FORMED DY DEGRADATION 

OF T!IE SEDIMENTARY ROCKS IN ::3ELGIUM 

J. L. IA. Thorez 

/Liege, Belgi1lln/ 

Clay un«ergo dif'ferent ~nd. significant mineral cha11ges 

when expo~ed to weathering agents. Some of these change were 

revealed by a careful study of the weathering developed on 

outcrops, galeries and subsurface samples bel onging to dif

ferent se<limentary rocks of n~lgium. The rocks are of dif~e

rent ages too; from i{eviniAn to Ter·tiary. About 200 samples 

were s tud i ed i n oriented aggre~ates. 

The mineralog,y of the c l ay minerals ·raI';,r with the nature 

of the parent rocks , depth of the surface and wi th t he degree 

of weather :i_ng. 

Fresh rocks contain illite and chlorite or illiti, chlo

rite, kaolinite, montmorillonite. The relatively unweathered 

rocks contein t11e s&me assembl~ge &s dominant clay minerals. 

In the more weathered material, some of the parent material, 

break progressively d ow with the concurrent formation of mont-~ 

morillonite or kaolinite through possible intermediate stages 

of r~om mixed and expansible layer silic8tes. Those ch~nges 

are s t1own on glycolation, ~.~ - and K - saturations, heating. 

In ••ny ca~es, the weathered product~ still contain a part 

of the parent c l ays. 

For the examples s tudie(J a mechani s m of weathering ie 

suf_~gested . ii classifica tion and codific <\t ion of r~om mixed 

layer ,. bt1 i ldi ng~; " are g iven. 
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~IATIONSHIPS AMONG SHEET SILICATES, AND SOME ''MISSING" SPECIES 

E.J.W. Whittaker 
' 

/Oxford, U .K./ 

The sheet silicates considered include talc, pyrophyllite, 

c ommon .sad brittle micas, glauconite, illite 1 vermiculite and 

the smectites. Some of their relationships are clarified if 

WAe minerals are represented by two parameters - the charge 

x on the octahedral, and z on the tetrahedral, ions. A plot of 

s againdt x puts the ideal minerals on a series of di~gonal 

Jines, each corresponding to a different total charge on the 

ter-layer ions. By representing the dioctahedral and trioacta

dral minera~s on separate diagrams further relationships 

come apparent. 

Dominant values for inter-layer charge /in the 24 O,OH 

~ormula/ are 4 /brittle micas/, 2 /common micas/, 4/3 /e. g. 

illite/, 2/J /smectites/ and zero /e. g. talc/. The diagram 

phasise~the relationship of vermiculite to illite rather than 

to the smectites,which accords well with its expansibility. The 

• elationship between glauconite and montmorillonite is clarified 

•1 the diagram and that of sauconite to the smectites is 

•rought out. 

A difference between the dioctahedral and trioctahedral 

i agrams arises from the higher Alf4J content of clintonite than 

margarite. The absence of a trioctahedral brittle mica contain

ing less &1[4] is related to the lack of a trioctahedral 

analogue of paragonite, both due to the excessive size of the 



inter-layer site unless the tetrahedra are rototed substantial

ly. This requires higher Al[4/ in trioctahedral than in diocta

hedral micas. It would be inadequate in a sodium phlogopite, 

but will be adequate in ephesite, which is to be regarded as 

a common mica related to paragonite as clintonite is to margar11iJ 
• 
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ZONED GARNETS AND MF:rAMORPHISM 

M. P. Atherton 

/Liverpool, U.K./ 

ltieroprobe analysis of garnet• from metamorphic rocks 

from the Scottish Dalradian reve.ale strong compositional zon

ing of Mn, Fe, Cs, Ti and Ilg. Comparison of the zonation with 

that derived for an isothe.rm.al model indicates that many gar

nets grew with a decreasing temperature. Initial nucleation 

was instantaneous and took place at the maxim.um temperature 

rea~hed b¥ the rock. Garnets at the lowest grade on the garnet 

iaograd nucleated in an equilibrium system but were quenched 

before growth .was complete. 

From a aeries of probe traces across the Dalradian, 

a coapoaite picture of the heating and cooling rates is deri

ved ~ualitatively. Thus in general the initial heating was 

rapid and no garr1et crystallized till the maxim•1m temperature 

••• reached. This was followed by long slow cooling, during 

whieh er~atallization and garnet growth continued and anneal

ing took place. 

Such result~ have an important bearing on conaiderationa 

of the widespread occurrence of non-retrogressed high tempera

ture assemblages in metamorphic terrains and the anomalous age 

determinations from metamorphic minerals, which may well be 

due to differing cooling parameters in different parts or the 

aame metamorphic belt. 



EXPERIMENTALLY DETERMINED RELATIONSHIPS WITH OMPHACITE 

P. K. Bell 

/Washington, U.S.A./ 

Melting phenomena at high pressures in the system ja-

:eite-diopaide are characterized by a two-phase region much 

the same as that which occurs in albite-anorthite. This per-

~its the assumption that high and low pressure behaviour of 

~· : •• i e general compositional range in volcanics will be similar. 

~ne ~uggestion of a mi~cibility gap is observed, which is 

ertremely pressure-sensitive /l5°C/kb/. This particular esp 

~robably involves a eecond-order transition of the order-di

sorder type and is likely to be the phenomenon characterized 

:1 the symmetry change of C2/c to P2 obeerved by Clark and 

?a pike. 

Subsolidus reactions of omphacite .. pyroxene+ nepheli

~e + albite demonstrate that the ef~ect of adding diopside to 

~a~eite is extremely slight /less than one kilobar/ up to 20 

;ercent solid solution, the effect becoming stronger to final

:y complete p~roxene stability with increased solid solution. 

!his concurs with the results of Bewton and Smith /their expe-

rimenta included acmite component/. The conclu~ion can be 

~rawn that the stability of most natural omphacites will be 

~uch the same ae that of pure jadeite • 

• 



MECHANICS OF FUNI DIFFERENTIATION IN ULTRAllAFIC AND MAFIC ROCIC!l 

s. Blattachar,ii 

/New York, U.S.A./ 

Experimental quaai-scale model studies support the view 

that the effect of the flow dif~erentiation in causing mine

ralogical and cryptic zoning, eryst.al and chemical :fractiona

tion of mag•ua leading to the formation of different rock typea 

during their transport trom the mantle towards the surface of 

the crust is more significant than has been previously recogni--~ 

zed. 

The dynamics of the process/ea/ of flow differentiation 

in viscous and pseudoplastic magma to Bingham body plastic and 

peeudoplastic magma, containing varying proportion of' intratel.

luric cr~at.ala ot dif.terent sizes, shapes and densitiea in 

suspension and settling conditione prior to and during aovement t 

was atudied in experimental quasi-scale models. The mechanics 

of intrusion/a/ and flow differentiation process/ea/ of fractio 

ated li~uid columns of magma and crystal-mush during movements 

through circular and pa1~llel plates conduits has also been in

veatigated in experimental models. 

In Yiacous, flow differentiation is facilitated b7 with

drawal and axial migration of cr~atals from the wall• during 
I 

movement. Magma flow in presence o~ magma-floor, high shear gra-f 

dient, low viscosity and low concentration of intratellurie 

cr7etals £acilitate axial migration of er~atal leading to the 

fractionation of rock types. In Bingham boey plaatie'-paeudo-
• 



?lastic and elastoviscous crystal or crystal-melt mush, differen

tiation and intrusion of the mush is facilitated bJ development 

of a central plug of crystals with immobilized interstitial 

fluid surrounded by a lubricating sheet of" melt extending to 

conduit walls. Magnus erfect, shear deformation of aggregates 

of crystals, wall effect and fluid slippage alor.g walls favor 

withdrawal and axial migration of crystals. Flow barding and 

!low lineation develop in crystal mass and segregation bandings 

appear in the marginal melt. 



THE Zn.5 - I~S J BINARY 1064 o TO 500°c 

R.S. Boorman and J.K. Sutherland 

/Frederictown, Canada/ 

• 

The ZnS - I~s3 binary has been studied between 1064° 

and 500°c in evacuated vycor and pyr~x glass tubes. This stu

dy was initiated to gain information on the substitution of 

indium in sphaleri te which is the com•eon host 111.neral for this 

eleaent 1n nature. Four hexagonal sulphides, I~ZB34 , I°2z~s 5 , 

I~Zn3s 6 and I~Zn4s 7 were synthesized. I~Z~s 5 and I~Zn4s7 
are new compounds, the other two having synthesized previous~. 

Beta In2s
3 

coexists with I~Zn.54 over the temperature 

range studied, whereas the ZnS end members are in equilibrium 

with three compounds. In2zn4s7 coexists with wurtz1te at 1064° 

and with sphalerite, below the wurtzite-sphalerite transforma

tion, down to approximately aoo0 c. I°2zn4s7 is not stable be

low this temperature and In2zn
3
s 6 and sphalerite become the 

equilibrium pair from 800°c to 645°C. I~Zn~6 is not present 

below 645°C; instead, 1°2Znz5 5, which coexists with I~ZnS4 
froa 1064° to 500°c, becomes stable with sphalerite. 

Approximately 

wurtzite at 1064°C. 

14 weight per cen indi11m is soluble in 

The indium content 

from 2.2 per cent at a29°c to zero per 

in s pha leri tea 

cent at 6oo0 c. 
decre&ses 

The cell 

sizes of theae sphalerites also decrease from 5.4129 + 0.0003 X -
to 5.4097 ! O.OOOJ i , over the same temperature range. Appro-

ximately 4.2 weight per cent zinc is soluble in f> I~s 3 at 

l064°C and 4.8 per cent at 744°C. 



INCUJSIONS IN BRAZIL.IAN DIAMONDS: OLIVINE 

W.G.R. de G.am.argo and C.R. Leite 

/S. Paulo and Araraquara, Brazil/ 

This research proposes to identify the inclusions of Bra

zilian diamonds, which occur at several areas of the country. 

;.. vsria tion of the precee sio11 method, intro due ed by the authors 

/Camargo, ·.v.G.R. et al., Ci~ncia e Cultura, S. Paulo, Brazil, 

vol. 19, pg. 254, 1967/ has been successfully applied to the 

ldentification of the inclusions. The new procedure ecans re

ciprocal lat.tice, without the need of eeveral parallel photo

graphs, as in the conventional method. Moreover, there is no 

need of reorier1ting the cr.vatal.! at several positions. 

