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1. INTRODUCAO

0 presente relatorioc e uma descricao sumaria de todas as ativida
des desenvolvidas durante o meu Estégiu de treinameritg junto aos 1aburaté
-rios do "United States Geological Suryey", atraves do Dnnvéniq MME /USAID.

0 periodo de J1/03 a 23/05, que corresponde a minha permanencia
hﬂué%terior,pnde ser dividido da seguinte forma:

— salda do Rio de Janeiro em 28/02;

— chegada a New York, N.Y. em 01/03, partindo para WashingtonD.C

em 02/03;
).t IR - " | - chégada a Washington D.C. em 02/03;
, . | - 0 per{DdG de 03/03 a 09/03, foi destinado as apresentagoes ao
Washington International Center,USAID, Washington D.C.;
- entre 10/03 e 12/04 permaneci em treinamento junto acs labnraté
rios do USGS em Reston,Virginia;
- em 13/04 viajei de Washington D.C. com destino a Denver,Colora-
dng .
- pa periodo de 14/04 e 16/05, estive em treinamento nos labnraté
rios do USGS em Denver, Colorado;
- Enére 17/05 e 23/05, estive em preparativos para a viagem de re

_ gresso ao Brasil, chegando ao Rio de Janeiro em 24/085.
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>. DBJETIVOS DO ESTAGIO

A CPHM+e mais precisamente, o LAMIN, preocupado em manter-se atu
alizado em relagao a determinados metodos utilizados para realizagau de
analises petrograficas e calcograficas, que sao em grande escala requisita

. das, nao so pelos projetos executados pela CPRM, mas tambem pelas companhl
as particulares, achou por bem enviar-me aos -Estados Unidos da America,

com a finalidade de fazer um treinamento nestes campos.
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3. TRABALHOS REALIZADOS NO ESTAGIO

0 programa desenvolvido pode ser dividido em etapas que corres

pondem a atividades distintas, assim distribuildas:

3.1 — Apresentacao a USAID

Como ja foi mencionado anteriormente o periodo de 03/03 a 09/03
foi destinado as apresentagaes de praxe ao Washington International Cen -
ter e USAID, em Washington D.C., onde foram ultimadas as providencias ne—

cessarias para a realizacao do programa previsto junto ao "United Gtates

Geological Survey".

3,2 - Estagio nos Laboratorios do USGS em Reston,Virainia

e T e e

3.2.1 — Estudo de Minerais Opacos

Durante quatro semanas, tive uma intruduggn a0 estudo de mine
rais opacos para obter os conhecimentos bésicus, uma vez gue o0 aprendiza=
do no verdadeiro sentido da palavra nesta matéria, S0 paderé ser adquiri=-
do apos a observagao de um maior numero de secoes padroes, afim de se
obter uma caracteriza@ﬁn mals completa das propriedades Oticas dos mine -

e L & - el ’ L
rais e, consequentemente suas identificagoes. Convem lembrar, que a micros

copia dos minerios no seu sentido mais completo, entretanto, depende como
se sabe de uma continua vivencia em problemas relativos aos minerais de
minerios e respectivos jazimentos. Na primeira etapa, fiz consulta biblio
grafica especifica afim de que pudesse, apos ter aprendido os fundamen —
tos da parte teorica da tecnica de microscopia de minérins, passar ab es—
tudo, propriamente dito, das segoes polidas ao exame microscopio em  luz
refletida.

A seguir, tomei conhecimento quanto ao preparco das segEES e pas
sel a dar polimento nagquelas que iriam ser por mim observadas, pois devi-—

do a pertencerem a urma colegao padrao, nao de uso frequente, criam con=-
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sequentemente, uma camada de DxidagEn, que deve ser retirada. Esfe tipo
de servigo e sempre executado pelo tecnico que necessita utilizar a se-
950 com a finalidade de estudos comparativos. Apﬁs as segaes devidamente
polidas, passei 4 nhseruagEm microscopica para o aprgndizadn da determi-
nagEa das propriedades Oticas dé cada tipo de minerio, uma vez que, SO
com a continua DhSErUHQEO das mesmas e .um estudo constante, podemas com
maior facilidade caracteriza-las.
ApOs as nogoes de identificacao dos minerais, passei ac estudo
do arranjo textural dos mesmos,quando da ohservagao de secoes muito bem
. definidas e que exibiam arranjos texturais diferentes e bem caracteriza—

dos.

Convem ressaltar que este tipo de analise € apoiado paralela -
mente, sempre que necessario, pelos exames de raios—X correspondentes.kts
te ponto foi enfatizado pelos tecnicos orientadores que sempre se utili-
zam dos raios—=X ou da microsonda-analisadora, quando estao estudando os

minerals opacos.

~ s o . . ol -
Durante este periodo contei com o valioso apoio tecnico dos

Drs. Robin Brett e Paul Barton.

3.,2.2 = Estudo de Inclusoes Fluidais nos Minerais

Minha ultima semana em Reston,Va., foi ocupada estudando no-—
coes basicas, de Inclusoes Fluidais nos Minerais.

Apos ligeira consulta bibliografica para se ter conhecimento
da téenica empregada, tive a oportunidade de observa-la em microscopio de
luz transmitida; Utilizel platina de aquecimentu, com a finalidade de de
terminar a temperatura em que a inclusao foi englobada pelo mineral. Fiz
tambem congelamento com Nitrngéniu 3 —195°C, podendo determinar o ligquido
dentro da inclusau, se era somente égua ou esta contendo alguma outra su-—
bstancia.Essa e uma tecnica interessante para se determinar principalmen-

te as temperaturas de formagac dos depositos minerais,facilitando tirar
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maiores conclusoes. Evidentemente 55 é utilizada num trabalho de grande
detalhe, afim de se obter resultados mais apurados. Neste tipo de traba

lho tive o apoio tecnico do Dr. Harvey Belkin,

Sy e Estégiu nos Laboratorios do USBS em Denuerlﬁnlmradﬂ

3.3.1 = "Spindle Stage"

Nesta primeira parte do estégiu aprendi a medir o indice de
refracao dos 1iquidos com os refratometros de Abbe e Jelly., Como e sabido,
. isto deve ser feito periodicamente, pois estes Indices sao sensiveis a
mundancas. Fazendo-se a correcao em periodos determinados tem-se o {ndi-
ce de refragac o mais aproximado possivel, evitando erros de determina -
cao.

A seguir aprendi a manipular a "Spindle Stage", instrumento de
pequeno tamanho e de relativo baixo custo, qﬁe nos permite ldentificar
com preciQED 0s minerais transparentes. A "Spindle Stage" consta basica-
mente de um conjunto de agulhas, onde sab montados os cristais depoisde
escolhidos ao exame de microscopio estereoscopico e colados, em seguida
colocados em uma platina e atraves de sucessivas trocas de Indices pode=

mos determinar os indices de X,Y, e Z. Com estes dados consultamos gréﬁi

» . . g - , ’, . gl »
cos, chegando ate a identificagao do mineral. Esta tecnica nao e moderna,
mas muito empregada pelos tecnicos americanos. Tive tambem oportunidade

L] L] L] > - - L] L] w ; -' L
de identificar varios minerais, utilizando este metodo, podendo assim me

familiarizar com sua manipulaggﬂ.
3.3.2 -= Analise Normativa Eelu Sistema CIPW

- ~ ¢ 2 » : = »
Com a analise qulimica dada em oxidos, aprendi a calcular a ana
lise normativa de uma rocha pelo sistema CIPW, onde cada letra represen—

ta a inicial de um dos quatro autores que o idealizou (Cross, Iddings,
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Pirsson, Washington).

