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Preface

The purpose of this hook is to illusirate the appearance of mamy ool the

common rock-forming minerals in thin section under the microscope.
It is not our inlention that it should be used as a substilute for a
mineralogy texthook but rather as a lahoratory handbook for use in
praclical classes together with one of the standard texthooks on
mineralopy.

The idea of producing a series of photographs of minerals in thin
section came from two sources, The son of one of (he authors,
. B MacKensie, then in his second year as a studenl ol eenlory,
sugpested that these would be a usefol aid in recognizing minerils
under the microscope. On questioning under praduates in second-year
Greology classes in Manchester University, why they preferred certain
lexthooks 1o others, The answer was invariahly that they found those
hooks which contained illusirations accompanying (he lext parti-
cularly useful, especially when they could recognize under he
microscope features which eould be seen in the phatopraphs,

Some of the lextbooks which, in our opinion, contain the best
photomicrographs or drawings of minerals are rather ald und are not
readily availahle to the student of today. Rosenbusch’s Mk roskop-
ivche Petrographic der Mineratien und Gesteine. published in 1905, has
some cxcellent photomicrographs printed in black and white, whle
Teall's Arirish Petrography, published in 1858, has beautiful drawings
which appear to have heen hand-coloured belore reproduction by
printing. H. G, Smith’s “Minerals and the Microscope™. firs) printed
in 1914. has been found uselul by generations ol students of
elementary mineralogy bevause of the high quality of the lustrations
It seemed 1o us that i we could reproduce faithfully, by colour
pholegraphy, the appearance of minerals under the microscope bl
in plaiie-polarized light and under eroszed polurs, the wselulness of
photomicrographs as a teaching awd would be imcreascd cnormously.

The majority of the photographs were made from thin sections of
rocks in the teaching cellections of the Geology Pepartment m
Manchester Liniversity and we are grateful to many of our colleagues
in Manchester for providing us with thin scotions, We are particular I+
indehied to Professor ). Zussman [or his enthusiasm and encourage
ment Lo us Lo undertake this work and to Dr. 5.0, Agrell of the
Department ol Mineralogy and Petrology of ¢ ambricdpe Universily
who very kindly found. from the Harker Collection in Cambridee, a
aumber of additional thin sectivns. Dr, Aprell and Professor W. A
Deer very penerously agreed 1o look at most of the photographs we
had made and helped us o decide whether they were suitahle or could
b improved, The authors alone are responsible Cor any deliciencies
which are still present in Lhe photegraphs. Weare also grateful to T L
Wadsworth of the Manchester Department for making a number of
usclul suggestions [or improving the descriptions of the photo-
micrographs but again we alone are responsible for any crrors which
maty appear heve. Finally we are much indebted to Miss Patricia Crook

w

who Lyped the text, not ence bul innumerable Lumes, until we fo
whitl we considered 1o be a compromise between too delailed and
briel descriplions of the pholographs.

We should like to thank the staff of the publishers, particubarly B
Bobhi Gouge, for their consideralion and helplulness in
preparalion of this work



Introduction

The minerals represented here are arranged i the same order in which
they uppear in Dheer, Howie atcd Zossman’s deteodiection (o Roek
Forming Menerele (relevant pape numbers given st the end ol each
eotey i sguire brackeish, except for a few minerals which are not
deseribed by these authors. vie. deerite, howieile, sussmanile, yoderite
and Limprophyllite. The decision as (o which mimerals to include hay
heen based madinly on two consideraiions, firstly, how frequently they
owctr dndd secondly whether a pliotograph can be a useful aid
identificiation,

I the headings Morcach mineral we have lsted the chemical formula
(amplified i some cases), crvstal system, oplicsign, the values of the B
refractive index Nor biaxial minerals and the woand £ ray refractive
indices Tor uniaxial minerals (opether with the birelvinpence, These
figures have been quoted from Dieer, Howie and Zussman’s book with
their permission. The rock type and locality of the specimens are
quoted, where these are known. and the magnifications used in Laking
Ihe photegraphs are wiven. Buch photograph is accom panied by a hrief
deseription of the field ol view illustrated but, in general. only
propertics which can be seen in the photogruphs are discussed. Thus
we hive amilled reference to optic axial angle, sign of clongation and
dispersion. In mosl cuses at least two photographs have been made for
eachmineral, one in plane-polanzed ght and the other the same view
under crossed polars. 1T the mineral s pleachroic we hyve reproduced
o photographs in plane-polarized light with the pelarizer in two
oithogenal positions. [n the case of isatropic minetals we have tended
L ol The view taken under crossed polars,

With [ew exceplions the polavizer has been sel parallel to the edpes
of the phetograph but we have not made much vse of this fact since
discussion of extinction angles s omitted except in the case of the
plagioclase feldspars, because this would necessitate reproducing a
tumber of photographs taken under crossed polars, Io ocder 1o show
plecchroism, we have used rotaoon of the polarizer rather than
rotation of the stage of the microscope for two reasons. Firstly, this
mitkes it easier (4 compare the photographs and ohserve the change in
coleur shown by any one orystul and secondly it has been done to
encourage the use of this method for detecting weak pleochroivm,

Although we have adopied the procedure of retaining the thin
ection in the same orentation forall three photographs, this has ong
disadvantage. I there are only a few crystals in the feld of view, or the
erystals have a strong preferred orientation in the rock section used, we
hitve been unable to show the muximum change in absorption celour
on rolation of the polarizer through 90° since the extreme absorption
colours are shown by acrystal when its vibration divections are parallel
to-and perpendicular to the polarizer, In these positions the crystal
would be at extinction when viewed under crossed polars and ideally
we-wish Lo show the characieristic interference colours near to their
maximum intensity. We have not specified in which of the (wo

orthogonal positions the polarizer is set in the photopraphs faken
plane-palarized light,