Olivine l'lS.& been identified as an illc lueion in diamonds 

:'roa the alluvium deposits of Abadia dos Dour,adoe, Minas Geraia 

5tate, Brazil~ The unit cell dimensions, a
0 

= 4.773 ! 0.006 1, 

·::i : 10.2JO + 0.012 1 at:ld c = 6.013 +_ 0.006 l .. calculated from 
0 - 0 • 

tone "d" spacings, have itldicated the term <;.f;r;ts2li ~e,. 

The inclusions are dark green in color, prismatic and ap-

;.arently of curved shape t which is due probab~ to occurrence 

:;f many ama 11 faces. 'rhe oil v 1ne irlc lus ions are randomly orien-

ted, without er~ topotaxic orientation, as found in other dia

.aond crystals ·oy Giardini, A.A,. et al., /Am. Miner. vol. JS, 

;:g. lJ6, 1953/ and Hartman, P. !lvL. Miner. vol~ 39, pg. 674, 

:9 54/. 

The diamond crystals exhibit anomalous birefringence 

sround the inclusions• probab~· caused by stresses developed 

9~ter the growing process. '.rhe birafringence eliminates any 



posaibility of a aecondary origin tor the olivine, as it seems 

to a•ppen with ~uartz. 

The oli~ine inclusions indicate a poaaible correlation ot 

Br•silian diamonds to basic magmas, at least in the inveetigatef 

area. Researches of other kinda of inclusions are being carried . 

out. 



MINERALOGY, PETROLOGY, A ND Dg)CENT 01' TWO PEGMA TITE TYPES 

FROM WEST-MORAVIAN ULTRAMAFITES 

P. ~erni 

/Praha, Czechoslovakia/ 

Serpentinized alpine-type peridotites that occur in meso

and catametamorphosed rocks of West-Moravian Moldanubic1>m and 

in the Svratka anticline occur ea irregular to lenticular 

bodies whose pre-serpentinization achistoaity often disagree• 

with that of the enclosing acid rocks. Serpentinizat1on was 

post-tectonic. chrysotile + lizardite preserve the framework 

of the preceding ol + py + px up to ol + en + ho + chl as

semblages. Along contacts with ultramafites the acid country 

rocks are converted to chlorite + aaponite, sometimes ac

companied by a weak zeolitization. 

Abundant pegmatites of the first type compose veins that 

penetrate fissure -systems related most.13 to the internal fabric 

of the ultramafites. The almost unsoned pegmatites grade from 

aplitic to coarse-grained bodies composed most~ of plg or 

plg + q; the K!' + plg + q and plg + corundum assemblages are 

exceptional. The content of accessory minerals is very low. 

All pegmatites of this type •1nderwent the same llg-metasoaatism 

! zeolitization a• the country rocks, being often complete~ 

replaced by chlorite, aaponite, and late cerolite. 

Peg•etites of the second type having well developed zoning 

etc. are rather scarce, and are located in late fracture• poat

-dating regional dynamoaetaaorphisa. These pegm.atitea were 

found to crosa-cut the earlier chloritized pegaatitea but are 

6f 



themselves almost unaffected by this llg-metasomatiaa. 

The first group of the early pegmatites originated during 

the regional dynamometaaorphism and concentrated in the heavily 

fractured peridotite bodies. After consolidation and regional 

uplift the ultraaatites underwent a slow static serpentinizatioa) 

that chloritized the early pegmatites and adjacent country 

rocks. In the final serpentinization stages the second group 

ot late granitic peg11
' 8 ti tea penetrated the ultrama:fi tea along 

fissures. 
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DETERMINATION ~UANTITATIVE DE DOLOMITE, CAI.CITE ET QUARTZ 

DANS UNE ROCHE CARBOHATEE PAR DIFFRACTION DE RAYOltS X 

J.J. Dubois 

/Liege, Be J.&ique/ 

Une m~thode de pr~peration d'4chant1llons de roches 

carbonateea a ete developpee en vue du dosage de la calcite, 

de la dolomite, du quartz et 'ventuellement d'autres min'

reux. L'analyse quantitative par diffraction de rayons X est 

reite aur l'echantillon depos' sur un filtre membrane en une 

couche minc.e d 'epaisseur aonogranulaire /moins de 4 microns/ • 
... 

Le filtre est depose sur un support metallique ou 11ne 

cavi te 0 ete cenag'e, ce qui permet \Jn abaissement de la 11-

mi te de senaibilite par diminution du bruit de fond. L'bomo-
I'\ 

geneit~ du depot ne neceasite pas l'emploi d'echantillona 

tournants. I.a precision de la mesure se si tue e•>x environ& de 
... 

l a 7 ~ relatifa suivant lea teneurs. 

D'autre part, lea analyses elimentaires de Ce, Mg, Si, 

Fe et Mn ont et~ effectuees par voie chimique, spectroacopie 
' I\ de rayona X et absorption atomique. Apres controle de la te-

' neur en Mg dana la calcite par variation de see parametres, 

il apparait une teneur en MgC03 dana la dolomite, variant de 
... 

42 8 49 "· 

13 



T r a n s 1 a t i o n 

QUAKTITATIVB DETERllINATIOJI OF DOLOllI'tl, CALCITE ARD QUARTZ DI 

CARBOICATIC ROCK BY I-RAY DIFPRACTIOR 

J.J. Dubois 

/Liege, ee1siUll/ 

A method was deYeloped for prep&ring samples t'roa carbonatic 

rocks suited ~or deter111ining the contents o~ calci·te, dolomite, 

quarts and poeeibly of other minerals. The quantitative x-r!Q' 

out in e ea1ople pl•e•d on a meabrant :f'i 1 ter 

in a thin monogranular layer, its thickness being less than 4 p,. 
I 

The t'ilter is ~laced on ~ me~al holder with a eavity which 

•tea it possible to increaee the sene1tiYity by decreasing back

ground noise. The homogeneity o~ the sa•ple layer doe8 not require 

the use ar rotating samplee. 'ftle aceuraey of aeaeareaeirt variee 

between 1 Sand 7 ~ /rel./, depending on the content. 

The contents at Ca, Ilg, Si, Pe and Jin were aleo ana·lyzed 

chewieally, by I-ray spectroscopy and by atomic absorptio11. On tlwl 

baria of eati,.eting the Mg content in calcite by changes ot ita 

lattice parametere the M&CO) content in doloaite Teries :fro• 42 I 

to 49 ~. 

Translated by A. Kotyk 



DIFFERENTIATION AND SPIUTIZATION OF PERXIAN BASAI.TS !1' 

NORTHWEST GERMANY 

F. J. Eckhardt 

/Hanno•er. Ge1=meny/ 

Deep borinss made pos~ible the investigation of thick 
• 

volcanite masses in the Permian. As a result of microscopie 

examinations these rocks are to be regarded as spilitized 

basalts. For the process of spilitization the following ob-

serv&tions are of importance: 

11/ The phenocrysts are the only plagioclases which are 

saussuritized. The~ now have a seam of albite corres

pond·ing, in its optical dat9, to the al vi tea which al

so from the matrix and the filling of fine veinlets. 

/2/ Ilmenite skeletons always have a seam of sphene. 

131 After the consolidation of the rock the matrix consia-

ted of glass. 

Th.is iddicates that the vasaltic melt, after crystalli~ation 

of the first minerals /basic plagioclase,and ilmenite.I under

went a ehange of condition and was rapidly crystallized. 

An evaluation of the chemical analyses facilitates an arran

gemant of projection points in the variation diagram. As star-

ting point for a differentiation a low-alkaline basaltic melt 

may be assumed. The good orientation of projections points 

in the variation diagram furthermore peraita the conclusion 



that in this ca~e the spilitization was an isochemical pro

cess. Thie will be discussed. 



rHE CHEMISTRY AND CELL PARAMETERS OF OllPHACITES AND REIATED 

PYROXENES 

A.D. Edgar, A. Mottana and N.D. MacRee 

/London, Canada/ 

In an attempt to relate the chemical compositions of 

omphacites and related pyroxenes to their recalculated 

~ineralogical compositions and origins, chemical analyses 

and cell parameters of 47 pyroxenes have been determined, or 

taken from the literature. Approximate~ two thirds of these 

analyses may be considered first class, the remainder being 

of doubtful or unknown quality. Twenty of the analysis are 

given for the first time, including 16 samples determined on 

the MAC-400 electron microprobe. Cell parameters, determined 

by x-ray powder diffraction techniques, have errors of ! O.l ~ 

for the majority of the samples, although for some samples 

taken from the literature the errors are unknown. 

A n11mber of methods of recalculation of the omphacite 

analysis into standard end-member molecules have been at

tempted. Most methods require recalculation into 5-12 end 

~embers which makes them geometrically unfeasible fer ccr-

re lation with their cell parameters on a planar surface. 

However, correlation with combinations of J end-member mole

cules, including diopside and jadeite the two most important 

end-members of omphacitee, ~an be made using triangular dia

grams. It can be shown that for some of the methods of recal

culation further reduction to the diopside and jadeite end-

,, 



-members by projection from the third component can be made 

and still result in an accurate /+ 5 ~/ estimation of the -
chemical composition of the omphacite from its cell parame

ters. The relative merits of the different recalculation 

methods ere considered. From the projections of the cell 

parameters end chemistry of the samples some prediction of 

the conditions of formation of the rock of the oaphacite can 

be made. 



POSITIVE AND NEGATIVE CRYSTALS OF PYRITE 

Y. Ende and I. SUnagawa 

/Tokyo, Japan/ 

More than ninety-five percent of natural pyrite are 

positive crystals in the sence that their {210} faces show 

striations parallel to (OOl), whereas negative crystals 

showing striations parallel to ( 010) are extremely rare. 

However, it is a general tendency that where negative crys

tals are in negative form. It is the purpose of the present 

a·tudy to clarify how negative crystals are formed and what 

is the difference between positive ~nd negative crystals in 

connection with their formation. For this, surface structures 

of {210) and [100} faces~ variation in the frequency of appe

arance of different crystal habits according to grain sizes, 

internal zonal structures as well as characteristics of modes 

of occurrences were studied on the so-called negative arystals 

of pyrite from a few Japanese localities. Surface structural 

studies of these crystals revealed that negative {210} faces 

show freely developed growth pyramids elongated paralled to 

(010), whereas positive {210} faces show striations consisting 

of steps of growth layers on (100}. rhis shows that positive 

{210} faces are formed by piling up of the edges of growth 

layers on { 100} faces, whereas negative { 210 J fac ea are formed 

by spreading of their own growth layers. It is also that 

that crystals change their habits from cubic to pentagonal 

as they grow larger, and that {210} faces of smaller crystals 

show positive s~riationa, whereas negative striations can be 



observed only among larger pentagonal crystals, Zonal struc

tures of these crystals revealed by chemical etching also 

showed that the larger negative crystals consist o~ inner 

core and outer thin crust, ehile smaller positive crystals 

have no outer crust. The outer thin crust co1~responds to the . 

zone formed by ~rowth layers on (210} faces. From these re

sults, it is considered that pyrite crystals grow at first 

as positive crystals and only at the latest stage negative 

crystals appear, nnd that the positive crystals are formed 

when growth layers develop mainly on {100} faces, whereas 

the negative crystals are formed only when growth l•yers can 

develop freely on the {210) faces. 