Atraves de varios calculos utilizando regras e formulas pre-
estabelecidas, obtemos este tipo de analise, que e mais utilizado em ro-
chas efusivas, devido a dificuldade apresentada, para a realizaggﬂ das

analises modais e subsequente obtengao da porcentagem de cada um dos com

ponentes, neste tipo de rocha.

JaJed = Analises Petrﬂgréficas

;

. Tive a oportunidade de estudar ao microscopio de luz transmi-
tida, secoes delgadas de tipos variados de rochas, para sua caracteriza—

cao mineralogica, textural e classificagao.

3.3.4 - Petrografia Aplicada aos Agregados de Concreto

Visitei os laboratorios onde sao efetuadas as analises nos a-
gregados de concreto, nao somente atraves do estudo petrngréficn de 58
coes delgadas, como tambem com o apoio paralelo de analises de raios-X e
de espectrografia. Nao tive oportunidade de trabalhar neste laboratorio,

pois nao estavam sendo desenvolvidos trabalhos desse tipo, mas, obtive

bibliografia de grande valia para nos.
Durante este periodo de quatro semanas, tive valioso apoio tég

nico do Dr. Ray Wilcox.
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4 — CONTATOS MANTIDOS

Alem dos contatos mantidos com os orientadcres durante o ﬁerig
do de estégiu,-que considero de grande valia, nao s0 do ponto de vistado
aprimoramento tecnico recebido, mas tambem pelo fato de serem pessoas de
relacionamento nos Estados Unidos capazes de comigo manterem contatos gﬁ
bre a existencia de nnu55 metodos de trabalho bem como bibliografia atua
. lizada, pois foram unanimes em se prontificarem a me auxiliar sempre que
precisasse, tive tambem a oportunidade de vislitar uma das maiores minas
de zinco do mundo, em Franklin, New Jersey, podendo assim conhecer o ti-
po de ocorrencia, sua mineralogia, os trabalhos desenvolvidos de explora
gEﬂ e sua provavel génese.

Assisti palestras e seminarios, no minimo um por semana, onde
os geologos do U.S5.B.5. ou de outros paises, mostram os diferentes traba
lhos por eles realizados ou em andamento, no vasto campo da Geologia.Uma
dessas palestras foi ministrada pelo Gnico astronauta-getlogo, que este—

ve na Lua, e nos exp0s 0s trabalhos executados pela NASA.
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5 — ANALISE CcRITICA

5.1 = Washington Internacional BenterIU.S.G.S.IWashingtDn Buls

Fase introdutoria bastante interessante, pois objetiva esclare
cer o programa e 0S Orgaos a serem visitados, alem de nos propiciar con-—
tatné com pessoas de outras nagaes, nos permitindo assim saber um pouco
mais sObre habitos, costumes, tradigaes, economia etc., de diferentes po

- . - ” . f
vos. Neste primeiro contato tambem foli-nos apresentada uma sintese de co

mo vive o povo americano, dando-nos uma ideia geral do seu comportamento.

5.2 = UsS5.6.5., Reston, Virginia

0 treinamento principal desenvolvido nestes 1abnrat5rins, refe=
riu-se aos estudos de minerais opacos, tendo esse parecido em minha opi-
niao ter um bom rendimento, levando-se em conta o espago de tempo trans—
corrido para o aprendizado basico tanto da parte teorica como da prética
em si., Apesar de nao ser uma materia nova, para mim o foi, pois nao ti -
nha tido ainda oportunidade de desenvolver um estudo, mesmo gue de base,
neste ramo, gque e de grande importancia no campo da Geologia Economica.

~ . - - - - et
Quanto ao estudo de Inclusoes fluidais nos minerais sei quenao

e de utilizagED imediata em virtude do tipo de trabalho executado no mo-
mento, mas e sabido gue e uma tecnica ja bem desenvolvida e que nos pos—
sibilita obter maiores dados sobre a Formagac dos minerais, permitindo -
nos tirar conclusoes mais brecisas, principalmente no estudo de deposi -
tos minerais. Acredito que, num futuro nao muito longinquo, guando reall
zarmos um trabalho mais apurado, tenhamos entao a chance de utilizar es—
ta tecnica aprendida, claro que, com a aparelhagem necessaria.
Assim considero o aprendido nesta fase do programa, de grande

- -ﬁ- -
interesse no ramo da Geologia Economica,
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5.3 = U.5.6.5. Denver, Colorado

Considerei o aprendizado da manipulacao da "Spindle Steg=", im-
portante como metodo auxiliar na identificagau de minerais transparentes.
Em certos casos, guando estes pertecem a uma serie isomorfica, mesmo com
anélise_de difragao de raios-X, torna-se dificil muitas vezes, sua identi
ficagan; entretanto, com este metodo e sem perda de material, podemos iden
tificar os minerais transparentes.

Os resultados obtidos atraves de analises normativas das rochas
. sao importantes, como por exemplo quando se ‘dese,ja definir a gEnese de um
determinado grupo de rochas principalmente guando se tratam de rochas efu
sivas. Desta forma, tanto o aprendizado da manipulagﬁn da "Spindle Stagey
do calculo da analise normativa pelo sistema CIPW e das SEG0Ees petrogra-
ficas estudadas constituem elementos importantes no estudo mineralogico ,
petrﬂgréfica e petrogenetico.

No que se refere a Petrografia Aplicada aos Agregados de Concre
to, apesar de nao ter tido treinamento neste setor, pude ver o caminhamen
to de uma amostra ao entrar no laburﬁyﬁrib para ser submetida as analises
necessarias. Alem disso, obtive alguma bibliografia, que nos sera muito

o o - ’
util, visto que, contavamos somente com poucos exemplares nesse assunto ,

~
em nosso acervo,
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6~ CONCLUSOES

Do ponto de vista dos objetivos a serem atingldos, apesar do pro
grama nao poder ter sido cumpridao na'{ntegra, conforme previamente estabe-
lecido, por motivos alheios a vontade dos organizadores deste, bem como da
bolsista, considerei meu estagio plenamente satisfatﬁrin, para o que muito

- contribuiu a acolhida que tive pelos técnicos do USGS.

Das tecnicas por mim aprendidas, algumas serao de utilidade ime-
diata no trabalho corrente do nosso 1abnrat5rin, outras de emprego quase
que imediato, dependendo ainda de um aprimoramento que s0 pode ser adgquiri
do com maior pratica, e outras, num futuro nao distante, quando efetuarmos

trabalhos mais detalhados e estivermos munidos da aparelhagem necessaria.