As mentioned above we have quoted the numerical value of |
bircfringence for each mineral, but in the description of
photograph we have generslly referved to the order of the interferes
colour, To enahle the reader Lo translate barefringence to o particu
colour we have included on p, via photograph of g quartz wed ge w
a birefringence seale along its length, $his showld not e wed o
Michet-Léve chart since the thickness of the section (s not taken i
account, il being assumed that the section is of stundard thickness,
DA mvm. Thos the mineral names are reproduced wgainst the highe
order colour which they show in a thin section of standard thickn
rather than opprosite radin] lines which show the vanation m cole
with thickeess and borefringence of the mineral as in o Michel-Le
chart

The faithiul reproduction of the interference colours of minerals
thin section orin d quarls wodee as seen under crossed polars, deper
Lo o larpe extent on the Lype of film used and also on the pring
prowess, Some of the Michel-Lévy charts that have been publish
depart slightly from the troe colours amd one fault which is fa
commaon concerns the middle of the second-order colours wher
broad band «f bright green is sometimes shown between blue a
vellow. Obsecvation of a guartz wedge under crossed polars reve
that the second-order colour belween blue and yellow 1s a rather p
green in contrast to the fairly deep green in the thicd order. Only
minerals which are colourless and have neglipible dispersion, is
possihle to distinguish these two greens and cven then only af
considerable experience. In some of the photographs of minerals
moderate hirelvinpence the cdge of the crvstals can be seen Lo
wedge-shaped and thus the order of the interference colour can
determined fairly readily,

Some of the common minerals which are usvally considered diffic
to identily (e g, cordierite) are represented by more than one ro
scctton iF we considered that additional photographs would give
better idea of the varialions in appearance which may be expected
different rocks or 1P was impossible. in one field of view, 1o illusts
the different properties which we wished o show.

In a few cases the photographs tuken in plane-polanzed light shy
pale pink and green colours due 16 strny polarization produced int
photographic equipment: when such colours are present we have not
this in the description of the photograph.
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Birefringence chart

Microcline Sanidina
Vasuvianite
Quartz
Eudialyto
Axinite

Apadite
Anorthoclase
Corundum
Chlorite
Andalusite
Arfvndsonits

dadaite Mslilite Plegiocinsa
Staurolite Wollnstanite

Zoisite

Topar

Hyanita
Sarpanting
Cordiarite
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Chiaritakd Pumpellyite

Glaucophano

Cancrinite

Harnhlandes Yoderita
Tremolita-Farroactinollte
Anthophylite-Godrite Mullits

Dmarite

Auglte HIJ-'HIﬂ“
Chondrodite
Forsterite
Allanite

Lamprophyliita Prahnite

Pectalite Scapolita

Cummingionite-Grunarita

Epidots Muscovite

Aagirine-Augite Pyrophyllita  Tale

Fayalite

Orthopyroxore

Sillirmmnitn

Tourrmaline



Olivine
Mg, Si0, Fe,Si0,

Symmetry = Orthorhombici « pi )
Rl E ['651-1-Had
Birelrmpenve = (4035 0052

The alivines Farm a complete sobid solution between the
maggmesian cnd-member, Toesterile, und the iran end-
member favalite.

These photographs show twe olivine phenocrysts in o
fine-graimed proundmass of plagoctase feldspar, pyr-
oxene and iron ore. The upper photograph, taken in
plane-poliriasd lighl, shows the tvpical shape of olivine
erystals: the ieregular crucks and slight alteration along
the cracks are characlenstic of this mincral: there are
signs al cléavayge along the length of one of the crystals,

In the lower phetograph, raken under crossed polurs,
one of the crystals s col very nearly pecpendicular (o an
oplicaxis und so shows o very low inlerferenees col o 1t s
an anamaleus brown cansed by dispersion of the optic
axes. The other crystal shows a second-order blue on the
nm whereas the main part of the crysial shows aslishtly
fower cedour, The higher hivefringence on Lhe rim of the
eryatal i an mdication of o higher iron content, The
reverse elfect, vie, lowering of the birefvinpence colour
due to the wedge shape ol the crystal boundacy, can be
sen on Lhe Botlom edee of one of the elivine crystals and
ale one g clinopyroxens phenocryst part of which just
appears at the bollom of the field. 1]

Specitien fron ankearcrite, Mauna Bea, Howail, imaenif-
carion 44,




Olivine

Olivine
Mg, 510, -Fe, 510,

Symmetry = Orthorhombict +){—»
RI [ = 1651|568
Birelringenue = HIEE0052

The obivines form a complete solid solution betws
maenesiun end-member, [orsterite, amd the oo
member Gayalite.

The upper phologragh, taken in plane-polanzed
shows clivine (hrownish-green colour, ocoupying w
the field) mtergrown with a calcic plagioclase. Th
reficf of the olivine against the feldspar 1s nolives
puile colour in olivine seen in plane-polarieed i
common but 1 does not show pleochroism — the
iromi-rich members of the series show a yellowish-|
colour. The cracks in the crystals are guile charact
a5 15 the slight alteration of the nuneral along the o

In the lower photograph, aken under crossed |
the imterlerence colours are mostly second orde
highest colour showing in this view is the vellow
small crystal just above the centre of the ficld
colours indicate 4 magnesium-rich olivine sinee bi
gence colours well into the third order are only s
olivines with high iron contents. [ L]

Specimen romm pabbra picrite. Bovder (raup, Skoe
artision, Eavt Crreenlond magrification « 23,



- Monticell

Monticellite

CaMgsiQ),

Svmmetry = Ohrthorhombic{ - )
Rl ] = |-{db-]-66d
Hirefrimpence — 0120020

In the upper photograph, taken in plane-polarized light,
the deminant mineral is monticellite with subordinate
waleite, In plane-polarized light the caleite can be
recopnized by its pood cleavage and twin lamellae. The
high relicf of the monticellite against the mounting
material can be seen at a small hole near the wop edee of
the slidz.