COMPOSITIOll OF SCAPOLITE BY ELECTRON PROBE llICROA.MALYSIS 

W. E'Yana 

/Berkeley, U.S.A./ 

The ability to analyse scapolite clear ot inclusions 

~hows that MgO in acapolite seldom exceeds 0.05 ~' Ti02 

0.01 ~. FeO 0.15 ~' and MnO 0.02 ~. The ratio ot Ca + Na + 

t- K + Ba + Sr +Ilg ·•· Fe etoas to Si +Al atoms in fourteen 

»capolitea anal.yzed in detail is l:J, with a variation of 

l ess than + 1 %. -
In metaeedimente ~ro• areas ot progressive regional 

aetamorphisa, the compositions of coexisting scapolite and 

pl.agioclaae generally show evidence of mutual equilibri••m. 

In the biotite and garnet zones, albite or oligoclaae, or 

bo th, coexists with a scapolite typically Me40 • At higher 

grades ot metaaorphisa Me60 coexists with An30 and Me 75 with 

An40 • 



CRYSTALLIZATION CONDITIONS OF SALT MINE~AlS IN CATALONIAN 

DEPOSITS /SPAIN/ 

M. Font-Altaba and J. Montoriol-Pous 

/Barcelona, Spain/ 

The study of 1)5 samples collected !rom the salt deposi ts 

of Suria, Cardona and Balsareny /Barcelon9, Spain/, is given. 

The following techniques were applied: difractometry, optical 

spectrography and decrepitometry. From data obtained, the 

variations of the paragenesea in the different layers and the 

distribution of the minor elements in these layers are esta

blished, The different temperatures of crystallization in the 

layers of sylvine and halite were calculated. 

With the study of time and the connection between variat

ions of the parageneaea, distribution of minor elements and 

different temperatures of crystalli~tion, the conditions o~ 

deposition and type of deposits are deduced. According to the 

present work, these deposits formerly considered as only very 

weakly metamorphosed have andergone a very strong metamorphism.} 



SYNTHETIC EPIDIDYKITE 

D. Ganguli and P. Saha 

/Calcutta, India/ 

tery thin, aicaceous cleavage flakes of epididymite, 

NaBeSi3~7/0H/, were synthesized hydrothermally from mixtures 

containing different proportions of ~co3 l>•o ~ by wt../ 

and natural beryl at 600° ! 5°c and 30.000 ! 500 psi. The 

synthetic flakes of this orthorhombic mineral showed distinct 

hexagonal outlines, comparable to the pseudohexagonal and 

micaceous /001/ cleavage flakes studied by Pobedimskaya and 

Uelov /1960/. Average refractive index, 1.577 ! 0.002, was 

<-iuite high compared to the normal values o'f l.54 - 1.55, 

birefringence being practically nil; it was suggested that 

the difference could be caused by incorporation of constituent 

cations /e.g., Al3+; and impurity cations /Fe3+, Ca2+, K+ etc./ 

of the natural beryl used, as well as some autoclave impurities, 

ln epididymite structure. However, due to intimate growth o'f 

analcite along the cleavages, it was not possible to separate 

~ pure epididymite fraction for analysis. The isotropic anal-

c 1 te grains probably accounted for most of the alum1n111m 

released from beryl. X-ray powder pattern of this composite 

material, apart froa containing nearly all the major peaks o'f 

tnese two minerals, recorded .also some unidentified lines. 

Alteration of beryl to epididymite and analcite-epididyaite 

1ausociation are already known in alkalic pegmatites, and the 

,,reeent experiments indicated an unusually soda-rich environment 



for swch associatioll8. 

Tbe complete decoapoeition o~ ber1l to epididJait• •Dd 

other phasea in an elk8"line atmosphere waa notewortl\Y iA 

view of the tact that natural beryl atubborn:l¥ rea1ate4 de

composition in neutral hydrothermal environment. 



·rHE CRYSTA.L STRUCTURES OF THE HUllITE MIIERAIS: NORBERGITE 

G.V. Gibbs and P.H. Ribbe 

/Blacksburg, U.S.A./ 

The crystal structure of norbergite, 11g3s104P1•8/0H/0 •2 , 

rrom Franklin, N. J. I,! s 4. 71; ~ = 10.27; s. = a. 72 R; Pbnoa, 

) = ) .228 g./cc./ was refined to R = 0.07 by least-squares 

methods using 800 intensities recorded with a scintillation 

0011nter on a Weiasenberg diffractometer. Important interatomic 

<11a tances are tabulated be low. 

I' 1 . ) -
Mg-

()-

U-

,_ 
l)-

,._ 
()-

Ilea~ ~oru;l. le9g~ !Rt. 
F 0 

------
2.010 

----~-

2.675 

-------
2.899 

2.994 

1.628 

2.124 

2.561 

2.740 

............... 

2.821 

2.994 

3.135 

- l 
9 4 

tetrahedral distances 

octahedral distances 

edges shared by tetrahedra, 

octahedra 

unshared tetrahedral edges. 

shared octahedral edge 

shared octahedral edges 

unshared octahedral edges 

unshared octahe4ral edges 

Taylor and West /1929/, recogniz11l8 similarities between 

•~orbergite and olivine• proposed a structure based on a hexa-

1<onal cloaepecked array of anions in which hal:t the octahedral 

•1tea are ~illed by Ilg and one-twelfth tetrahedral sites by Si. 

Jlowever, they described the structure as alternating layers o~ 



Mg2Si04 and Mg/F,OH/2 , wherees in fact the key structural 

units are not "layers" but zig-zag chains of edgesharing 

octahedra, Just as in olivine. The normalized volume of 

norbergite is less than that of forsterite because of the 

coupled substitution of 4 /F/ + vacancy for 4 /0/ +Si which 

is accompanied by a decrease in polyhedral distortions in 

norbergite. The table shows that the interatomic distances 

involving fluorine are N O.l R shorter than corresponding 

distances involving oxygen and that the distortion ot po]Jhedrt 

can be explained qualitatively in terms of Paulin.g's rules. 

Fluorine is ordered in the close-packed array and is 

bonded to three Mg atoms, unlike oxygen which is bonded to 

three Mg and one Si. Thie explains the fact that the isotropic 

temperature factors of the oxygens are e~veral times smaller 

than that of fluorine. 



ANDA WS ITE-SI LI,IMA NI TE-KYA NITE E~UILIBRIA. 

M.C. Gilbert, s.w. Richardson and P.M. Bell 

/Nashington, U.S.A./ 

Each of the reactions kyanitei~ sillimanite, kyanite.• 

andalusite and andalusite ~sillimanite has been studied 

hydrothermally in the presence of about 5 % quartz in the 

range 600-850°C. Both internallyheated and cold-seal gas

-medi11m apparatus were employed. Reaction direction was 

determined by comparison of ratios of X-ray intensities on 

a diffractometer. The experiments used to establish each of 

the equilibria involved only the appropriate two polymorphs. 

The equation for the kyanite-sillimanite transition is 

F/Kb/ = 0.024J T !°C! - 9.6). 

The ~quation for the kyanite-andalusite transition is 

P/Kb/ = 0.0107 T !°C! - 1.17). 

The intersection of these curves at 5.5 Kb and 622°c 

defines the triple point although there is a considerable 

reg:on of uncertainty because of the modest angle of inter

section. Application of the high temperature molar volume 

data of Skinner, Clark and Appleman and the slopes of the 

two transitions above permits the andalusite-sillimanite 

transition to be calculated as 

F/Kb/ =-0.0243 T /°C/ + 20.59. 

Our experiments involving the andalusi te • ~ sillimeni te reaction 

are so far consistent with this equation. 

The results presented here differ from those previously 

published. 
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Mb~ASOMATIC POTASH FELDSPAR ROCKS ASSOCIATED WITH ALKALIC 

IGDOUS COllPLEXES 

E. Wm. Heinrich and D. G. Moore 

/Ann Arbor• U.S.A./ 

Anchimonomineralic potash feldapar rocks ;~orthoaite, 

alkorthoeite, orthoclasite, perthoaite, trachyte, ~eldspathic 

breecia•/ are widespread components of alkalic-carbonatitic 

c;omplexes or provinces in many localities /e.g., Alntl, Sweden; 

Mbeya, TBnzania; ah.ilwa Island, Kalawi; Rufunsa Valley, Zambia; 

Wet Mountains, Colorado,. U.S.A./. Textures v&ry from granitoid 

to t.rechytoid to rragmental. Where associated directly with 

carbonatite, these rocks are generally older, but locally 

rheomorphic /?/ dikes trangress carbonatite. They occur as 1/ 

units complexes, 2/ in wall reeks adjacent to complexes, ]/ 

a$ veins, dikes, pipes, and linear z.ones apart from complexes 

but within alkalic prQvinces. 

aommonly red /"burnt rock"/ owing to abundant minutely 

disseminated hematite, the rocks also may contain concentrat

ions of rare earths and thorium /as thorite/ and normally are 

msrkedly radioactive. 

'?he feldspars are turbid /owing to dµaty hematite/, 

show fine "gridiron" twinning, and may have relict cores of 

clear, older feldapar. X-ray determinations of their Ila con

tents /using the ~01 d-spaci~g and correcting for structural 

state/ i .ndicate that they contain usually less Ulan ) mole 

per cent al bite. Structural state A =-12. 5 [ d/l]l/}, studies 



Rhew that they are near-maximum microclines with a usual range 

f'o r6 ~ 0.85 - 0.92. Further evidence of their low-temperature 

fenetic environment is advanced by the co-presence of chalce

dony, opal, and Schachbrett albite, and ase0ciated fluorite, 

barite, and quartz crystals. 