10 .
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CPRM
7-RECOMENDAGOES
Em fungao dos trabalhos realizados, das observagoes feitas e

das condigOes atuais do Laboratorio da CPRM, sugiro:

- a vinda de especialistas ao Brasil com a finalidade de minis—
trar, cursos e palestras, o que e muito benefica, uma vez que, &ao inves de
ser somente um tecnico a se beneficiar com os novos conhecimentos,daremos
a chance para o aperfeigoamento de um malor numero de brasileiros. Eviden
te, tecnicos esses, capacitados e atualizados, e que estejam dispostos a

k8 » e »
nos transmitir as novas tecnicas e metodos;

~ guanto ao material tecnico empregado, o equipamento usado em
nossos laboratorios & bem atualizado, no que se refere ao tipo de trabalho
gue esta sendo executado. Poderia sugerir de imediato a compra da"Spindle
Stage", que e de baixo custo e de manipulagEn que pode ser facilmente es—
planada aos demais tecnicos, com relativa aplicagao rapida e que e impor—
tante na identificacao precisa dos minerais transparentes. Quanto a apare
lhagem utilizada no estudo de Inclusoes fluidais nos minerais, tenho to-
das as Especificagaes necessérias, que serao fornecidas ao chefe do LAMIN,

- & i - L] ﬁ
para quando sua utilizagao for considerada de interesse;

" - guanto a atualizacao do pessoal, apesar do tecnico de labora-
torio ser Especificu, deveria ser dada a ele a chance de se transferir Pa
ra participar de outros setores dentro da companhia, em campos correlatos,
quando assim sentisse necessidade, possibilitando desta fcrma uma amplia—
gao de conhecimentos que viria a trazer beneficios tanto para o- tecnico

- . A
COmMo pPara a pPropria empresa;

— afim de manter um bom nivel de produtividade, & necessario man

F o A a =
ter os tecnlicos atuallzados em seus respectivos e correlatos campos de tra
balho, atraves da participagao em cursos, seminarios, palestras e em con-

A L] L] L] , L]
gresso tanto de ambito nacional como internacional. E gue esta chance deva

Ll @
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' L -
ser dada a todos os tecnicos de um modo geral, podendo assim todos te

rem oportunidade de se beneficlar, com 0S NOVOS conhecimentos;

— tambem julgo necessario, ate onde me fol permitido obser
var, seja dada a atengao devida a todos os tecnicos, no que se refere
a sua capacidade profissional, afim de serem evitadas insatisfacoes ,

geradas pelo nao reconhecimento dessa referida capacidade.

12 .
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Notes on
SPINDLYE STAGE ORIENTATION PROCEDURES

By

Ray E, Wilcox.
U. S. Geological Survey
Denver, Colorado
January 1965
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jiotes on
SPINDLE STAGEH OAIENTATION PROCEDURES
by
Rey E. Wilcox

The optical element of immediate interest for a uniaxial
crystel is the opbic axis,and those for a biaxial crystal are
the principal vibration directions X, ¥, and 2, and the two
optic axes. Otripped to the essentials, the positions of the
two cptic axes in space define the biaxial indicatrix completely,
since X and 7 bisect their angles and Y 1s perpendicular to their
common plane (the optie plane). 1In uniaxial crystals the two
optic &xes coincide, and the plane of the optic axes becomes
indeterminant. The positions of these optical elements may be
obtained either under orthoscopic or conoscopic illumination
(Wilcox, 1559). The conoscopic procedure is generally more
advantageous, not only because it is faster, but also because
it furnishes a "directions image" and thereby a more complete
visualizetion of the opticnl behavior of a crystal. Crystallographic
plones, suceh as cleavage or crystal faces, likewise may be oriented
and usually &are hendled orthoscopically for plotting with reference
to the opltical directions.

ADJUSTIENT OF THE MICROSCOPE AND SPINDLE STAGE

, In orientation of crystals for quantitative optical measurements,
whether for measurements of principal refractive indices or for

plotting of geometric relations of the optical or crystallographic

elements of the crystal, it is essential that the microscope be in

adjustment, that is, all the elements of the illuminating and imaging

lens syslems must be centered in respect to the microscope axis.

Theee adjustments are normally done as & matter of good practice in

routine orthoscopic work. Since conoscopic illumination here is

going to be uged f'or precise orientation, it will be necessary to

pay more than usual attention to centering of the Bertrand lens,

Instructions for most of these adjustments may be found in the
operating manual of the particular model of microscope. Unfortunately
these manuals seldom provide for more than approximate centering of
the Bertrend. Precise centering may be obtained by the following
procedures after centering of the objective and substage system:

l. With & small opaque grain or other easily recognizable
point ploced at the crosshair intersection, insert the
Bertrand lens (but do not cross nicols) end raise the
tube of the microscope until the telescopic view of the
object 18 in focus. If the Bertrand is centered the opaque
grain should still be at the crosshair intersection and
should remain there upon rotation of the microscope stage.

2. If it does not remain centered, adjust Bertrand centering
screws and recheck by rotation of stage.

e b



An alternative procedure aﬂﬁgeheréi application is as follows:

l. Start with an interference figure showing a sharp isogyre.
(preferably containing an optic axis) exactly along the EW
crosshair.

2. Rotate microscope stage in steps of exactly 90°. If the
Bertrand is centered, the isogyre should lie exactly along
& crosshair at each setting, first NS, then EW, then NS
again. Adjust the Bertrand centering screws if necessary
to achieve this,

The "Reference Azimuth" is needed if the optic or crystal elements ar
to be plotted stereographically. Throughout this discussion the » |
Reference Azimuth is the reading of the microscope stape when the
spindle points exactly south (toward the observer). 1t may be
established as follows: Push the spindle far forward in its slot
until the parallel-sided shank cen be seen in profile under low
magnification. With the spindle tip pointing towards the observer,
the shank is made parallel to the NS crosshair, whereupon the .‘

reading of the microscope stage is recorded as the Reference Azimuth.

The Reference Azimuth is to be subtracted from each reading of
the microscope stage before stercographic plotting (see following
section)., If the spindle stage can be attached on the microscope
stage in such a position that the Reference Azimuth is exactly 0°,
then microscope stage readings can be plotted directly. This can
be done on most microscopes by appropriate shifting of the spindle
stage beneath the stage clamps or by proper placement in the
mechanical stage. Should it be necessary in subsequent manipulations
to shift the spindle stage on the microscope stage (for instance, to
bring a different part of the grain to the crosshairs), the shifting
must be done without rotation, else the Reference Azimuth will be
changed.

For determination of principal refractive indices only, it
is not necessary to establish the Reference Azimuth of +he spindle
on the microscope stage, since the readings at the oriented positions ‘
will not be used except perhaps for quickly resetting the orientation.
Lo prevent confusion due to duplication of directions exactly 180°
apart, readings arc token over only the first 180° of rotation of
the microscope stage from the Reference Azimuth.



o TERBOGRAPHIC PLOTTING

Where it i: desired to relate the several pgeometric elements
to each other, the stereographic projecticn is of great utility..
In the following the "mzridianal’ stereographic net will be used,
that is, a net of N-S ireat circles (meridians) and E-W small circles
(latitudes).l/ Either the true stercographic net (Wulff net) or
the purposely distorted "egqual area'" net (Schuidt net) is suitable. The
plotting is cerried out so that the final plot shows the crystal-optical
directions &s they lie 1n snace when the microscone stage hus been

- e el me s — - Er——
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returned to the Reference Azimuth ﬂﬁtﬁinﬁ and the spindle arm flat

[ e T L

at zero on the spindle sczle Iat the extreme c.lockwise rotation

- T —— g - - e e i o .

as viewed from the spindle tip).