In the lower photograph, taken under crossed polars,
the interference colours are seen Lo be low first order: (the
highest colour seen here is the orange-yellow colour. I
aould be remembered that in rocks withoul quartz or
feldspar present it is sometimes difficult to judee the
correct thickness ol section and this section may bhe
slightly thin.  [10)],

Spevimen from aonticellite-spinel-phlosapize rock, Bur-
aavaee, arlimg ford, Eive, macaification « 32




Chondrodite

Chondrodite

Mg(OH, F),-2Mg, 510,

Symmerry =  Monoclinic { +}
24 B o= 16021627
Birefringence = {F02H-0-034

Although members of lhe humite group, of whicl
chondrodite is-one, are requently yellowish in colour, i
this casc the chondrodite s nearly colourless in Uhir
section. In the upper photograph, taken in plane
polarieed light, the bigh relief is distinctive, as also is the
luek of o good cleavage. Here 1t is shown intergrown witl
caleite (hroawnish colour) and teo erystals of mascovite,

In the lower photograph, taken under crossed polars
the muscovite crystals show a bluish-yellow mterterence
colour, while the caleite 15 grey or dark grey, Multiple
ewinning is shown 16 two of the crystals of chondrodils
und Lhis is a characteristic of the moneclinic members o
the humite group.

It may be that this seenon 1 shghtly thin hecause th
highest interference colour i this field 15 the first-orde
ved shown in the crystal in the lop right part of the field
and from ithe birefringenee we should expeet o se
colours up 1o second-order red {see photogruphs o

p.51L Q11

Specteren from marble, New Jeesey. USA: miagnif
eretian = 20




' |

Chond rodite-

Mg(OH. F),-2Mg. 510,

Spmmelry = Momroclinie {4
It E] [-e02 |:627

~ Birefrinpence = (0280034

In thes section o concentration of chondrodite, pale
vellowish colowr under plane-polurized light (upper
photegraph], 15 shown inlergrown with 4 garnet (hbrown).
The yellowish colour which characterises the members of
she fomile group s very pale bere so thal § separate
photppraph Lo show the pleochrosm has nol been
mcluded. Some of the cryvseals show sipns of poor
cleavane,

In the view under erossed polacs (ower pholoeraph).
(he twinning which characterises the monoclinie member
ol this series 15 well illustrated and the interlference colours
exlend up Lo mididle second-order. The garoet i this rock
i grossular and it can be seen Lo be slightly birefringent

In addition te chondrodile this rock alse containg
chinohumle but, sinee s brefringence s in the same
fange as thst o chondredite, they can only be distin-
euishied by the Tact that the clinohumite has o higher
refractive index. | 173],

Specimen from marble, Kilehrist, 86ve, Scarland: meagnifi-
e 2N,

Chondrox




Zircon

Zircon

ZrSi10,
Symmetry Tetragonal { +)
Kl w = |23 DA

i = 19882015
Birelrimpenee = (2 (k06

Aircon commonly occurs in vather small eryslals but 1
easily noticed because of ils very high reliel, The uppe
photograph. taken in plane-polariced Lght, shows rathe:
large aircon crystals associated with sphene in a fine
gramed groundmass manly of feldspar. Sphene also has:
very high relieland i this photopraph it is very diffcolt (o
distinguish from the zircon, The good cleuvages in Arcor
are well displayved n some of the eryslals,

Ir1 the lower photographs, Laken under crossed polars
most of the zircon crvstals show high interference colour
except for the crystal 1o the left of centre which shows tw
cleavages al night pogles. This crystal is cul almos! at righ
angles to the optic axis and hence the Tow interferenc
colours. The sphene crystals cun perhaps be more easil:
identified in this photograph because of their much highe
hirefringence and by the presence of twinning (top of fiel
of view in centre and Lo the right of zivcon showing lev
birelvingence). |13}

Specimen from yegregeiion nospende-pegmatite, Kol
peninynfo, USSR mogndfication = 28,



Sphene

CaTiSi0,(OH, F)

Syrnmetry Monocline [+ )
il [ = |81 2034
Berafrimpence = Ak 1IN |92

Sphere s a relatively casy muneral to dentify because it
commonly Torms diamond-shaped covstals of very high
reliel having o brown or red-brown colowr, These features
are well shown in the upper and middle photographs
taken in plane-polirized light These crystals are pleo
chroie and stmple twinning 1= common, The mincral
intergrowa wilh sphene in this section is alkali feldspar

The leeer photograph. taken under crossed polars,
shivws o numbier o erystals near he extinetion position
bt those which show double refraction have a colowr
wery similar to the absorption colour seen under plane-
polarized hight. This is due to the extreme bircfringenee of
sphene such that the interfeorence colours are very high
orler, 1e. almost white hight. In crystals withouot The
clirgctesistic shape this faet s useful for identbi-
citon, [17].

Speciment from sphene-rich rock . Kola Perinsada, USSR
magnificeation x 20,




Garnet

(Mg, Fe, Mn) AL SO,
almandine group

Cay(Al, Fe, Ti, Cr),5i,0;.
andradite group

Svimetry = Cubic
Rl i = 714 1-B8T

A consideruble range of compositions is possible o
parnets and hence the range of refractive indices quoted
Fhey are very commanly euhedral or subhedral in shape

The upper photograph shows o number of subhedra
garnct crystals, of the almandine servies, intergrown witl
quarls and mica in a metamorphic rock. The garne
stands out quite clearly from the other minerils becaus:
of its high reliel and brownish colour, I shows inclusion:
of the groundmass minerals and this 35 o very commo
feature.

The middle photograph shows the same view unde
crossed polars and the parnets arc scen to be isotrop
{some garnels are hirefnngent and may show zoning an
twinning revealed in the low birefringence colours, ser
lower photograplh, p.5).