The rocks were formed by potash metasomatism, and are 

variants of fenites, representing a relatively high-level type 

of alteration associated especially with complexes displaying 

3ub-volcanie or hypabyssal characteristics. ~he Laacher See 

sanidinites are their high-temperature analogs. 



ON THE CRYSTA(, STRUCTURE OF SAMSONITE, 2 AgzS JlnS Sbi5] 

J. Hru~kova 

/Praha, Cz~choslovakia/ 

The crystal structure of samsonite /sulphur salt of Ag, 

Mn, Sb/ from Andreasberg, H.arz has been carried out on a eingle 

cry~tal of this mineral. '?be rotation and zero - layer Weis

senberg photographs have been taken for all three crystallo

graphic axes as well as equiinclination photographs about /001/ 

axis. Visually estimated intensities of reflec~ions have been 

used for calculations of projections of Patterson function 

along three crystallographic axes and of Patterson - Harker 

sections { x ~ a} and (! y ~), The interpretation of these 

syntheses led directly to the deter~ination of the positions 

of heavy atoms in the unit cell of samsonite. These positions 

served for construction of projections of minimum function 

along /001/ and /010/ axes. The first projections of electron 

density along /001/ and /010/ axes were calculated with struc

ture factore whose signs were already reliably determined from 

heavy atom positions. 

All atome except Mn lie in general fourfold positions 

of the space group P 21/n. 11.angenese atoms lie one of the four 

twofold positions of this apace group • . The presence of two 

atomic poyyhedra - the pyra~ids SbS) and slightly deformed 

octahedras MnS6 - are the m<Et characteristic feature of the 

crystal structure of samsonite. The SbS
3 

group is a low pyra-



mid with Sb at the vertex and three sulphur atoms at the ba-

eal corners. 

The manganese atoms are situated in one of four· two

fold poai tiona in centres of syn•metry and lie between octa

hedral groups of sulphur atoms. All three sulphur atoms in 

Sbs3 pyramid are crystallographically different from each 

other and belong to dif'f erent MnS6 octahedra. 

' 
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Ttlli CRYSTAL STRUCTURE OF THE HIGH TEMPERATURE FOHM OF BaSia05 

H. Katscher 

/ICiel, Gern1aey/ 

ROTH and LEVIN /1959/ pointed out, that the mineral san

bornite, aas12o5, transforms at about 1J50°C a high temperatu

r9 form. Single crystals of this high temperature ~orm were 

e¥ntheaized by solid state reactions at about 1400°C using 

~co3 and Si02 as starting materials. The quenched phase is 

Stable at room temperature. The lattice parame~ers are 

a = 23.27 R, b = 4.67 f, c = lJ.64 R, (3= 97.a g 

T~e unit cell contains 12 /Bas12o
5
;. The apace group is C2/c. 

T~e structure was elucidated by Patterson, electron density, 

Stui difference syntheses. The anion o~ this silicate is a sheet 

W~ich can be built up by zweie~~etten 1 i. e. chains with two 
a 

t~trahedra in the identity period of the chain /nomenclature 

atter J.IE!BAU, 1962/. The chains are connected through linkage 

ot corners or tetrahedra and r11n parallel fo10J. The barium 

c~tions connecting the silicate sheets form widulating layers. 

82 



MAGNESIO-CUMMINGTONI TE: A. NEW Ca-POOR MAGNESIAN CLINO-AllPHIBOLE 

FROM NEW SOUTH WAI.&5 

H.J. Kisch 

/Leiden, Netherlands/ 

A cummingtonite with Mg+J~+an /atomic ratio/ = 0.81 oc• 

curs in a cummingtonite-hornblende-chlorite rock from Cooma, 

NSW, Australia. The structure formula /calculated on a basis 

of 23 oxygens is 
t 2+ J+ 

Nao.09<Cao.19M85.45Fe1.23Mno.04Feo.00Tio.01Alo.07>6.99 

f<s 11.af10.17>a.00°221 <OH)~. 
The Wlit-cell constants are a

0 
9.49 R, b

0 
16.00 R, c

0 
5.30 R, 

~ l02.o0
, Vo 886 R3, the refractive indices ~Na 1.621, rNa 

1.644. These values, when plotted against the ig+~~+lii ratio, 

fit the extrapolations towards Mg7/si8o22 i(OH)2/ from recently 

published determinative curves for the cu•mingtonite series. 

Ca-poor magneaian amphiboles are predominantly ortho

rhombic: anthophyllite. The most magnesian cummingtonites 

known thus fer have ag+J~+in ratios around 0.7. Presence of 

calci\>m and manganese has been cl.aimed to stabilize C\1mming-

tonite as against anthophyllite. The Cooma 

most other published C\>mingtoni te ana lye es 

cummingtoni te and 

with .-,--~'--- > 0. 5 11g+.l'e +Mn 

show 0.10-0.40 Ca per formula unit. However, many contain less 

than 0.10 Mn per formula unit, though their ig+ff+iD ratios are 

consistently higher than in the associated Ca-riah amphiboles. 

These low Mn-contents apparently do not preclude monoclinic 

symmetry. 

8J 



There is no name for the magnes ian end-member of the cu•• 

mingtonite series: "kupfferite" is discredited /Sundiua, 1931), 

Maintaining the subdivision of the cnmmingtonite series at 

a:g!J; = 0.5, the author proposes to revive Tilley's (1939) na .. 

aagnesi 'l-cummingtoni te for this end-member and for c11mming

toni tee with ilg!fe > 0. 5. Gruneri te is reserved for meabers 

with ag!te <0.5, while c11mmingtonite col'-inues as name for 

the whole series. 



FURTHER X-RAY STUDY OF ZIRCON 

I ~ , 
I. Krstanovic, s. Djuric and P. Ilic 

/Beograd, Yugoslavia/ 

X-ray study of zircon /ZrS104/ have been undertaken in 

order to obtain better understanding of the process of meta

mictizstion in this mineral. To detect possible anisotropic 

changes of unit cell dimensions in radiation da~aged crystals, 

we have measured unit cell dimensions CJ! ten zircon crystals 

with the urani\1m con~,ent ranging from O. l to 1.1 f, and exhi

bi ting dif~erent degree of metemictizction. The measurements 

rrom powder and single crystal photographs confirmed th•t, 

durill8 th~ process of metamictization, th~ zircon lattice 

expands anisotropically as far as ~ and £ axis are concerned. 

Ne were however unable to detect an1aotropic expansion of ~1 
Hnd 92 axis = within the limit of experimental error. Three 

dimensional intensity data, from two zircon crystals showing 

different degree of metamictization wer6 chosen for counter 

technique. Full-matrix least square program and three cycles 

were used to refine positional and thermal parameters of 

oxygen atom. The following values were obtained: 

x = 0.064 + 0.001 - z = 0.194 + 0.001 -
• 

and B = 1.8. No significant change ~rom two set of date were 

round. Unit cell data were also used for the calculation of 

the absolute age. 'Nhen these results were compared with those 

ubta'ined by isotope urani11m-lead and lead-lead method, they 

were found to be generally lower compared with the isotope ages. 



I.EAST SQUARJCS REFINEMENT OF Ilfl'ERATOMIC DISTANCES 

IN FHAKEWORIC STRUCTURES 

W. M. Meier anc H. Villiger 

/Ziaricb. Slritaerland and London. tl.K./ 

The values of bond lengths are in most instances reaso

nably well known and can be predicted with some certainty. 

The direct use of this information in structure analysee haa 

been found particularly useful in studies of al 11mi nosilicate 

structures. The interatomic distance D is a function only o~ 

the coordinates of the atoms involv~d end the unit cell cons-

t.ants. With framework structures it is found that the n•1mber • 

a! cryatallographically independent interatomic distances 

exceeds the number of coordinates to be determined. There-

fore, given an approximate initial solution, it is possible 

to compute the coordinates of framework atoms by means o! 

least squares adjustments of interatomic distances to pres

cribed values. The refined coordinates found thereby define 
• • • an idealized structure with respect to prescribed interatomic 

distances /and fixed unit cell const.ants/ which will be cal-

led the D-structure. In some instances, an alternate idealiaed 

structure, the R- s tructure, h~ving specified ratios of inter

atomic distances can generatec using a similar least squares 

procedure. A general computer program has been developed both 

for D- and R-refinements. 

The main applications of D-refinement are: 

1/ The calculation of reasonably accurate trial coordinates. 

In our work on tectosilicates we h~ve found that whenever 

# 



D-refinement has notproceeded, either the trial structure 

or the assumed symmetry has been incorrect. 

2/ The refinement of pseudosymmetric structures /lowering o~ 

the symmetry in structure determinations/ . 

Fourier maps of the initial high-symmetry structure yield 

the magnitudes but not the signs of the atomic desplacemente 

from the high-symmetry positions. The probable signs of 

the displacements may be obtained by D-refinement. 

D-structures are also of interest for comparative studies 

of structure r~finements. 

Actual examples and applications in the field of mineral 

structures will be discussed. 

81' 



GEOCHEMISTRY OF MINERAL INCLUSIONS IN DIAMOND 

H. o. A. Meyer 

/Washington, U.S.A./ 

Minerals of several different types / e.g. olivine. 

garnet pyroxene/ occur as inclusions in dianond. In many ca

ses the diamond has insulated these inclusions from subsequent 

chemical alterat i on. The mineralogical and chem:cal informat

ion that may be obtained from these inelusiona bears directly 

on the compositon of the upper mentle, specifically that r~g

ion in which diamonds originate. 

Groups of s~l~cted inclusions have been ct1emically analy

sed after r&moval from the diamond host. The analyses obtained 

will be presented and discussed and comparsion between these 

iclusiona and kimberlite •jnerals made; for ex.ample: The oli

vinea average 93 I !orateri~e and are extremely uniform in 

major and monor elea•nt concentration. Conversely, the garnets 

show extreme variation. Pyrope garnets rich in chromium predo

minate. The calci,1m content is too amall to accommodate all 

the chromium as uvarovite and approximatel~ 28 % of the Fianlei

te (Kg3cr2 (sio4 )3l end-meaber occurs. These garnets are among 

the most magnesi11m rich yet discovered IN 24 $ 11.gO by weight/. 

However, other garnet inclusibns are iron rich /almandine/ and 

in these chromium occurs only as a minor element. The monor 

element con t ent of the analysed inclusions indicates a gross 

simi larity to the minor element content ~f minerals frorr ultra

mafic r ocks as op posed to eclogitea. 