Plotting of a geometric element is done as follows:

1. Attach a transparent overlay to the net, mark the North
point with a hook representing the spindle arm, as in
fipgure 1, mark the center with a dot and the South point
with a Tick mark.

2. Subtract the Reief7nce Azimuth from each reading of the
microscope stage.Z

Table 1l.--Data for orientation (figures 1, 2, and 5) and index
determination

-r - e T R W R M e r— e i = ——— ——

Mineral: Anorthite

Reference_§3:=0°l § _—

Refractive Spindle arm Microscope
index reading | stage reading
'Nx 1.575 122° . : 104 °
Ny 1.584 2 by 126°
Nz 1.588 ) 51° | ok
Cleavage: 001 150° 155"

l/iﬁn alternate stereographic net is used by Tocher (1962),
Fisher (1961), end Garaycochea and Wittke (196k), who place the
spindle axis at the center of the base circle. Microscope stage
readings are plotted radially from the center, spindle arm readings
counterclockwise from a zero point on the base circle.

g/.Alternativelyg a ring may be cut out of a sheet of paper with
its inside diameter equal to the net diameter. Tick marks corresponding
to the graduations of the base circle are placed on the ring and

numbered at 10-degree intervals. The ring is attached to the net,
placing the Reference Azimuth of the ring at the N pole of the net.

All microscope stage readings then plot directly according to Llhe
numbering on the ring. 3

/



Figure 1l.--Principal directions
X, ¥, and Z plotted on marx
overlay on Wulff net with
spindle returned to reference
position (data of table 1).
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3. Tekinz the examnle of the data sheet of table 1, plot X by

counting off 104" (tne reading of the microscone uhﬂﬂc)
counterclockwise around the base circle from tre N point
then eastward nlong the small circle for 122° (ine reading

of the spinciz arm) and mark the point, as shown in the

: fipure. Plct Y similarly 126° counterclockwise around the
base circle and 21° eastward along the small circle, and
Z similarly 40° counterclockwise around the base circle and
51° castward along the small circle. (Note that the con-
ventional symbels oif circle, cross and triangle zre used
to designate X, Y, and 2, respectively.)

4. By definition, the directions X, Y, and Z of the optical
indicatrix are mutually ©0° from eacnh other. With the =
overlay in the reference position on the net these angles
cannot be read directly, but by rotating the overlay to
place two of the points, say X and 7, on the same meridianal
great circle, tlie true angular distance between them may
be counted off, as in figure 2. Since the plotted position
of Y likewise is 90° from both X and 2, the point ¥ must
fall on the equator 90° from the XZ meridian, as counted off
along the equator, which itscelf is a great circle.

5. As the plot is now placed, the optic plane can be drawn on
the overlay by tracing the XZ meridian, Again by definition,
the two optic axes will lie on this meridian, symnmetrically
disposed about the two bisectrices, X and Z,

6. A vibration direction is horizontal NS when the microscope

. stage has been rotated to bring the crystal to extinction.
This vibration direction may be plotted in the same manner
as was done for X, Y, and Z, using the readings of microscope
stege (less the Reference Azimuth) and spindle ari. At
exactly 90° on the microscope stage from this setting is
another extinction position representing another vibration
direction. On the plot this point falls just 90° from
the first extinciion position on the same meridian,

. 7. If a recognizable cleavage plane or crystal face (such

as the 001l cleavage of table 1) is rotated into a vertical
EW position, the pole of this plane is horizontal NS.

Using the readings of microscope stage (less the Reference
Azimuth) and the spindle arm at this position, the pole may
be plotted as a point on the stereographic net, as done for
the cleavage in figure 1. If desired, the plane itself may
be shown by rotating the overlay to bring the pole to the
equator, and tracing the meridian that lies 90° away.

8. In the foregoing the element has been plotted as it appears
after having been rotated from the horizontal NS position,

* in which it was reccpgnized, back to the primary reference
position of tne spindle. The same basic operations may be
followed to plot an optic element that has been recognized
in a position other than horizontal NS. Such is the case
in plotting optic axes for determination of optic angle.

5
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In fipure o for instance, the melatope ( pLic uxia) nas
been placed on the S crosshair with the microscope stage
et 0° ana tlez spindle avm at 48°. With the ocular micrometer
and Mallard's constant, the angular distance from the
“microscope « is was Tound to be 16°., (For this the approximate

value of Ny should be known.) In plotting, start at the |
center ol the netv, as in figure k4, proceed 16° south

: (because Llie Bertrand lens inverts the conosccopic image),
thence 40° castward to mark the point of the optic axis.

0. Transposing the various crystal optical elements to a position
| different than that of the reference position is done in the
usual msnner, as outlirned for the uwniversal stage of Hafd
(1940, 19h2). Thus @ plet of a plagioclase X, Y, and 2, and
(001) cleavage may be rotated to bring Y to the center and
X end Z to the base circle, as in figure 5, for compariscn
of (001) with the conventional plagioclase migration curves
(Troger 1056 Plate T3 Bmmons 1943, Plate 12).
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Figure 5.--(Plot of anorthite
crystal (table 1) transposed
Ab to place Y at center for
‘o S ~ comparison of position of
e N gz L2 AL Aol eguater (001) with plagioclase
L7 [ € Y, migration curve,
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COHOSCOPIC PROCEDURE

For a measurement of a principal refractive index, the
corresponding symmetiry axis of the indicatrix is placed nhorizontal
and in the plane of ti:2 lower nicol (here assumed to be Ii3). This
situation is expresscdé in conoscopic illumination as an interference
figure bilaterally syimetrical about the EW crosshair. As illustrated
in figure 6, the figure 'itself may take various Torms, thin and well
delined in the vicinity of the melatope (optic axis) and broader at
a distance therefrom. In the latter case the final symmetrical
setting is most easily recognized by the symmetrical movement
of the isogyre in respect to the EW crosshair as the microscope
1s rotated a few degrees back end forth. The "flash figure"
represencs an extreme example of this behavior. n

Interference figurec are generally of better quality when there
1s at least an approximate match in index between liquid and crystal, say
within 0.03. The best interference figure is not usually found at the
setting of the microscope tube for best focus of the orthoscopic image. .
Rather, starfting at thiscetting and inserting Bertrand lens and substage |
condenser, it will be found that by raising the tube slightly the
interference figure smootis out and fills the conoscopic field without

distortion. -~

Uniaxial cryﬂtals

A position of general utility for a uniaxial crystal L°;y1
16 (Opbic axis horizontal. This position is recognized congé pically
by tﬁax -called "flash figure." On a good microscope, tiic Setting -
at which\\%e 'Tlash figure" is centered can be made to w;ﬂhln a |
degree or