The lower photograph, taken in plane-polarized lighi
shows a melanite garnet { Te-rich andeadite) in an alkalin
ignecus rock, Ns deep brown colour is rather unevenl:
distritristed but 11 shows soning al the edges of the covstals
the euhedral shape is wvery characteristic. The othe
mineral in this section is allered alkali feldspar,  [21]

Lippier el middle AR front parner mica schist,
Pitlachry, Seatfond, magmification = 11 Baottom specimier
Sfrom segregation i nepheline spentie, Axspad, Seotlan
azgrarfication = 20,



Vesuvianite {ldocrase]

Vesuvianite
(Idocrase)

Ca,o(Mg, Fe)yAl,SiOy,(OH, F),

Symmetry = ‘letragonal{ )
Rl £ =TT T4

w = |-703- 1752
Birefringence = (-1 -0

o the wpper photograph, Laken in plane-polarized light,
ane crystal ol idocrase occupies most of the field of view.
Its shight yellowish-brown colour can be seen in contrast
1 few holes in the section, 115 very high relief can also be
‘ seen agains! the mounting medium,
The lower photograph under crossed polars shows the
| eharieteristic low anomalous interferenoe colours and the
vague signs of bands in the mterference colours is also a
fairly common feature of large crystals and is an
indication of zoning, There is no sign of the poor cleavage
i this crystal. The anomalows interference colour is due
to strong dispersion and 15 the most uselul properly for
ientifying this mineral; it commonly occurs with
grossilar garnet which may also show low bircfningence
colours and sometimes the two minerals are diflicult to
distinguish,
The preen crystals at the lower edge of the lield of view
and the small green inclusions in the vesuvianite are
alkaline amphibole.  [32]

Kpecimen from unkawn focatit)y, magnificatiog = 25.




Sillimanite

10

Sillimanite

ALSIO,

Symmelry = {drthorhombic (1)
Kl g = 16381662
Birclringenye = (-020-0-022

In the upper photograph, taken in planc-polanzed light.
all the crystals which stand out in relief are sillimanite
which shows clearly against the cordierite with which it s
intergrown: al the top lelt-hand corner of the photograph
a vellow halo can be seen m the cordierite (g.v.} In this
sechiom the sillimanite has a strong preferred orientation
such that most of the crystals are cur at right-angles to
their length-and show diamond-shaped cross-sections dus
to the faces of the 4 1104 form: the (010) cleavage is well
displayed in some of the crystals,

The interference colours shown in the lower photo
graph are generally low singe the highest colours are
shown in crystals cut along the length of the prismatic
crysials (see p.11), Crystals cut so that the (010) cleavage
is sharp and well defined should be in extinction when
parallel to the edges of the photograph. A Few erystals cut
parallel to their length show second-order colours.  [34].

Specimen from garnet—cordiorive silfimamite press, Thayy
Madagaycar, magnification = 40,



Sillimanite

ALSIO,

Symmetry = Orltherhombic{+4)
R B = 1-638—]-663
Birefeingence = (0200022

These photographs show lath-like crystals of sillimanite
which sland oul in high reliel against the cordicrite with
whichitisintergrown, Within the cordienile are numerous
small needle-like crystals which are also ol sillimanite;
bimches of very long narrow crystals of sillimanite are
lermed Abrolie but the concentration of needles is
manllicient Lo justify the use of this term here.

I the lewer pholograph, taken under crossed polars,
thie seeiond-order purplish-blue imterference colour is near
ta the mazimum colour shown by sillimanite, Sillimaniie
is difficult to distinguish from maullite (g.v.) but mullite
does nol oflen cceur in crystals as large as those
illustrated here and s resiocted (o very high lemperature
contiet metamorphac rocks, |34,

Sﬂﬁhrmfnm cordierdte-siflimeantie gnedss 11 kme sonih af
Hhy, Madagasear, magnification = 68,

Sillimani




Mullite

Mullite

ALSi, 0,

Swimmelry =  Orthorhombic( + )
RI [ = |-6d2-1-675
Birefrinpence = O-01 24028

Mullite usually oceurs in very small needle-hke erystals
The upper photograph, laken in plane-polarized light,
shows mullite crystals within a large crystal of anorthite
inotice the high mugnification used for this photograph)
These crvstals have o very pale pink colour in this section
bul the pale pink in the background is probably due 1o
stray polanzation. The rock 14 buchile and the two very
dark brown patches in the field of view are of glass.

In the lower pholograph, taken under crossed polars,
the black lines parallel 1o the vertical edge of the
photograph are plagioclase twin lamellae in the extinction
position and in this photograph these could easily he
confused with mullite needles, The interference coloun
shown by these crysials of mullite are nol oas mgh a
expected and thisis caused by the fact that the crystals ae
thinner than the total thickness of the =ection. The
interierence colours of mullite in g section 0-03 mm thick
should be aboul the same as those of stthmanite.  |37]

Specitnen from buchite, Rudh' a' Chromeain vilf, Ruow uf[
Mull, Scorland, meagnification = 164,

1z



- Andalusi

Andalusite

ALSIO,

svinetry = Orthorhembic (—)
4] B = 16331653
Bireinmgence = e008 (011

The upper photegraph, taken i plane-pedarized light,
shows one rectangular porphyroblast of andalasite in a
finc-grained groundmass. The two cleavages approxi
mately at nght-angles to one another can be seen. In the
centre of the crystal there 13 a rectangular aren Tull of
inclusions and radiling lowards the corngrs of the crystal
thera are concenlralions of inclusions. This variety of
andalusite 5 known as chiastolite: because of the
crciform pattern formed by the inclusions and it is (airly
common in low-grade metamorphic rocks.

[o the lower photograph, taken under crossed polars,
the cruciform patiern is still visible and the characteristic
low-order interterence colour is seen,  [38].

Specisese from chigstolite slave, Pabe Deerice, Ensland,
mermiftaiion w44,




Andalusite
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Andalusite

AlLSiO,

Symmelry = (rthorhombic{—}
Rl B 16331653
Birefringence = 0009 G011

In Lhin section andalusite sometimes shows a pale pin
pleachroism and if seen 15 fairly diagnostic. A pa
brownish-pink colour van be seen in the upper phot
graph, taken in plane-polarizcd light, and its uneve
distribution is characteristic. The high reliel again
quarfzis noticeable, There is i large area in the slide to Lk
right of centre of the photograph where the relief of i
andulusite is also obvious — this 5 a hole in the th
sEch.