METAMORPHIC ZONING IN THOR-ODIN G?-.TEISS DOME 

BRlTISII COLUllBIA, CANADA 

J. 14.. Moore, Jr. 

/Ottawa, Canada/ 

Thor-Odin gneiss dome, part of the Shuswap metamorpbic 

complex, consists of a migmatitic core mantled by isoclinal-

ly folded, heterogeneous metasedimentary rock~ containing 
. 

abundant granitoid lenses and layers. Supracrustal rocks sur-

roundin~ the dome ure in the gr~enechist facies. Metamorphic 

grade rises inward to upper amphibolite facie$ /sillimanite

-ortho~lase ~ubfacies/ in a large area including the core o~ 

the dome. In pelites the disappearance of staurolite and kya-

nite, upgrade, approximately coincides with the first appear-

ance of sillimanite ~nd potDssic feldspar with muscovite~ and 

marks the outer limit of abundHnt /anatectic ?/ granitoid roka • 
• 

Kyanite, sillimanite and andalusite coexist in some rocks at 

the top of ~he staurolit~ zone. In and near pnrt of the core. 

kyanite reappears with sillimsnite, and both minerals are 

mJntled by corundum and cord i erite /locally with andalusite/. 

These relations imply that the last pervasive reeryst.al

lization took place at slightly l1igher pressure and tempera

ture than the aluminosilicute triple point. Later l~cal react-

ion accompanied continued diapirism and regional uplift. 

8!J 



STUDIES ON COMPLEX SI LICAT:FS: ':'fTF CRYSTAL STRUCTURES OF 

KORNERUPINE /WI TH J.M. BENNETT/, SAPPIIlRINE, JOF.SKI. THI TE, 

LEUCOPHOENICITE, AND A NEW llINERA L 

P.B. Moore 

/ Chicago, U.S.A./ 

Ko~n~~~p!ne, ! 16.100 /2/, ~ lJ.767 /2/, ~ 6.7J5 /2/ R, 
Cmcm, Z = 4, has 18 atoms in the asymmetric unit. Its structur1 

includes walls of Al-0 octahedra and chains of Mg-0 and Al-0 

octahedra fused to the wells to fora dense slabs parallel to 

.!! {010}. These slabs are held together by / S i 2 o7; doublets and 

/A12Si010; triplets. The crystallochemical formula is 
' ' VI VI VI " ... Kg 2Kg Al 6; s 12o

7
//Al2Si01c/0

4
/0H/. 

Sappqirine, ! 11.26 /1/, ~ 14.43 /1/, £ 9.95 R, f' 125°20', 

P2 1/a, Z = 4,has 34 atoms in the asymmetric unit. The oxygen 

atoms are cubic close-packed. Octahedral walls of three and 

four octahedra in width r\JD parallel to the c-axis. The walla -
are held together by a new kind of /T60181 .. tetrahedral chain 

which also runs parallel to the £-axis. The crystallochemical 

formula is 
MVI 802/i1V 6018/ • 

Joesmithite, ! 9.88, Q 17.87, £ 5.227 R, ~ 105°40; P2/a, 

Z = 2, is a new mineral ~rom l.Bngban, Sweden. There are ~J 

atoms in the asym~etric unit. It is an amphibolelike structure 

consisting of pyroxene chains and insular tetrahedra. The 

crystallochemical formula is 

/ Pb' Ca , Be / Ca2Fe + 3 /Mg' Fe/ 4 [s i2o6] 2 [s 1/ 0, OH/ 4] 2 / OH/ 4. 



Leuc;o2hoenicj.te, !. 10.95, 2 4.8)1, .£ 11.43 R, (3 104°30; 

12 1/ a, Z = 2, has lJ atoms in the asymmetric unit. This is 

une of several pol.ytypes. The oxygen atoms are h. c. p. end 

the octahedral populations define a new kind of chain related 

to the olivines by a simple algorithm. One set of /Si04/ 

tetrahedra is disordered. The cryatallochemical formula is 
. 

Mn7 [sio4] 2 ~sio41112 IH4o4; 114], • 

New mineral, ~ 9.68, ~ 14.77, £. 5.14 R, /J 101°30; C2/m, 

Z = 2, a new mineral from r.jngban, is an amphibole-like 

structure telescoped along the ~-axis. Its crystallochemical 

formula is 



AMPHIBOJFS IN ECLOGITIC ROCXS: THEIR CHE''ISTRY AND REI.ATION-

SJ:llffi TO THE OTHER MINERAL COrt:>TITUENTS 

A. Mottana 

/Milano, Italy/ 

Amphiboles, coexisting with sodic pyroxenes and garn~ta 

in eclogites and related rocks, have been chemically analysed 

and by electron microprobe. Their x-rays properties have been 

investigated by powder diffraction techniques, end their cell 

parameters determined using a least squares program written 

for the I.B.M. 7040 computer. On the basis of th6 chem1atry 

and structure of the amphibol&s of the present study, and 

those of compositions taken from the literature, amphiboles 

of eclogitic rocks fall into the following groups: 

.:51 Al Ti Ca Na 

l. A lkali-amphiboljs 
a) glaucophan~ 7.89 1.69 0.04 o.~8 1.05 l.99 0 .19 1.75 o. 

2. Sub~alcic amph~bol§@ 

a) Ca-glaucophan~7.43 1.75 O.OJ O.Jl 1.09 2.51 1.02 1.25 O.O, 

b) barroisit~ 1.01 i.aJ 0.04 0.49 l.os 2.12 1.21 i.06 a.ea 

J. Ca~cic am.El)ibolcs 
a 

a) car in thin_, 6.)2 2.44 0.11 O.J) o. 72 2.89 l. 52 0.82 0. l, :• 

b) hornb l.ende 
l. a. 6.)2 2.50 0.11 0.)6 1.12 2.79 l. 72 0.56 0.15 

c) "smaragdit~" 

l. s. 7.73 0.52 0.01 0.19 0.58 2 .24 1.75 0.49 0.01 

From their cell paramet~rs, some of th~ subcalcic amphiboles 

arti related to the alkali amphibo les • others to th~ c r.i l e i c ones. 

~t~tistically, primary and secondary horblendee do not show 

. ' 



significant differencies. Their composition is intermediate 

b~ tw&en that of amphibolee from granulitea and those of 

k.yenitebearing amphiboles. 

The di8tribution of major elements between amphibolos 

and their coexisting phases has been studied. Ca and Na are 

equally partitioned /Kgo-cpx = 1.0/ in ell but the Glenel&

- t,ypo eclogitcs /~o-cp~:.2.5;. Mg and Fe2
+ are distribut&d 

according to K~o-~~fa= l.4 in &clogites from amphibolite faciea 
Fe 

terrains; KD = 1.65 from granulite facies terrains and KDN2.2 

i n igneous eclogites. The eclogites from glaucophane schists 

have somewhat scattered distribution c~efficient. FeJ•, Ti 

und Al are partitioned in all the rocks according to a 

~(go-~~x = 0.55, but show a large mean deviation. The Ca, FeJ+ 
F e 

Jnd Al content of the garnet does not affect the partitioning 

of the corrtspondent ~lements between pyroxene and amphibole. 

()n ly Fe2 + .and Mg seem to affect signific:an tl.y at hte same time 

the three phase association. 

• 
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JlULTIPLE ORIErrrATIONS IN THE TOPOrAXY OF KsO ON llgF 2 

A. Pabst 

/~rkeleyt u.s.A./ 

MgO formed from single crystals of MgF2 by pyrohydro· 

ly.sis makes a layer over the surface with excellent orientat

ion. Six crystallographically distinct orientations have been 

found. In each case the MgO is twinned on ~111J and additional• 

ly comparable orientations related by the symmetry operations 

c.: lfgF2 may appear, a multiplicity of orientations on a single 
• speca..men. 

The orientations are determined by the llgF2 surface which 

is oxidized. If this is a /110/ cleavage the MgO formed has 

/112/ or, less commonly, /111/ parallel to /001/ of KgF2 and 

fI10] normal to the nucleation surface in both cases. I~ the 

nucleation surface is a cut surface parallel or nearly paral

lel to /120/ then also /112/ or, less commonly, /111/ of MgO 

is parallel to /001/ of MgF2 and again [110] of MgO is normal 

to the nueleation surface. 

·Khen other surfaces are oxidized these and subsidi&n1 

orientations ma3 occur and oxidized specimens with surfaces 

originally cut close to /001/ of MgF2 show prominent orientat

ion of another sort. 

From the known structures it is clear that there must 

be a volume shridkage of 4) % but oxidized crystals show no 

visible dimensional change. Berman balance determinations on 



fully oxidized fragments indicate a poroRity of at least 34t. 

The openness of the oxide crust is obscured in microecopic 

view by its finely fibrous character. Determination of the 

mech9r1ism of formation of such an open-textured, well-orien

ted, ~rust must be in terms of adjustments in the cation 

.Strre.ngernent. Thi~ h&~ been accomplished by Dr. Karc11s Borom 

a :'1. a n i s re s u l t s are be i n ~ ;>re s en t e d el sew here • 



PRrNCIPL~ OF SCIENTIFIC NOMENCLATURE OF llINERAIS 

A. s. Povarennykh 

/Kiev, u.s.s.R./ 

Present nomenclature of miner als i~ inconsistent and 

re.fleets the tradition of naming after persons or locations. 

Rational names which reflect chemical composi t i on or internal 

s.tructure are seldom proposed. Similar proper namee are oro• 

poserl for mineral variecies and mineral species~ The names 

of polymorphic for111s have no common base and are inconveni

ent to remember and associate. The following principles ot 

scientific nomenclature of minerals are proposed for discus

sion: 

/1/ The name of a mineral species should be construc

ted on a chemical and struetural basis and should 

always reflect both the electropositive elemen~s 

and the electronegative elementa or radicals that 

characterize the species. 

/ 2/ ~e name should begin with the syabola or the 

electropositive elements, following each other in 

succesa·ion, and ending with a suffix characteriaing 

the electronegative elements or radicals, £or ins

tance, -oxide indicates and oxide. -sulite a sul

fide, -eilite, a silicate, -phita. a phosphate. 

etc .. 

131· The names of polymorpha ahould differ from one ano

ther only by pre:fixee, expres~ing the erystal sya

t em, which are placed before the name of the main 

• 



species: for instance, quartz and hexaquarts; 

atacamite and clinoatacamite: eristobalite and 

cubocristobalite, etc. 