A\Ei rotation about the spindle arm. The following
procedure is\g j//ﬁ

pested:

,..v"

l. The cry3tal under conoscopic illumi natlﬂn between crossed
nicols iﬂ\RQh.LUﬂ on the microscope giage to bring one
isogyre approvamately along the N« q/crosshalr

/

2« Then by mtpp*-"l& tions dum}t/the spindle axis with .
' required adjustment Q}\\ﬁe m;trogcope stage to maintain the
arm of the isogyre apL*u“ ﬂxLely along the N-S crosshair
a poinlb is reacued ﬁt;wn;&uxinp isogyre becomes noticeably
broader and "fans" atrdss theNfield as the microscope
stage 1s ratated Uapﬁianu forighN\ With 2 small rotation
about the spindle axis beyond tblu o.nt, the isogyre is
seen Lo hroadénxuo nearly fill gﬁb\b le field and, upon
rotation back~<and-forth of the mier bﬂﬂ stage, 1t flashes
out of tield first in one opnosed pail Of\ﬂﬂﬂﬂluﬁtﬁ;

then in ffie other. In this position thedopde axis is

horizomtal.
3. it/{i/;ood practice Lo establish this setting a

//ratatlng about the "ninﬂlc axls a bit further, Uﬂﬁ%}
'fan" action of the iscpyvre is again seen but on L nt? r

7 side, The crystal 1s then returned to the best settin
for the flash fipgure,

f‘ly by
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JZV J:ove Lhst for ihe high-N.A. objective used here an orthoscopic

» Image of* the erystal. Cropment. is not ‘actuzlly required,  only the
congaueepic interfoerense Egure, wvhich in wany caces may still be
oblzcinca cven thowy,in the SLhjeccive's vorking distance is oo small
to periiit an orthescopic image.” The tests with the awxiliary plate
for Fest and Slov dirccticns in the conoscopically orientea Tragment
may be mzade by clightly raising the tuvbe and refocussing the Bertrand

lens, thereby providing a telescopic imz2ze of the vhole fragment.

ohculd the vorting dicstance of the objective be too small to

rermit & il concseanic Tisure, it mz2y e necessary to modily the
; .
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spiixdle sioge., Cra upadicnt is to suboiitute support biccks of &

sui:aller dizmeter Liru the spincle, as chown in the sketch, paraitting

a civser approacn ol tie cbjective to the erystal fragment. It is to

L
be noted that the vcventage goined thercby 1s greeater than would te the
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case if bolh the spindle disxeler anc the support diamecter vere reduced
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Uniaxial crystals

i —

The most direect way to deternine whether a crystal is uniaxial is
to orient it so that the optle &x1s is within the conoscopic field of
view. The interference figure then 1€ a dark | -
cross, figure S5a, with arms that remain parallel
to:the crosshairs as ihe staze 1is rotated. Here
the ontic sign may be determined by noting the
change of interference colors in the quadarants
upon insertion of the accessory plate (ecf. Bloss
1960, p. 127; Wahlstrom 1969, Pp. 260). Here also
the ordinary principal refractive index could be
compared with the sindex of the ligquid by rotating
the stage to place the intersection of the dark
cross on the E-W crosshair, converting to ortho-
scopic illunination, and withdrawing the upper -
micol. It is just as well, however, to gO Fipure 5a. R
directly to the flesh figure, &S outlineda in :
the followirg, where both the ordinary and extraordinary principel indices
may be determined.

1. Rotate the microscope stage 10O place the E-W isogyre along the
E-W crosshair. . :

o. 3Py elternate small rotations about the spindle exis and adjusiments
of the microscope stage to keep the isogyre epproximately along
the E-V crosshair, proceed through the position in which the
jsogyre noticecably broadens and "fens" repidly across—thre—field
with small rotation of the microscope stage. With a snall spindle |
rotztion bevond this position the isogyre is seen to broaden TO
nearly fill the whole field, and,upon rotation of the microsccpe
stage back end forth,it flaskes out of the field first 1rom one
opposed pair of quadrants, then f{rom the other. This is the s0-
called "flesh figure" and indicetes that the optic axis is horizontal.

3. It is good practice to estzblish this setting firmly by ‘rotating a
bit further ebout the spindle oxis until a reversed "fan" action of
the isogyre is observed. The crystal is then returned to the setting
that givgs the best and most symmetrically-behaved flash Tigure.

) ; :
'L. Having followed the E-W isogyre to the flash figure, we know that
the optic axis is not only horizontal, but it is E-W. Thus the
vibration direction of the ordinary ray 1S i-S parallel to the lower
nicol, and its index may be compared to that of the liquid by con-
verting ‘to orthoscopic i1lumination and withdrawing the upper nicol.

i "

Rotation of 90° on the microscope stece (to the other extinction
position) places the optic axis, N-S, parallel to the lower nicol,
and, with the upper nicol withdrewn, the crystal is in position for
corparison of the extraordinary principel index with the immersion
liquid. - . | »

\n

.ﬁ_ %



- ] -

i, Yxowing now that the optic axis is norizontal, we pipeueJ
toplace it 1i8 with tue aid of Lommel's Rule: 7

HE

-

Fromon cxtinevion position, rotate the-crystal a fow

degreﬁhﬁi&gfkwi:g. I in coing so &fie isosyres depart
from t:.C ~H\\ o guadrants, E,_]::e’ optic exis aus becn
rotated intd“nfgagﬁ quadrant.” IT can now be rotated

the few deprees badi to thé NS position for determination
of the extraordinn?ﬁ?iﬁdex. Rotation t©to the other

extinction pssitiun'ﬁﬂaﬂl&g\fezerminatiﬁn of the ordinary

e

index. fﬁff”ff o E\\\\::TEM\‘
B. If on tre gﬁfggf;eﬂd the clockwige™rotation causes the

Wl U b

o

isogyxe 6 Tlasn out of the fieldxinfthe MW and SE
drents, the optic axis has been rotated _a few

&gﬁgis into the M. quadrant. It now can bﬁnp;aced

e S by appropriate rotation on the microscope stage.

o,

4

Biaxial crystals

- ——

A principal vibration direction is horizontal NS when an isogyre
lies EW across the center of the conoscopic field, so tnav Lne bW
crosshair divides the isogyre into two mirror-image halves, ({or
instance, as in figure 6 a, b, and ¢). Such a bilateral symmetry of

e / 2 Vi L B " T
WMI B S 2 B

(@9

Figure 6.--Examples of interference figures of crystals oriented with one
principal vibration direction horizontal NS:
(a) Y horizontal NS (optic plane EW)
sb; A bisectrix horizontal NS, other bisectrix near verticeal.
¢) A bisectrix horizontal NS, other bisectrix near
horizontal LV.

the isogyre results from the fact that a symmetry plane of the indicatrix
is exactly vertical and FW. With the principal vibration directlon now
horizontal NS, the corrcsponding principal index may be measured (sce
section on refractive .ndices) or tne readings taken of the microscope
stage and spindle arm scales for plotting on the stereographic net

(see sections on plotting, optic angle, etc. )



Vhile any of the Lhree nrincipal cirections X, Y, or 7 may be
orienved .first, thor: are ceruvaln advantoges in svarting wien ¥, the
optic normzl, as follows: |

~ 1. Make sure %trab the microscope system, including the Bertrand
lens is cenit:red. (Devnraine the Reference Azimuth il data is
to be plottec. )

v 2. With the Rertrand len=z, substare condenser and upper nicol
inserted, rotate chrouch the sween of the spindle arm to
see if an ovtic axis masses through or near enough to the
conoscopic field to recoinize its position., (The isogyre
pivois aboub the optic axis =5 the nicroscope stage 1is
rotated. )

[

3. Place the isogyre conbaining the optic axis symmetrically
along the EW crossnair, lor insvance as in figure Ta. The
symretyy plaue of the indicabrix thus placed vertical and
W must be the ophic plane, since it contains the optic exls.
'The opbic normal Y is now in Lhe desired horizontal NS
posivion for determination of Ny.