'he absorption colour affects the low first-ord
interference colour so that the sume patchy distribution
vigible under crossed polars (lower photograph). And
lusite has vao good cleavages, (110) and (1 10, il
mast sections show al least one good cleavapge. The kreig
interferenee colours in this photograph are due to sny:
erystals of museovite,  [38]

Specimen frome coniael rock Ardara pluton, Do
freband: magnification = 20,



Andalusite &
Sillimanite
intergrowth

L the upper photograph, taken in plane-polarized hight,
most of the ficld 15 occupied by one cryvstal of andalusite
with a few inclusions of bictite and of quartz. The {1 10;
cleavages of the andalusite can be seen approximately at
righi-angles to each other and parallel to the edges of the
phatograph. Intecgrown with the andalusite are numer-
ous diamond-shaped crystals of sillimanite with the (010)
cleavape bisecting the ungle between the andalusite
cleavapes. The two minerals were probably Tormed at the
same timeand the coincidence of the z axes of the crystals
reflects the simularity of thewr structures, The difference
in refractive indices of the two minerals is not sufficiently
ereal toshow much difference i relief in this photograph,

Under crossed polars {lower photograph) both the
andalusite and sillimanite show low interference colours
but the colour of the sillimanite is lower than that of
andalusite despite the fact that sillimanite has a preater
tirefringence than andalusite (the vibrution direclions of
bath minerals are at 457 (o the edges of the photograph).
In this oricntation both minerals show centred acute
bscximy inlerferences Gpures,  [34][38)

Spevimen from contace rock, Bendoran Corttage. Ross of
Mull, Seovland; magnification = 3.2,

Andalusite & Sillimanite intergrowtl




Kyanite

Kyanite

ALSIO,

SYITIeLryY = Trichne{ =}
[t i = 71723
Bircfringence = ARD| 20014

I these photegraphs kyanile oceurs along with quart,
and biotite. In the upper photograph tken in plase
polarized Hght, kyanite is easily recognized Py ity high
relief compared with guartz and by (he fuct that the wel
developed cleavage appears very dark, It has bewm
suggested thal the appearance of kyanite resembles 4 sted
ruler with black cograviee murks, simee the QT el
parting parallel o (001) is frequently visible almost al
right-angles to the length of the crystals,

L the lower photograph. taken under crossed P,
the bright smterference colours of the biotile contrast with
those of kyamite. Unfortumately this section is vty
shightly-thick so that quartz is showing a yellowish Eirig
hence all the other grains are showing slightly hiple
inferference colours than expected: one hall of o twinne
kyvanite crystal shows g colour close o the sensilive e

red,  [41].

Specinen from kvanite gueiss, CGlen Drgubors, fnverneis
wheire, Seatiand, dragTficaiion = 10



Topaz

ALSIOWOH, F),

Syrmel Ty = Orthaorhombic( + )
Rl i) = Lotk 631
Birefmngence = HA0E-0-01 1

‘The upper photograph, taken in plane-podacized light, s
of # tepae-quarte rock, The gquartz s full of many tiny
inclusicns whereas the Lopas, which stands out i rebiel
apaimst the quartz, is relatively ree (rom inclusions. 'The
perfect (1] cleavage of topar s visible in one of the
Crystals,

In the lower photograph, iken under crossed polars, il
15 difficdll 1o distinguish the topag from the quarts sincy
their birefringence 15 almost wentical, The narrow white
veins an (e borders of the topaz crystals are muscovite
and this could be an indication of the presence of topaz
since topaz s frequently  accompanied by mus.
covite. 45,

Specimen from topaz-tourmealing goariz rock, Blackpoal
Ciiee P, Cormwantt, England, magnification = 32,

Topa.
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Staurolite
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Staurolite
(Fe, Mg}, (Al Fe),Si,0,,(0, OH),

Symmelry = Monochnic
{peendo-orthorhombic) {4 )

1l B P74s 1753

Mirelmingence = (012040014

[he upper and middle photopraphs show porphyraoblast
of staurolite wilh biotile in a fine-grained mass of quurt
and feldspar. Pleochroism of the staurolite from vellow to
pule yellow 1s shown 1o few of the erystals. The loeeng:
shape ol some of the stavrolile cryslals s Depical and the
high reliel against the groundmass s well illustrated |'|j|l
the almost black edges of the cryatals.

i the lower photograph. taken under crossed polars,
the low interference colours can be seen, the large brown:
coloured covstal may owe ity coloor toa combination of
the absorption colour and a first-order red. [nelusions az
seen here are very common in staurolite,  [49],

Specimen from viowrolite sefiis, Waddy faoke, Saskay
cfiewan, Canada, maeriftealion = 20,




Chloritoid

(Fe, Mg),ALSi,0,(OH),

svmimetry = Muonoelinic or triclinic { —yor{—)
Bl R R L s &

Birefringence 406 (422

The upper and mukdle photographs, taken in plane-
polarzed light, shosw a number ol ohive-green crvatals of
chlontond m which the strong pleochroism 1o o pale
yellow colour can be seen by comparing the two views
wilh the polarizer in orthogonal positions. Lo this rock
chloritond 15 inlergrown wilth muscovite and quartz; a few
garnel crystals are also wisible, The high relief of the
chloeitoid shows up agamst the mica bul it has lower relicf
than the garnet. These sections have i preferred orient-
atiom and are cut nearly at right-angles o the perliscl basal
cleavage and hence the strong pleochrodsm. Sections cul
parallel to {004 ) have only weak pleochroism.

In the Jower photograph, laken under crossed polars,
the interference colours are shightly anomalous Tor twe
tedsoms, viz, the absorption coloars and fairly strong
dispersion, Mo twinning is visible in any of these crystals
although  chloritoid 15 commonly multiply-
twinned. 33|

Specimen from sohivi, fle e Gienls, Brivtany, Fronee
mamfearing = 43,

Chioritoi
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Sapphirine

(Mg, Fe),ALSIO,,

Syrmetry = Monoclinig (—pord 4+
ikl B = =R
Birefringence = (005 II-I:HIT1

tn the upper and middle photogruphs the sapphinm
erwstuls are recogniced by (heir colour, which in this cas
15 plecchroie from an mdigo-blue to a brownish-yellos
coleur, [nthis rock its high reliel shows up quite well bl
there are other high relief minerals in he Geld, viz game
{larze crvstal at top lefi-hand corner of the field) and
orthopyroxene (pinkish crystals at hottom righel. Th
central part ol the field of view s a symplectl
intergrowlh o cordierite and orthopyroxenc. Biolite un
guarty are the other minerals present.