/4/ The names of chemical varietie• are oonstructed 

from the name of the mineral species by addition 

of a prefix, separated by a h~phen, to show admix

ture of a chemical element; for example, Fe-epha

leri te, er-corundum, ~u•2-seheelite, etc. Struc

tural varieties are indicated by an upper-case 

letter following the species n•me and separated 

by a hyphen, to show the crystal system, as, ~or 

example, wurtzite-2H, wurtzite-)P~ biotita-6T, 

muscovite-2K1 , etc. 



CRYSTAL STRUCTURE OF PROSOPITE, CaA12 (F,OH) 8 

A. Preisinger 

/Wien, Austria/ 

Prosopite from Colorado, USA is monoclinic with 
• 

a= 6.69 R, b = 11.11 R, c = 1.32 R, (3 = 94.5°, 4 CaAL~(F,OH)8 • 

space group C 2/c. The structure was determined by Patterson 

and Fourier synthesis using three-dimensional diffraction 

intensities on Weissenberg photographs with filtered Cu-K 

radiation and was refined by least s~uares. It is a new type 

of structure composed of chains of edge-linked /AlF2 (0H) 2 / 

octahedra. Al is coordinated by 2 F and 4 OH groups, Ca oy 

6 F and 2 OH groups • 



NEW lEM\FlKS TO THE KNOVILEDGE OP OPl'IC-.\XES FIGURES 

R. Rath 

The equstiona of the isogyres r:ind tt1e isoct1romates of 

biaxial crystals 9re of the most common form and the 6th or 

the 4th degree /RATH, Neues Jahrbuch ~Or Miner&logie, Abh. 

and Mh., 1968/. Starting from t~ae equations 

1./ - as to the isogyres - a from of the equation is derived 

using parameters, which is mor·e conyenient for t1se 

2./ - us to the isochromates - the points of disappeerence 

of these curves and intensity profiles through the optical 

axis are ~hown. 



VARVELIKE BANDING OF POSSIBLY ANNUAL ORIGIN IN CELESTITE. 

CRYSTAI.S FROM ~y CENTER, OHIO, .~ND SIMILAR OCCURRENCES 

E.. Roedder 

/Wasr!ington, U .. s. A. I 

Some celsstites from vugs in Paleozoic dolomites at three 

localities show a rhythmic, paired banding that may be to or 
annual origin. This is visibl e as perfectly straight, p~rallel, 

alternately darker and lighter appearing bands, raainly paral

lel ( ZlO}, in polished plates or even through clear crystal 

faces at moderate magnificati on with wellcollimated trans-

mitted light. Although the thicknesses of the individual bsnda 

and of band pairs vary widely within a given cryst.al, these 

thicknesses are very uniform for sequences of hundreds o~ paire. 

Individual pairs range from 3-70)lm total width, and may be tra

ced laterally without thickness change for c.5 cm; some con

tinue over former ~rystal terminations. They are •isible owing 

to minute differences in index of ref erac tion between the cons-

tituent parts /proven by examinations under N-0marski inter

ference contrast/ . These differences arise from a variable 

amout of substitution of bari ,1m for str·onti tim / proven by elect

ron microprobe/. Banding i s a l so outlined by rows of secondary 

fluid ir1clusions in healed fractures, one in each pair; this 

indicates Yari ation in solubil i ty of the constituent parts. 

Almost no banding was found in the associated vug minerals~ 

but more sensitive tests may be required to detect it. 



It is proposed that the warm brine from which these 

celestites grew was diluted with surface meteoric water that 

varied in composition or amount over a yearly cycle, causing 

the compositional banding. If the band pairs are truly annual 

that is, they are "verves", they yi~ld valuable rate data on 

diagenetic processes and the ~drologic regimen, and ahould 

be searched for in other samples. 



BCND LENGTH - BOND STRENGTH CORrtELATIONS IN SILICATES 

R. G. J. Strena 

/Newcastle upon Tyne, lJ .IC. I 

Snmi-empiric~l relationships have been derived between 

the length and strength /measured in electrons/ of Si-O, Al-0, 

Ti-0, Fe3+-o and Fe2•-o bonds in oxi.de and silicate minerals. 

Application of the resulting bond length - bond strength curves 

enables a detailed picture to be obtained of the balance of 

forces acting on each atom in structures such as those of anda-

lusite, sillimanite, jadeite and orthoferrosilite, in which 

Peuling s electrostatic charge balance fails. 

Differences /~I between the lengths o!"' ttrom silicon. to 

bridging /Ob/ and non-bridging /On/ oxygens is complex silicate 

anions have been used as evidence in support of a theory of 

tr-bonding in silicates, but all structures so fsr examined 

have weak bonds to bridging oxygens ~rom anions other than si

licon, which necessarily lengthns the Si-Ob bonds relative to 

the Si-On bonds. Examples are the Na-Ob and Fe-Ob bonds in 

sodium metaailicate and orthoferrosilite respectively, for 

which the bond length - bond strength curves predict: 

Na-~ O. l 5e Sj.-Qb O. 85e Si--On l .15e fl O. 09i 

Fe-Ob O.lOe Si-Cb 0.90e Si-Cn l.lOe f::l 0.06~ 

compared with observed f:j. values of 0.080 and o.054i respectively. 

402 



The curves Hlso provide P-Vidence increasing covalency 

wi th decreasing bond lengtl1, and suggest an explanation for 

tl1 e reduction in meHn Si-0 distances on passing from ortho

:ii licates to framework silicates • 

• 



E·rUDE ~UANTITA:rIVE DE JA TRANSFORMATION THERMI~UE DE Ul BLE 

~. Traveria-Cros et J.M. Amigo 

/Barcelona, Espagne/ 

On a fait l'etude de la transformation thermique de plu• 

sieurs echantillons de blende recueillis en dia.tincts gi tea 

espagnols /Osor, Cierco •••• •II ' L'etude thermique 8 ete f'ait• 

' ' .. ' a l'abri de l'oxygene /dans une atmosphere d'azote/, a tem-

' perature constante et a temps divers, dans un four electriqut 

horizontal avec un dispositif pour le double control de la 

temperature /four et echantillon/. La meme etude on 8 fait en 

identiques conditions en changeant lea temperatures de 700 

a ll00°c. 

Les pourcentages de la transformation ont ete determin41 

par la diffraction des rayons X, en etablissant un rapport 

entre le pourcentage du fer dans la blende et la temperature 

de transformation. 



T r e n s 1 a t i o n 

QUDJTITAT!f.i S'?ODY OF THERllIC TRAJlSFORM.ATIOlf OJ' SPHAIERITE 

A. Tra•eria-Croe and J.K. Amigo 

/Barcelona, Spain/ 

Several smaples of sphalerite collected at cif~erent 

Spanish deposi t .8 /Osor. Cierco/ were subjected to a theraic 

transformation examination. It was c~ied out in the absence 

~ oxygen /in a nitrogen ataoaphere/1 ~t eonstsnt temperature 

end ~or dift'erent period• in a horizontal electrie oven 

proYided with a de•ice for tuplieate te1apc1eture control /oYen 

end saaple/. The ss•e study wes done v.nder identical conditions 

for temperature changes between 700 and 1100°C. 

!ftle course of the t-ran~ormation was morsitored by X-ray 

dif:lt·action, the relationship between the iron content in 

sphaleri te and the teaperature of ttie the1·1•ic change having 

been determined. 

Translated by A. Kotyk 



SYNTHETIC EXPERIMENTS OF 

GERMANArE ALBITE :'\ND ANORTHITE UNDER PRESSURES 

s. Ueda, ~. Koizumi and s. Kume 

• /Osaka, Jai:an/ 

. ~ material with chemical composi.. ti on same as germanate 

albite /NaA1Ge3o8; was submitted to a condition of tempera

ture and pressure up to 1COC0 c and 25 kb. Microscopic obser= 

vations showed that the high pressure product was an eggre

gati on of needle-like crystals. Its X-ray differection pat

tern was identical with that of crypt.omelane and this result 

is in agreement whit those already reported by Ringwood el 

al. and also by us. The lattice parameters were obtained to 

be a _ 9.64~ and c =- 2.86i, hence the desity was calculated 
0 0 

to be 4.9s g/ca3. Since the density of the product under pres-

sure is higher then that of germ~ngte albite /3.94 g/ca3;, 

this phase can be called the dense form of germanate albite. 

It was also confirmed that the den~e form reverted to germa

n:1te al bite on hedting at 900°c in air. 

In the case of germanate anorthite /CaA12ae2o8;, no 

dense form was observed but a high pressure product was pro

ved to be a mixture of germanate grossulari te 1
1Ca3Al2Ge 3o12/ 

and germanium dioxide /Geo2; of tetragonal symmetry. 



M.EIA NUPHWGITh FROM CHVA LETICE /£ BOHEMIA/ 

L. Zak 

/Praha, Czechoslovakia/ 

Melanophlogite cubes up to J mm in size sit on a thin 

lussatite layer in a druse cavity o~ a pyrite-rhodochrosite 

vein in metamorphosed Mn-carbonate horizon in the Algonkian 

grarhitic pyrite shales. Lussatit• consists of a microscopi

cally fibrous low-cristobalite with a high degree of disorder 

/by X-rays/. 

The mineral is optical~ istropic, a thin outer zone of 

the cubes is weakly birefringent. The physical constants are: 
1' ./· ,, 

~ .... ,. 

: l.}(9 t 21 d21 = 2.005 ! 0.005, a0 = 26.79 ! 0.02 R. 

·~ual. spectrographic analysis gave Si in essential, Al, Cu, 

Mg, Mn, Ag, Fa, and P? in insignificant to trace amoWlts. 

Infrared absorption curves /400-4.000 cm-1, powder/ demonstra

ted b. o. the presence of some nonaromatic hydrocarbons or 

}\ydrocarbon derivatives. ~ heating for 3 hours at aoo 0c in 

the air melanophlogite became smoky transparent, by heating 

for 6 or 12 hours at l.Ooo0 c it grew black. No opaque carbon 

i nclusions could be observed even at highest microscopic 

magnifications. The presence of S has not been proved either 

by qual. chemical or by electron microprobe tests. The Si02 
content, determined semiquantitatively by the electron micro

probe, was about 95 ~. 

Th• doubling of a 0 of the mineral with regard to the 

Sicilian material /B.J. Skinner ~nd D.E. Appleman, 1963/ was 

"'' 



established b-J both powder /Guinier/ and rotation methods. 