Figure 7.--ixarmle of sequence o inSerflerence figures (with Bertrand len
. . = W = " N & i 2 i G B ofs o —y Y
seen as isoryre 18 Lollowed Jrom setting Lo ¥ Co tiat of X

. - e T el PP - e Tl Rl Sl Y i‘.."'.u
of an auertalite erysitzl 2Y..=70" .

L
o Ny

| ()

5)
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position in tiie conoscopic field.)
Follow the iscpyre by smell inerements of roitulion on inc
spindle axis and necessary rotations of the micrescode chure
to swing the isozyre (no longer EW) bacik Lo cub thzough

the center of the fiela, for instance as dono 1n Tigures

f, a to . DEventually a new position is

p_

reachca vwhnere the
isogyre lies symmetrically along either the LW or IS
¢crosshair.

A. I the isogyre now lies along the Tl crossi
vmnetrj plane is verdvical EW and anotner mri.acipal

vibravion direction nas been placed norizonlal 15,
in position for determination of tre principzl
refractive index. The direction cannot be Y, since
that was already founa in a different position, So
1t must be X or Z. Determine wnich by tne ucual test
wilth the accessory plate, and record readings of tne
microscope stage and spindle arm.

B
oy

s e
™
-
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B. I the isogyre lies along the NS crossinair, rotate the
microscope stage 9C°, to make the isogyre lie alcnu
the EW corssnair, and refine the seltings of spindle arn
and microscope stage to make thie EW crosshalr truly
bisect the isogyre. Determine by the usual test with
the accessory plate wnetner X or Z 1is the vioration
direction now horizontal NS. Record readingzs.

C. Since we now have two of the principal. vibration
directions, we could find the third atv exactly
Q0° from both by lotting on the net. It is generzlly
good practice, however, to proceed to find the third
principal direction independently, as in Step 6, below.

By additional inerementel rotations on spindle and microscone
axes, follow the isogyre further until still another setiing
is found where it is either EW or NS. If EW, treat as in
Step 3A, if NS treat as in Step 3B. This is the third
principal vibration direction.

I upon reaching the end of swing of the sypindle ari
(either 0° or 160°) no uriicr EW or NS isogyre has been
encountered, return to thﬁ cetting for Y and follow the
arm ol the isa~yre by ilnvraeenival rotations aboul the smninale
axis in the opnosite direction until the sought-for W or iS5
isogyre is found.

.
L |



In the majority of cases tlie procedure outlined above will lead
more rapidly to the settings for tae three principal vibratiocn directions
than a randem scarch, and will involve least equivocation in the identi-
ficetion of each direcition as X, ¥, or Z. When by chance a centered -
bisectrix figure is encountered, one extinction position furnishes Y ]
and rotation of 90° c. the microscope stage to the other extinction
- position furnishes X or Z without changing the setting of the spindle
arm. When e truly ceatered optic normal figure is encountered, one
extinction position furnishes X and the other Z. 1

Special attention should be given, however, to the apparently
centered optic normal (flash) figure. Precautions are necessary in the
case of a crystal of small optic angle, say less than 40°, because the
behavior of such a crystal may approach that of a uniaxial crystad
(2V = 0°), and the apparcnt flash figure indicates only that tne acute
bisectrix is horizontal; the optic plane itself may be inclined.

Fortunately the 3 p051t10n of the acute bisectrix may be esteblished by
applying Lommel's Rule as for uniaxial crystals (see above Tor uniaxial )
crystals) and the optic sign may then be determined with tne aid of the
accessory plate. Should the crystal happen to be mounted with the acute . .
bisectrix sub-parallel to the spindle axis, the correct horizontal

NS settings for the obtuse bisectrix and the optic normal may not

be =ma apparent to the untrained eye, and for determination of their
respective principal indices it may te more effective to revert to

the orthoscopic procedure outlined in another section. No difficulty
in choice of proper setting occurs when the acute bicectirix 1is at a
large angle to the spindle axis, for it is seen in the ccnoscopic field
at appropriate settings of the spindle arm.

Conoscopic "extinction curves" (cf. also "extinction curves" in

"Orthoscopic Procedures" below).

Since the interferecnce figure is a "directions image" the centerx

of the conoscopic field displzays the benavior of the light passing ,
through the crystel parallel to the microscope axis. Thus a crystal at
extinction under orthoscopic illumination will furnish an interference
figure in which an isogyre passes through the intersection oi the )

¢rosshairs. Successive extinction positions at different settings
of the spindle arm may be followed conoscopically as iollows:

1. Make sure thet the microscope system, including the Bertrand
is centered. Determine Reference Azimuth.

2. notate on the mlcrnaﬁnpu stage to place the spindle axis EW.
Advance the spindle arm until the darkest medial portion of
an isogyre lies at the intersection of the crosshairs. (The
isocyre may be found to lie in eny direction across the field.)
Racord spindle arm and microscope stage reading.

L
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3. Rotate spindle arm to the nearest 10° praduation o seale
rotate the microscope stage to bring {this came iscm oo back
to the intersection of the crosshairs. Decord roodin-s.

i, Similarly reccrd microscope stage readings for the loomyre
passing throegh center of field at successive. gsetiiniss of
the spindle arm at 10° intervals throu:sh the full 18607,
(Fur these zones where the isogyre is swinging yenidly—-wi.r
the optic axis 1s near the center of the field--t-dveunce ti.
spindle arm by sraller amountus, say 5° or less.) ‘inis
defines the so-callicd "equatorial" extinction curye

* in detail in the section on orthoscople procedure::.

o+ Plot these points on an overlay on the stereonet (rce sceticn
"Stereographic Plotting").

6. Another extinction curve is defined by the series of
"conoscopic" extinction positions 90° away on the microscoys
stage from each of the settings determined in Stens 1-3
above. This is the so-called "polar" exztinction ciuve

3
and readings may be plotted similarly.