Under crossed polars {lower photograph) the i
terference colours scen in the sapphiring are influenced b
the absonstion colours and the low birefningence pro
dluces anamibons bles,

Carelul study ol the clear areas reveals vellow ples
chroie baloes i the cordierite and the sapphirine cryse
inn he lower el purt of the tield of view is surrounded b
mltiply-twinned cordierite iga ), [57)

Npecimen. fram sehese, Fal o Codera, Iy, agni

certion = 27



- Eudialyte

Eudialyte

(Na, Fe, Ca),£r51, 0, .(OH, CI)

Svrnelry Trigomal (+ For{—)

Bl w = 1543|643 e 4 '-f_
L L5397 A4

0000 e 0010

Birelringenoe

In the upper photograph, taken in plane-polanzed light,
i number of enhedral crystals of cudialvte show up in
retielipainst analeiie with which 1 is surrounded. In this
phatograph the substage diaphragin has been left fairly
Wide open - 1f it had been more fully closed the reliel’ of
gulafvte would show more strongly against the analcite,
The lower photopraph. taken under erossed polars,
s e characteristic fextures of cudialyte which are
{rhihe uneven distribufion of low-interference colours, a
distnbution which s not alwavs clearly related 10 a
orewth strneture and (B) the dark veins ol an slleralion
prodoct, Fudialyte 15 eastly noticed n hand specunen
hecause it 15 almost alwavs red or brown in eolowr but in
thin section the colour, il present. s gencrally pale. The
crystal at the top lefi-hand corper of the Leld s alkali
feldspar which here shows o palchy extinotion el
dissimilar to that of the eodwalyte: the three preenish
crystals in the field of wiew are of an alkal
amphibole.  |59).

Specinen from red & etk e Hirmereewyoy trefrusion, West
(vt agnifteation = 4.2,




Zoisite
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Zoisite
Ca, ALSLO, L (OH)

Symmerry = Orthorhombicd+)
14 B = LHEE=1-TI0
Bireiringence e e SR

The upper pholograph, taken in plane-polarieed |
shows a number of shorl prismatic crystals o 2
intergrown with quartz and a small amount of feld
I'he high relief of the zoisite against the quarts s oby
There is a supgestion of a cleavage paratlel 1o the leng
one crystal au the botton lett,

Under crossed polars (lower photograph) the
crystals show an anomalows blue interference o
somewhat unevenly distributed and this is characte
of both zeisite and the monoclinic mineral elimeso
they are distinguished by the fact that zoisile s
straight extinetion in all sections: This sample 18 20
although none of the crystals shown here 15 ox
parallel to the edges of the photogruph,  [61],

Spectmen from zolsite schist, Glen Royp, Inverness-
Seotland, magnification = 60,



Epidote

Ca,Fe?'ALSI, 0, ,(OH)

Symmetry =  Monoclinic( —)
RI P —  |-725-1.784
Hirefrinpence (RO 5 (0as

The colour of epidote in thin seclion (yellow or preenish-
welliw ) 18 0 lealure which enables i 1o be wdentified Garly
reatily since The number of common minerals which are
yellow in thin section is not great: The plecchrodsm is
shown by eomnparison of the upper and middle photo
graphs taken in plane polarized light n which some
arystils chanee rom coloorless Lo vellow, The presence of
pgood cleavaze can be seen ina lew erystals. The reliel of
epidote shows agamst the guanz in the upper right part of
fhee field but the sub-stape dinphragm was rather wide
open when these pholographs were Laken.

The lower photopeaph shows the same view taken
under crossed polars and the bright interfercnee colours,
rither unevenly distributed, arc very characteristic,
[63].

Specimen from cpidatized basalt, Michigan, L84, magnifi-
pafion = 32,

Epidot



Piemontite -

Piemontite
Ca{Mn, Fe, Al),Al5,0,,(0OH)

Symimeiry = Monoclinig ()
Bl B = |-750-1-807
Birefringence — (025 0088

Although not a very common mineral it s included here
because of its spectucular pleochroic colours. vie, yellow,
carmine-red and violel or amethyst. This is well shownom
the upper and muddle photographs taken with the
polarizer in ol hogonal positions in planc-polarized light
Lhe perleel cleavape does not show up well in this sample
nor does the tendency for the crystals Lo be elongated.

The lower photograph shows that the interference
colours are masked by Lhe absorption colours and are
s dominantly red. Two orystals show simple twinning
and another shows one thin twin lamella. The intererown
muneral (showing the characteristic amphibole cleavages)
15 a pale coloured manganese amphibole which although
pink in hand specimen i3 colourless i thin seclion.

This distinctive pleochroism is nol an indication of 4
particularly high content of mangunese: the manganese
learing variety of epidote called (hulite shows the same
colours as piemontile,  [63]

Specimen from plentortite—gnarts reck, Mownia Hiol
Tarezinrir” marEmificaiion « 42
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Allanite (Orthite)

(Ca, Ce), FeALSi,0,,(OH)

Symmetry = Monochmc{ —)or (4}
Il g S | A
Birefrimeence = 00130036

The upper photograph, twken in plane-polarized light,
shows the brown eolour of the mineral which is
characteristic as are the dark eracks. The radigactive
elements contamned in this mineral cause a hrown halo o
the surrpunding rock duc Lo radiation damage but there 15
mo sipn af this in the thin seclion. Allanite is generally
alightly pleochrie in shaces of brown,

The lower photograph, taken under crossed polars,
shows i erystal of biotite enclosed 0 the larper allamie
erpstal. These allanite cryvstils are muoch larger than are
commanly found, The other two mincrals visihle in ths
sction  are micrechne  (larlan lwinnmg)  and
Guartz, [68],

Swecimen from seanite, wear Mondafaly, Madaeascar,
mienification = 28

Allanite (Orthite




Lawsonite -

-2 Lawsonite
CaAl,Si,0,(OH),-H,0

Symmetry = Orthorhombic ()
RI B = 1674
Birefringence = 0020

The upper and middle photographs are of the same field
of view, one in plane-polarized light, the other in crossec
polars. The field is almost entirely occupied by lawsonits
and the feint pleochroism 1s shown by the slight differenc
in colour of the crystals in different orientations witl
respect to the polarizer: many of the crystals show one of
the two good cleavages. The birefringence is moderate sc
the interference colours extend up to second-order an
this is shown in the photograph under crossed polars.