According to further X-ray and thermal investigations /not 

yet finished/ a supers~ructure seems to be a probable 

explaAation of the mentioned doubling. 
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QUANTITATIVE SITE POPUIATIONS IN SILICATE MINERAIS BY .. 
MOSSBAUER SPECTROSCOPY ~N.D A POSSIBlE GEOTHERllOMETER 

G. M. 'Bancroft 

/Cambridge, U. K./ 

A method is described for the quantitative estimation 

of the amount or iron in structurally different cation posit

ions using the comp~ter-calculated area under MOasbauer peaks. 

For a mineral containing two different types of iron atoms, 

the area ratio A2/A 1 = CN2/N1 , where N2 and N1 are the number 

of iron atoms per formula unit and C is a constant. For a 36~ 
2+ Fe cummingtonite, the calculated site populations are in 

gooa agreement with those calculated by X-ray crystallography 

for a c11mmingtoni te of similar origin and iron content. For 
2+ J+ NFeJ+ 

silicates containing Fe and Fe , the ratio s--~+ is in 
Fe 

good agreement with those calculated from chemical analysis. 

In orthopyroxenes, Fe2+ preferentially enters the more 

distorted K2 position. MCssbauer measurements on metamorphic 

and volcanic pyroxenes containing about JO ~ Fe2+ sl1ow that 

the extent of ordering decreases with an increase in the 

temperature of formation. Using classical thermodynamics, it 

is shown that the extent of orderifl8 can be used as a possible 

geothermometer. The advantages and limitations of the metod 

are discussed critically. 



JJISTRIBUTIONS OF IRON CATIONS IN ALKALI AMPHIBOIES BY 

" 110.SSBAUER AND INFRARED SPECTROSCOPY 

G. M. Bancroft, R. G. Burns and F. J. Prentice 

/Cambridge and Oxford, U. K. and ~ellington, New Zealand/ 

2+ 3 Measuren1ents of the MOssbauer spectra of r'e and Fe + 

tons in amphiboles and the fundamental hydroxyl stretching 

frequency in the infrared have enabled the distributions o~ 

ferrous and ferric ions to be determined in the M(l), M(2) 

and M(J) positions of the crystal structures of alkali amphi

bo le .minerals. 

In crocidolites FeJ+ ions predominate M(2) positions, 

and Fe2+ ions are concentrated im M(l) and M(J) positions with 

preference for M(l) positions. However, a small amount of 
·+ Fe-l ions also occupies the M(l) and M(J) positions with 

preference for M(l) positions. The cations in pegmatitic 

magnesioriebeckites and riebeckites ere more randomly distri

buted than in crocidolites that formed at lower temperatures, 

showing that site populations are strongly influenced by 

t.emperature. 

In glaucophanes Fe3 + ions again predominate M(2) posit

ions and Fe2
+ ions are concentrated in M(l) , and M(3) positions. 

However, there is a slight preference of Fe2
+ ions for M(J) 

positions. Thus, in the glaucophane-croasite-riebeckite series 

there is a change in site preference of the 

»(3) to M(l} positions with decreasing AlJ+ 

2 -t-F e ion from 

ion content. 



Estimations of site populations in silicate structures 

bi the M~ssbauer and infrared techniques are more rapid, di

re~t and accurate than conventional x-ray methods. It is al

so possible to distinguish between Fe2+ &nd FeJ+ ions in a 

crystal structure by the spectroscopic techniques and to 

estimate Fe2+/Fe3+ ratios by MCssbauer spectro.scopy. By meena 

of 1nf'rared spectroscopy it is possible to identify composit

ions of individual 11ni t cells 'in hydroxy-amphiboles and to 

obtain a semi-quantitative estimate of component unit cells 

in a crystal structure. 



A T:IEORETICAL APPROACH TO PRESSURE, ENERGY, AND T'HE 

CRYSTAL FIELD 

P. K. Bell 

/Washington, U.S.A./ 

The crystal field represents the fundamental energy ba

lance in minerals, and while the ef~ect on crvstal chemistry 

is strong with the transition elements /of particular signi

ficance are Fe, Ti/, it is in general important in nearly all 

geologic processes. The field is changed in intensity with 

pressure as the interaction of individual electronic fields 

increases. A known pre~sure effect can be used to calculate 

the associated energy change. 

Pressure -induced polymorphism involves changes in field 

symmetry and densi\y resulting in a change in the energy balan

ee. During this process electrons raised to higher energy 

levels in a stepwise way are ~inally ejected, thereby raising 

the density. It is therefore theoretically possible to relate 

pressure with electronic phenomena such ae ionization potent

ials. By the method of Savic and Kasanin, the pressure effect 

on transitional energy can be calculated for monatomic 

crystals~ For more c.omplicattfd compositions the signi:ticant 

crystal field changes are considered. Comparisons of pressure 

and measured crystal field energies form a cross-check. Cr~ 

dely, one can calculate the energetics of geochemieal processes. 



SITE PREFERENCES OF TRANSITION JlfETAL JONS IN SILICATE 

CRYSTAL STRUCTURES 

R. G. Burns 

/Ouord, U.K./ 

The structures of mal\Y silicate minerals contain one 

or more crystallographic positions which may be occupied by 

transition metal ions. The coordination sites differ in the 

number, symmetry and type of oxygen atoms, metal - oxygen 

distances, and extent of distortion from regular octahedral 

or tetrahedral symmetry. These factors affect the crystal 

field within each coordination site, and influence the distri

butions of transition m~tal ions within a particular structu

re and between two or more coexisting phases. 

Site preferences of individual transition metal ipns 

may be predicted from (a) the mean metal-oxygen distances; 

(b) effective charges on the oxygen ligands; (c) nature and 

extent of distortion of the coordination site; (d) effects 

of neighbouring cations; and (e) sizes of the cations. The 

predicted enrichments are correlated with available data on 

cation ordering in silicate structures and ion enrichments 

in coexisting phases. 

/Submitted to the Sixth General Meeting of the International 

Mineralogical Association, Prague, September 1968/ 



SOllE ASPP£TS OF MINERAL CATIIODOLUMINESCENCE 

R. Coy-Ill 

/Quebec, Canada/ 

The scanning sys~ems of an electron microprobe ~re 

being used for the study of local cathodoluminescence in 

minerals. This study has been initiated in crder to gain a 

better understanding of the solid state physics of natural 

crystals. The electronic states involved in microcathodolu

minescence of minerals can sometimes be interpreted in ter•s 

o~ crystal field theory or in other cases in terms of the 

band structure theory. However, cathodoluminescent emission 

must generally be interpreted using more complex models than 

that uaed in u.v. excited luminescence. 

The cathodoluminescent yield depends on acceleration 

voltage and current intensity of the incident electron beam, 

nature of the specimen, kind of activators and interaction 

between activ Jtors and excited atoms of the host lattice. 

The measured intensity of micro-cathodoluminescence depends 

strongly on specimen surface topography and on the light 

optics of the system employed. The interpreting of micro

-cathodolumineacenc~ is seriously hindered if information 

on the chemical impurities and structural features of the 

mineral under study are unknown. 

Cathodoluminescent spectra obtained between 400 nm and 

700 nm of quartz , orthoclase, calcite, apatite and benitoite 

minerals show maxima of intensit~ at 560 na, 480 nm, 580na, 



565 on, and 470 na respectively. The behaviour of growth and 

decay curves of cathodoluminescence obtained for these minerals 

has been studied. Saturation of cathodoluminescent intensity 

and its variations with incident current intensity and high 

voltage have been measured. Correlation between cathodolumi

niscent data and structural features Qf the minerals is at

tempted. The experimental set up used in this study is discus-

sed. 



DISTRIBUTION OF Mn2
+ IN TRACE AMOUNTS IN DIOPSIDES AND 

DOLOMITES BY ELECTRON SPIN RESONANCE 

s. Ghose and P. Schindler 

/Chicago and Argonne, U.S.A./ 

The electron spin resonance of mangenes~ in diopsides 

and dolomites show that Kn2 + occurs in two .. different sites 

in both structures. The parameters for the sites are {in 

Gauss): 

~~opside 

A 

Ca - site 84 

Ilg - site 91 

D 

453 l.) 

375 ~0.2 

Dolomite 

A D a 

94 .6 + 0.2 ""' 20 -
92.97 + - 151.87+ 10.26 -

+ 2 .o -
A denotes the Fermi contact hyperfine interaction, D 

the crystal field interaction, Q the quadrupole interaction 

and 'e1 the cubic field interaction. 
2+ In diopside Mn · associated with the larger D end Q and 

smell A is assigned to the Ce(M2 )-eite, which is considerably 

more dietca:-ted than Mg~ (M1). The assignment of Mn2+ in dolo

mite is based on D end A parameters in calcite end magnesite, 

which ere 27.69 G, 94.94 G and 85.45, 92.20 G respectively. 
2+ The Mn parameters in diopside acree very well with those 

determined by Vinokurov, Zaripov and Stepenov (1964), though 

our site assigmD.ent is re•erae of theirs. 



Three types of Kn2
+ distributions have been found in -

natural diopsides: 

(1) Most Mn2 + in Ca-sise, (2) most Mn2+ in Mg-site, (3) all 

11.n2 + in Mg-site. A Californian diopside showing the first 

type of distribution changes to the second type after heating 

et l000°c, while a diops1de from New York showing the second 

type of distribution does not change after heating at 1010°c. 

The second type of distribution appears to be stable at high 

temperature. 

Dolomites show two types of Mn2
+ distribution: (l) most 

Mn2
+ in Mg-site, (2) all Mn2

+ in Mg-site. Dolomite from Gabbs, 

Nevada shows the first type of distribution, while clear dolo

mite crystals from Binntal, Switzerland show the second type, 

though they contain approximately equal amounts of Mn (.08 

Kn/100 cations). 



SELF-CONSISTENT IONIC FIELD GRADIENTS AT THE Al SITES IN 

KYANITE AND ANDt\WSlTE 

s. s. Hafner and M. Raymond 

/Chicago, U.S.A./ 

• 

The nuclear guadrupole coupling tensors of Al27 in the two 

phases kyanite and andalusite of Al2s10
5 

were anelyzed by 

the ionic model to investigate possible residuals in the 

tensors due to a non-ionic participation in the predominant

ly ionic bonds of crystal structures. The tensors had been 

determined recently by the nuclear quadrupole resonance 

technique1 •2 • They provide 26 independent second derivatives 

v1 j of the crystal potentials at the 6 non-equivalent Al 

sites. 
• 

The second derivates of the ionic potentials at the Al si tea 

were computed self-consistently taking the ionic dipole and 

quadrupole moments of oxygen into account). The dipole and 

quadrupole moments ·of the cations were neglected. The 20 

derivatives of kyanite were fitted to the experimental values 

by treating the polarizibilitieself} (dipole), and cl~ (quadru

pole) of 02- as variables. 'l'l1e "reliability factor" R = 

c[2:_ (Vijobe - Vijcalc)2/ [ (Vijoba>2] 1/2 for the best fit 

is R = 26 %1 and the most probable polarizibili ties are .l D = 

= l.:iR3' e(Q = o.:iR5. An equivalent analysis 'NBS performed 

for the 6 derivatives of andaluaite yielding similar results. 