It is instructive and often helpful to compare the exlinction
positions taken alternately wunder concscopic and orthoscouic illumii: Lion.
The conoscopic generally provides the more precisc settling ol extinction
when an optic axis is near the center of the field. ' The mr‘hm“cmpiv
setting may be the more sharply defined when a bisectrix is near horizontal.
The fundamental fact fthat the prineipal vibration directions X, ¥, auﬁ
Z, lie on the continuous extinction curves is simply dcmOf"a:uuLd by

" tracing the extinction curve conoscopically throurh each of the three

settings at which & principal direction is horizontal NS, &«s indicated
by the symmetrical disposal of the isogyre along the EW crosshair.

13
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ORTHOSTOPLC PROCHDURES

The orthoscopiz wrocedures outlined here are uscful as a supplement
to the above describ~d conosco~ic procedures. They ara not recommended
for use to the excl: i-n of the conozcepic procedures, exzept where the
microscope at hond ic nobt eanuble of producing a satisfactory inter-
ference figure. Orthcscopic precadures in some applications are capable
of high precision, tul generaily their usefulness is linited because
at any one seltinz the cootical behavior of light is seen for only
one direction of trensmicsion in the erystal. (The ccnoscopic procedure,
on the other hand, prezente to the cbserver the behavior of light in
& large ccne of directions, and ne is bvetter able, for instance, to
bring a desired elemen® intn orientation, or to make a quick estimate
of optic angle, optic sign, etc.)

The methods described in this section are based on extinction
behavior between crossed nicols under orthoscopic illumination. For
determination of the spacizl reiations of principal optical directions
and the optic angle of the crystal, readings will be btaken of the : .
settings of microscope stuge and spindle arm at selected extinction :
positions, and Lhese vwill be plofited according to the conventions
described in the scction on “Stereographic Plotting" above.

Extinetion positions

Between cressed nicols with a given setiting of the spindle arm,
rotation on the micrcscope stape bringc the crystal to a position of
extinction. Here one vibration direction of light passing throuzh the
crystal is horizontal 115, and this dircctional element can be plotted
stercograpnicelly in the came manner as described in Lhe previous section
using the readings of microscope stage anc spindle arm. Rotation of
exactly 90" on the microscope stage brings the other vibration direction
NS, and its position may similarly be plotted.

Althcough there are four such extinction positions in a full 360°
rotation of the microzcope stage, we will Limit ourselves here to the
two which fall in the range 0”7 to 180° on the micrescope stage. The | .
other two sinply duplicate the first two for our purposes, and to
prevent confusion we avoid them.l

For nurpose of plotting the extinetion curves descrived below and for
thelr further use in determination of optic angle, the extinction positions
shouwld bLe determined =s exaclly cs feasible, The microscope lens system
irst of 21l snould be in adjustment end the vibration directicns of the
nicols strictly paralicl to the crosshairs. Decause the spindle arm
cammot be set much more preciscly than 4+ 1° using the crude plastic scale

‘i/ RBecause of tho construecticon of the spindle arm, we automatically
avold the Tour additiouvnd replicate extinclion positicns for a setting
f the spindle arm juslt 180° Trom the Tirst setting.




on current models (Wilccx 1§j9), it will not be necessary Lo determine
its setting &t extinction closer than say + 0.5°. This cmount of
tolerance 18 permnitted lso by the reliability of the stereopraphic

1 \ Y [TGY
net--most currently arailable nets are no better than + 1°. Where
justified by the reguirements of the problem and the precision of
equipnent and plottins ncw, methods are available for more exact
determinations of extinction position (cf. Wright, 1911, p. 115-146).

Under routine orthoscopic illumination tlie crystal frapgmenl may
appear to remain at extinction, as far as the eye can discern, over
& rotatlon of ceveral degrecs on the microscope stage. This is
because the minimum of light intensily is not sharp as one approaches
and passes the position of truve extincltion. It is good practice to
constrict somewhet the rield diaphragm (the lower of the two substage
diaphragns), whereby the illwuiinating rays are made more nearly
parallel and a sherper sebtting for extinction is obtained, in spite

l"l-

of the lower intengity of total illumination.

White ligut suffices for most routine determinations of extinction
position. With crystals of strong dispersion of the optiec axes or
the indicatrix, however, definite extinction in some positions is only
to be atlained in monochromatic light. As a source of monoclaomatic
light a sodiwn lamp (58934) may be used or, a corresponding interference
filter (Schott-Jena, Baird-Alomic) may be placed in the path of white
light.

If an optic axis is near parallelism with the microscope axis,
the position of true extinction, that is of minimum light, is even
less sharp., The crystal may eppear to be dark through a wide rotation
of the microscope stage, and worse yet, it may not attain total
extinction at any position. Acceptable results mey sometimes be
obtained by still further restriction of the field diaphragm, but
in thesge circumstences it may be helpful to revert to conoscopic
illumination, where, with the aid of the isogyre, there is no doubt
of the true position of extinction (see section above on "conoscopic
extinction curves'").

As the rotation about the spindle axis proceeds the crystal
fragment may depart from the center (crossheir intersection),
because the fragment has not been mounted exactly at the rotational
axis. Small departures of this type are not harmful in orthoscopic
work. Large departures require recentering of the grain without
disturbing the Reference Azimuth. S

Extinection curves

Having established one position of extinction, a small change in
the selting of the spindle arm will normally cause the crystal to depart
from extinction, and a small rotation of the microscope stage will be
required to restore extinction. By successive incremental advances of the
spindle arm and restoration of extinction by rotation of the microscope
stage e continuous series of extinction positions may be followed,
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corresponding to a progressive change of vibretion direction as the
crystal is rotated abouv the spindle as a zone axis. Plotted on

the stereographic diapram, these define an "extinction curve." Since
for each setting of the spindle arm there is another extinction
position at just 90° rotation on the microscope stage, there is a
second extinction curve representing a second series of vibration
directions. One curve crosses the equator of the net and is called
the equatorial curve; the other passes through the pole of the net --
the spindle axis -- and is called the polar curve (see figures 8 and 9).
The properties and mathematical relations of extinction curves are
described in some detail by Joel and Garaycochea (1957), and their

use in the determination of optic angle are discussed by Wilcox (1960),
Tocher (1962, 1963), and Garaycochea and Wittke (1.964).

Uniaxial crystals

The equatorial extinction curve of an uniaxial crystal mounted
with its oplic axis oblique to the spindle axis is a great circle.
The normal to the plane of the great circle of the equatorial extinction
curve 18 the optic axis and lies on the polar extinction curve. The
following simple means of locating the optic axis is available and i8.
illustrated by figure 8, based on the data of table 3: |

l. Check adjustment of microscope and determine Reference
Azimuth of spindle. Immerse crystal in liquid somewhere
near its average refractive index.

2. Rotale microscope stage to place spindle axis EY,
then rotate about spindle axis to bring crystal to
extinction. Record this as one point on the equatorial
curve,

3. Follow this extinction curve by stepwise rotations of
spindle axis and restorations of extinction on
microscope stage, until spindle arm is at 0° (flat).
Carefully set extinction on microscope stage and record.

%, Return to first setting (Step 2) and follow extinction
curve simlilarly in opposite direction until spindle arm
reaches 180°. Cerefully set extinction on microscope
stage and record.