The lower photograph made from the same thin sectioi
was taken under crossed polars to show multiple twinnin
in lawsonite (large crystal in the centre of the field). Th
mineral at the top right corner of this photograph i
glaucophane and it is shown here since the occurrence o
lawsonite is restricted to glaucophane-schist facie
rocks. [70].

Specimen from glaucophane schist, Valley Ford, Calife
nia, USA. Upper and middle specimen; magnification x 2
Lower specimen with twinning,; magnification X 27.
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Pumpellyite

Ca,(Mg, Fe)AlSi,0,,(0H);-2H,0

Symmetry = Monoclinic (+)
RI B = 1-675-1-715
Birefringence = 0-012-0-022

The whole field of view is occupied by pumpellyite except
for the clear areas which are voids between crystals and
here the high relief of the mineral shows up clearly. The
upper and middle photographs, taken in plane-polarized
light, show that the mineral is slightly pleochroic from
yellow to pale green and this is fairly characteristic of this
mineral - the more iron-rich specimens being more deeply
coloured. There are signs of cleavages in most of the
crystals since pumpellyite has one perfect and one good
cleavage.

In the lower photograph, taken under crossed polars,
the interference colours range up to second-order blue but
the feature which is most noticeable in this photograph is
the ‘oak leaf” shape formed by the crystals lying
diagonally across the centre of the field. This habit is
found mainly in vein occurrences of the mineral but when
itis seen it is diagnostic. [71].

Specimen from glaucophane schist, Tiburon Pass, Califor-
nia, USA,; magnification x 44.

Pumpellyite



Melilite
- Melilite

Ca, ALSIO.—Ca, MeSi,0,

Svmmelry —  Tetraponall  Jor(+)
RI w o 16691632

; ; |-658-1-640

N Biefringence —  0-000 0012

'..

The upper and middle photographs are of melilite, in
uncompahgrite, 4 rather rure melilite-rich rock, o
photograph laken in plane-polarized light and the oth
under crossed polars. In this rock the opague mineral
magnetite and most of the rest of the feld s ocoupisd |
melilite. In plang-polarized light there is nothing ve
distinctive about the mineral and there are signs of at le
one cleavage. Under crossed polars however the i
terference colour is very characteristically an anomalo
hlue colour and when his can be seen it is a usel
diagnostic property taken along with the LK
character of the mineral. Zoning of the colour at the edy
of the crystals is also fairky typical.

The lower photograph is taken under crossed poli
and is from o skarn. Here the zoning [rom an anomal
blue to an anomalous hrewn colour i obvious.

The refractive indices guated above nre Tor the twaen
nembers of the melilite series but the birefringenos of 22
s for g member of the solid solubon containing alme
equal amounts of the two end-members.  [72].

Upper and middle specimens from wncompahgrive, L
pahgre, Colorado, USA. magmifrcation x 43 Lower 5
men from melilite phivgopite—clinepyroxene rock, Grm
Trivk, Carlingford, treland. magnification » 72.




Malilite

Melilite

Ca; Al S10,—Ca, Mg8i, 0,

Spmmelry = Tetragonal {(—Jor {4}
k1 w [Hod | G372

i —  |'0S8 o4
Rirelrinpence = Q000013

The two photographs shown here are of melilite inoan
alvine-melilitite, the upper photograph taken unde
plane-polarized light. In this view the melilite crystals
resemble laths of plagioclase i the groondmuass of 4
basalt {with microphenocrysts of olivine) excepl that Lhe
melilite crystals commonly have a dark Hoe alemg the
centre of the [aths — seen only i a lew crystals in this view
due i ancluded groundmass.

Under erossed polars {lower photograph) the anom
alons biue colour zoned tooa while colour s quite
digtimetive and a5 a Gorly certmnmimdicaion of mebilite. The
erystals showing yellow, red and a normal blue -
terferenes colour are olivine. The beown crysials, best
seems in the view in plane-polarized light, at the battom lefl
ol the field are of perevskile. The presence of perovekile i
iclue fo the occorrence of melilile and vice-versa,  [72).

Specimen from ofivine melifiviie, Kaotwnga, Upands,
mapnification =« 83,
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Cordierite -

Cordierite
(Mg. Fe),Al51:0,

o i 4 ] gt “': i Svmimetey —  Orthorhombic] - Jar ()
e II p O . R =
TS * ¢ i o e ‘5;3/ RI B — |-524—1-574
i T o SRl -
£ 5 | -3 f s g v e
Tk o g ‘ Qﬂ"t - « Birclrmpence = A-HESROTR
! T y _
- “{ » P, L =]
e o =" 4 . d 3
i £ iy ! [+ LAY RREE 5 LG ] b u A EANLE
' = SN a I'he upper photograph, tuken in plane-polarized high
AL i = L VTl : ] R ol
S | X - . shows cordicrite intergrown with alkali leldspar, The
el 1| L G i ” s P cordicnte can be recopniced in this seclion by its dusty
ey o o N > P e e gppearance whereas the feldspar s relanvely clear. In
- e N i W, addition there are rresular cracks and veins at the edges
Wl i e . F ‘ &3 - " ' ' C H
4 ! i Yy : N | £9.58 ol The vardienle crystals which are yellowish in colour
; A | ! & Sy S 7 Theseare composed of a mineral which is generally called
i : T -2 i e 1 i iy i prnite and this alteration 1s very commen in cordier e
; Ve F v YN i Iy iy In the lower phologruph, taken ureler crossed polars,
\ ST R § =% - : = the birelringence of the cordierile 15 seen o be very similal
2] ! - ! i 3 ;:_"-“%.; ; : lea Lt of the alkali leldspar but many of the cordients
e . | i 3 # i crystals show lamellar twinning and this causes 1l to bk
-_'.,'f i $ =i, G LA = il g confused  with  plagioclase  {sece. photogruphs  an
b B : g 0 : £ pal). [84].
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Specimen feom sitlimanite—cordieriie preivy, Porr Dauphi
Madawaveer, g iicatiog = 20
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Cordierite
(Meg. Fe), AlLSi;O