It should be noted that the point charge model is much too 

coarse to provide an acceptable fit of the coupling tensors 



(Rpointcharge = 78 S). The approximation is strikingly 

improved if the contribution of the self-consistent ionic 

dipole and quadrupole moments of o~gen are added. 

About 67 percent of the coupling tensors at the Al sites 

can be accounted for by the ionic potential distribution. 

The residual consists of the following contributions: 

1. Dipole and quadrupole moments of the cations. 

2. Inaccurate coordinates of the atomic center 

positions. 

J. Oxygen octupole moments. 

4. Non-ionic participation. 

It can be shown that contribution l is small. Contribution 

2, however, may be considerable. While the crystal structures 

of kyanite and andalusite are currently regarded as well known 

we find that the atomic coordinates are still not precisely 

enough det•rmined to permit an accurate analysis of point 4. 

Nevertheless, estimates appear to be feasible. 

1211 



THE PARTITIONING OF MANGANESE, COBALT AND NICKEL BETWEEN 

OLIVINE CRYSTALS AND THE GROUNDMASS OF SELECTED BASIC 

IGNEOUS ROCKS 

P. Henderson and I. M. Dale 

/Glasgow, U.K./ 

Unzo11ed olivine crystals and co-existent groundmass 

from certain basic igneous r0cks have been enal3sed for man

ganese, cobalt and nickel by activation analysis. The deter

mination of manganese and cobalt was carried out by a man

-destructive method. Hence it has been possible to analyse 

the same samples for the three elements. 

The groundmass is considered to be compositionally 

reoresentative of the magma which produced the olivine 

crystals. From the data the three partition coefficients 

l¥i1 
K -rw---

"!hagma 
/where X - Kn, Co, or Ni/ 

have been calculated for each assemblage. These partition 

coefficients are interpreted in the light o~ crystal field 

theory: for example, the relationship shown between ln K 

and octahedral site preference energy of each element is 

discussed and compared to that expected if crystal field 

effects were dominant in determining the partition coef-

ficients of these elements. 



PARTITI01' OF DIVALENT TRANSITION ME'rALS· Bti'WEEN 

COEXISTING FERROJIAGWFSIAN ICINERALS 

Y. MPtsui and s. Banno 

/Tottori-Ken and Tokyo, Japan/ 

Partition of divalent cations of moderate si~e /e.g., 

Ni, Co, Fe, Zn and Mn/ between coexisting ferromagne.sian 

minerals can be expressed by the apparent exehan£e equili-

brit1m constant. ae follows: 

IC' A.B ._ /11/)(g/ //II/Ilg/ 
M.)(g A E 

where A and B denote phases, and M and Ilg represent concent

ration of divalent ion and of JI&~~, respectively. 

Estimation of ionic radii is itself a complicate~ problem. 

From purely empirical point of vie•, however, ionic radii ot 

sixfold coordination can most plausibly be derived froa the 

unit cell constants of oxides of llaCl structure. If we plot 

logarithm. of K•A.B against 11-0 distance of oxide, nearly li-
11. Jig 

near pattern can be observed. includin,g Ilg, in the mineral 

pairs such as Qrthopyroxene-elinopyroxene, chlorite-chloritoid. 

garnet-orthopyroxene and garnet-chlorite. 

As is shown by Jiush and Pryce /1957/, the J(-0 distances 

of transition met.al oxides contract as a r~sult of cr~stal 

field effect. Thus we may conclude that crystal .field effect 

plays an important role in the partition equilibria through 

the contraction of effective ionic radii. 

~22 



A remarkable exception is the pair olivine-ortho-
. 

pyroxene, where fractionation of Ni, Co and Fe cannot be 

explained by the effective size of ions only. Probably 

symmetry of cati~n sites in olivine is far more favourable 

than that in pyroxene for these ions. 



THE APPLICATION OF LIGAND-FIELD CONCEPrS TO AN UNDER

STANDING OF THE STRUCTURAL STABILITIES AND SOLID

SOLUTION LIMITS IN SULPHIDES AND REL.\TED MINERALS 

E. R. Nickel 

/Ottaw~, Canada/ 

Ligand-field theory has proven to be useful in explain

ing the structural stabilities and solid-solution limits of 

the higher sulphides, arsenides, tellurides and selenides of 

the transition metals. The metals in these compounds ere ge

nerally in the low-spin state, and therefore the crystal 

structure adopted by any one of these minerals is that which 

permits maximum spin pairing of the non-bonding electrons in 

the t 2g cation orbitals. Tbe cations with sixor more non-bonding 

electrons form structures in which complete spin-pairing is 

achieved without appreciable interaction between cations, ae 

in the structures typified pyrite, marcasite and skutterudite. 

The cations with fewer than six non-bonding electrons achieve 

spin pairing by adopting structures in which there is metal

-metal interaction, as in the arsenooyrite- and lOllingite-

type structures. The limits of the solid-solution fields in 

the ternary systems FeS2 -cos2 -Nis2 , FeAs2 -CoAs2 -NiAs 2 , 

FeAaS-CoAsS-NiAsS, and FeAs
3 

-CoAa
3 

-NiAs3 are governed by 

similar considerations. 



" MOSSBAUER SPECTRA OF PE~OVSKITES OF 

S. Shin, F. Kanumaru, M. Koizumi and 

s. Kume 

/Osaka, Japan/ 

Sa~ples with t~e chemical compositions of /Caxsr1_x/ 

Feo3_ 6 were prepared and then treated at lJO atm of oxygen 

and 300°c. 

These ferrates are class ified into two types of crystal 

structure, cubic perovskite /AB0
3
/ and orthorhombic brown

milleri te /A262o5;, if we denote A and Bas an alkaline

earth metal and iron ions, respectively. Specimens before 

oxidation fell in the category of AB0
3 

in the region with x 

being 0 and 0.2, and of A2B2o
5 

from x-0.4 to 1.0. In the com

position ranges with x between 0.4 and 0.6, increasing con

centration of tetravalent iron ions led to an eventual change 

in crystal structure from orthorhombic brownmillerite to 

cubic perovskite phase, with intense oxidation under high 

oxygen pressure. 

The MOssbauer spectra of these ferrates were measured 

at room temperature. As for strontium ferrute, no measurable 

quadrupole splitting wes observed for a material after oxi

d9tion, wl1ile the visible splitting due to tetragonal distor

tion appeared in the specimen before oxidation which seems 

to have a signif i cant number of ox~gen vacancies. 



Another characteristic of the spectrum of strontium 

ferrate is that this compound has an isomer shift. The 

amount of the shift is greater than that predicted for a 

purely ionic behavior due to Jd4 configuration. 

In addition to the above results, the features of the 

spectra for the ferrates of the system ca2Fe2o5-SrFe03 are 

presented to be discussed in relation to crystal field 

theory. 



CALCUIATION OF Tfil. CRYSTAL FIELD SPLITTINGS OF THE 

D-ORBITAIS OF TRANSITION METAL IONS DISTORT~D CO

ORDINATION POLYHEDRA 

R. G. J. Strens 

/Newcastle upon Tyne, U.K./ 

Computer programs which are now being developed enable 

the crystal field splittinga of the d-orbital energy levels 

to be calculated for cations occupying coordination polyhedra 

which have been subjected to arbitrary (centric or acentric) 

pseudo-orthogonal distortions. 

The method has been used to calculate the energies of 

the spin-allowed transitions in dn systems {n ~ O, 5, 10). 

~xcellent agreement has been found observed and calculated 

transition energies for im3+ (d4) and Fe2
+ (d6 ) in a wide 

range of distorted octahedra in minerals auch as viridine 

and piemonti te (Mn)+), and olivine, c11mmingtoni te, cordieri-
2+ te, tourmaline and glaucophane (Fe ). For all but the most 

etrongl_y distorted octahedra is it found that: 

8j < 4J < 
where ~ is the t 2g - e

8 
separation in a regular octahedron, 

and j, J are the t 2g and eg splittings respectively. 

The calculations are now being extended to other ions 

and coordination n,1mbera. The spli ttinge produced by non

-orthogonal distortions are leas easily found, but it should 

be possible to obtain approximate solutions. 



PRE.5SURE-INDUCED SPIN-PAIRING IN IRON /II/ MINERALS 

R. G. J. Strena 

/Newcastle upon Tyne, U.K./ 

The rapid increase in crystal-field splitting with 

decreasing metal-ligand distance implies that high pressures 

will tend to cause spin~pairing in compounds containing high

-spin transition metal ions, and Fyfe has argued /from. the 

reduction in ionic radius on pairing/ that polymorphic transit-
• 

ions of possible geophysical importance should oecur in oxide 

and silicate minerals of iron /II/ at pressures corresponding 

to depths within the mantle. 

For any given metal-oxygen distance,. the nature and mag

nitude of the crystal-field splittings is determined by the 

geometry of the coordination polyhedron about the metal 

and the splittings decrease in the order square-planar 

• ion, 

> 

>octahedral > cubic Plght:fold > tetrahedral. Pressure-induced 

spin-pairing has so tar been observed only in gillespite /square

planar/ under a static pressure of about 50 kb, and in fa7alite 

/octaheral/ at O< P< 577 kb in dynamic experiments. Calculat

ions indicate that spin-pairing should ocaur in cloee-paeked 

oxides a.nd silicates at about 350 kb at room temperature, and 

at about 600 kb, equivalent to a depth of 1400 km, on the 

geotherm. It is unlikely that any oxide compound will contain 

low-spin iron at latm., and tt.! low magnetic susceptibilit7 

of minerals such as deerite and magnetite is attributed to 



ferrimagnetic effects. 

Experiments now in progress are designed to measure the 

changes in volume, entropy, ionic radius~ electrical conduct

ivity and crystal field parameters in d6 systems, and to study 

the effects of the spin-state equilibria which occur when 

the energy difference between the low and high~spin forms of 

a compound is comparable with kT. 

• 
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