2. Theoretically these three points should establish the
great circle of the equatoricl curve. In practice it
1s desirable to establish several. more points along
the curve, especially in the middle portions, and record
the readings. |

6. Plot the points stereographically on an overlay teking
into account the Reference Azimuth. (See section above on
"Stercographic Plotiing").

7. Rotate overlay to bring the points to that meridianal
great circle on the net which best fits the plotted points.
Trace the great circle.

i
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8. From the intersection of this. great circle with the eguator,
count off 90° along the equator and mark a point. This is
the optic .axis.

9. Rotate the ¢rerlay Lo place the spindle axis again at the
north point. If it is desired to set the optic axis
horizontal NS, the readings of microscope stage and
spindle arm may be taken from the net. i

)

Biaxial crystals

The equatorial extinction curve of a biaxial crystal departis
from a great circle by an amount depending on the size of the optic
~angle and the orientation of the crystal indicaltrix in respect to
the spindle axis., The optic normal, Y, and one of the bisectrices,
X or Z, lie on the equatorial curve; the other bisectrix lies on the
polar curve. These relations, plus the fact that X, ¥, and Z are
90° from one another, make it possible to find the actual positions
of X, ¥, and Z on Lhe stereographic plot as follows:

1. Check adjustment of microscope. Determine Reference
Azimuth of stage. Immerse crystal in liquid somewhere
near its averapge refractive index.

2. Between crossed nicols with orthoscopic illumination, rotate
on microscope stage to place spindle axis EW. Rotate about
spindle axis to extinction. This is a point on the equatorial
curve.

3. Trace out tnhis curve in both directions, setting the spindle
arm carefully abt even 10° inbervals and the microscope stage
carefully at the best extinetion of the crystal for each
setting. Record readings as in table 3.

L, After subtracting the Reference Azimuth from each reading
of the microscope stags, plot the readings on an overlay
on a net {see "Stereozraphic Plotting" above), and drav
a smnooth curve through the points, This 1s the equatorial
curve.

5. Rather than physically determining the corresponding polar
curve, it is usuvally sufficient to mark a point at exactly
00° alonpg the meridian from each plotted point and draw a

smeotn curve.

C ,
(estimated conoscopically or by cother means). If Y do
not fall exactly on th2 equatorial curve, shift i
curve, as 1n figure 9.

™
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table 3).
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trial positions of 90° spherical
triangle, True XYZ triangle
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& |
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the net equatr ﬂ: counlb ol 90° d10ﬂ¢ GQuUaLor ﬂﬂﬁ Lol llow
meyidian teo its dintersceciion with tue equatorial curve.

This is a trial pcint for one bisectrix (point Z1 1in

figure 9).

Count off 90" along the meridian and mark the tricl point .
I the other tiseecvrix. Ir it falls on the polar curve,

cne requirenen:t that X, Y, and Z be exactly 90° {rom cach
1 b 3 El"
other is satisfiied.

In only two pocsitions o in, 90° spherical triansle can its
apices all lie on tne extinction curves. One position is
that of the true ¥YZ triangsle. The obher is tnaot of a

"ghost" triangle that may be identified by the fact that
one of 1¢s sides exiended vasses trirough the spindle axis
on the overlay (c¢f. Joel wund Garaycochea, 1957).

f, as for point i, of figure 9, the trial point dﬂen not
fall on the polar curve (or if it does but is an apex of
the "ghost" “Jl:rﬁrﬁ) it will be necessary to try ancther
positicn of the 90° spherical triangle. Mark a nkﬁ'brlal
position of ¥ on the equatorial curve a few degrees away
from the first and repeat Steps 8 to 10.

f‘;
} 1

L the third apex is now closer to the polar curve than
before, try yet other positions for Y in the same direction
until all three apices llP on the extinction curves and

the triangle is not the "ghost", as above defined. This
then is the true XYZ triangle.

If the third apex is farther from the polar curve, try other
posivions for ¥ in the opposite direction along the equatorial
curve to finally reach the true position of the XYZ triangle.
The complete locus of trial positions is shown in Tigure 10,
where the true positions of X, ¥, and Z fall between trial
sets 1 and 2.

The choice of which apex is X, ¥, or Z is more readily made
conoscopically. I conoscopic facilities are not available,

it will be necessary to identify the principal directions

orthoscopically as follows:

A. The principal direction that has been located on the
polaxr curve is either X or Z. Taking the stage and
spindle arm rcadings as indicated by its plotted
position, set this bisectrix horizontal NS. If by
use of the accessory plate it turns out to be the

faster ray, it is X3 if the slower it is Z. Record.

2
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The two principzl directions on the eaquatorial curve
are [ and tne remnaining bisecirix, anda tie most direct
means of distinguishing them orthoscopically is by
actually determining their indices of refraction:

Set one of the principal directions in question
horizontal NS and change liguids until an index maten
is obtained. Now follow the equatorial extinction
curve by appropriczie roteations toward the position
of other principal direction and observe whether the
index increases or decreaces. If, for insiance, the
bisectrix on the polar curve had been found to be X
and now upon following along the equatorial curve S
the index is seen Lo increase, we must have started
at ¥ on the equatorial curve and be proceeding towards
Z2. Label as such.




CHANGING IMMGERSTON LIQULRS in the spindle gtare

It 35 not nLc“”ﬁry to disturbt Lhe orientation of the crystal
during chansing of liquids, but it is essential to take appropriate
care to prevent contamination of either the new liquid in the cell
or the supply bottle of new liquid, The following procedure is
reccoxmended: _ e, g

(1) The old liquid may be largely removed by placing
the end of a small strip of blottér or coarse filter paper
agajist the spindle immediately behind the immersion cell.

The removal may be hastencd by another strip on the |

opposite side of the spindle, as in fig. 1. In a similar

manner any stray liquid on the plate in front of the cell

is similarly removed., - <

;;pfmd{h?

cell.

clean {1
Ardca r.*:.,:,c.. _
(2) A drop of the new liquid is then introduced into

the front of the cell by bareiv touching the applicator
rod to the plate and cell front, whercupon capilliarity
draws the liquid into tbe cell. To guard against con-
tamination of the supply bottle of new liquid by any small

~amount of the old liguid picked up by the applicator,
"excess liquid on the tip is rewmoved by touc hing 1t to a
blotter before returning it to the supply thLle.

(3) The liguid now in the cell is slightly contam-
inated by the reamnants of the old liquid and, unless only
a rough index comparisoun is desired, am additional rinsing
will be required. The liquid is again removed {rom the cell
. and from the plate in Fran. of the cell with blotters, then
| a fresh drop of the new liguid added (and the annllcator
again touched to the blotter beforerzturning to tae bottle).

L

(4) If the index interval between the two liquids
is not large, say not more tham .Cl, centam.ination by
this tiwe has been reduced to a level too smizll to be
detectable by routinz techniquzs (sensitivity not bette
than abcut % ,C0l). Further rinziangz therefare is not
vsually required, and on2 may preceed to cotpare the
Index of the crystal with that of the new Yiquid. If
the index change has been large, or if very sensitive
techiniques of index comparison are to b2 usa2d, addi-
tional rlnses are advlqabTQ.

22a,.

Fig. 1. Placement of
blotter or filter strins
to remove liquid from
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