Syimmetey =  Owithorhombicd  dor( |
Rl [ = |:524-1:574
Bicefringence —  D5-0-00K

The wpper photograph, taken in planc-polarzed light,
shows most of the ficld occupied by cordicrite with a

mumber ol incloded minerals shewing up in rebiel {the

perfect corcles areair bulbbles and not mimeral inclusions),
Arcund one or two o the inelusions are yellow haloes and
these are plecchroic, the mineral forming the halo almost
in the centre of the photograph was not in the plane of the
thin section.

The lower pholograph. taken under crossed polars,
shows that most ol the held 15 taken op by a lamellar
teanned cordierite. The mclusions which show a second-
order blue interference colour are of sitlimanite and these
doomol produce yellow plecchraic haloes.

The presence ol vellow pleochroie halocs, froguently
seen i cordierite, is one ol the most uselul diagnostic
praperties, e these may not be common i corcheriies i
contaminated igneous rocks inowhich cvelic twinning is
weful diagnostic feature,  [B4]

Apwcimen from cordierite  silliomenile. goneiss, near Thes)
Madapascar, maguification = 72,
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Tourmaline

Tourmaline
Na(Mg. Fe), Al B,Si,O,-(OH, I},

Symimelry ~ Irigonal [ )
Kl L = G101 656

L3 = |:6351-675
Birclringeno: = D421 033

I'he photopraphs on this page and the opposite page are
of thin sections [rom the sume rock specimen. Com.
parison of these fwo photographs, taken in plane
polarized light with the polarzer in arthogonal positions,
shows the distinct plecchroism and zonmg of the
dbsorplion golour. in the lower photograph the polarizer
wias oriented parallel o the shorl dimeosion ol the
phetograph since the maximum absorplion colour 15
shown when the length of the crystal s at right-angles w
the plane of polarization of the light, (The crystils were
et ceiented to show the maximum variation s absor-
ption colour, otherwise in the photograph laken under
crossed polars — see nexl page — they would be in the
calinclion posilion,) The other minerals present ane
quarts arnd alkali feldspar with crysoals of muscoviee at
the Lop el and al the right edge of the feld. Comparison
with the Same view, taken under crossed polars, on Lhe
cppsEile page 5 necessary to dentify the muscovite

[ourmaline shows o wide range of coloors in hand
spectmen; @ browmsh-vellow, green o blue are the most
commuon colowrs seen i thin section, Inignoous tocks it
psually restricted to late-stape acid yarietios bul is very
COMIMAN N MO Amounts in mel umorphosed sediments
The fuct that The maxiomwm abaorpuon coloar is shown
when the lenpth of the crystals is at right-angles (o the
plane of polanzation of the light £ 4 particularly wselul
diagnostic teature when lourmaline is present in Lairly
small cevstals,  [900



Tourmaline

32

Tourmaline
Na(Mg, Fe),Al,B,Si,0,-(OH, I'),

Surmmelry = lrigooal{ )

Rl E = 6l0-1-650
ww —  1'635-1-07%

Birefringenoe = (020035

Thee photearaphs on this puge and the opposite page are

‘of thin sectioms from Lhe sume rock specinen. Com-

parison of these two photographs, taken in plane
polarized light with the polarzer in orthogonal pesitions,
shows the distinct pleochroism and zoning of (he
absorption colaur, T the lower photograph the polarizer
wis onenled parallel to the short dimension of the
photogeaph smee the muumuom sbsorplion colour is
shown when the length of the crystal is at right-anales (o
the plane of polarizacon of the light. (The crystals were
nat eriented 1o show the maximum variation in whsor-
plaai colour, otherwise in the phelograph taken undar
crossed polars — see nexl page — they would be in the
cxtinction position ) The other minerals present e
quartz and alkuli [eldspar with crystals of museowvite al
the top left and ol the rnght edee of the field. Companscn
with the same view, laken under erossed polurs, on the
opposile page is necessary o identify the muscovile,

Tourmaline shows a wide range o colours in hand
specimen; 4 browmsh-yellow, green or hlue are the most
cormnmon colours seen in thinsection, Inipneous rocks it
usially vestiicred to latestage acid varietios but is very
COMIMaIT 10 MINeT amounts 0 me lamorphosed sediments.
Ihe Fact that the maximum o bsorpicon coloar 5 shown
whon the length of the crystals i at right-angles to the
plune of polarization of the lizht 34 particularly useful
diggrivstic feature when urmaling 15 present in Fairly
senall cryatals.  [90].

Specien framl topas—tourmaline—guaeis rook, Bleck pool
Cleny P, Cormvalf, Frachand, mopmification = 260




Tourmalin

Tourmaline
Na(Mg, Fe),Al,B,Si,O,,(OH. I},

Symuietry = Trigonal{—)

El b = 1010 1630
L = ]-835-1-47%

Burelringence —  (R021-0-035

The upper photograph, taken under erossed polars,
shows the same lield of view as dlustriled on the previous
pige. This shows the moderate bigelvingence of Lowr-
maling, 1.e.up to middle second-order colours,

Smee the crystals in this specimen shows a farly strong
prefersed orientation another (hin section was cut at
nght-angles 1o the first and this is shewn in the lhwer
photoataph taken in plane-polarized light, This view
sfiews the trigonal cross-scctional outline ol the Lo
maline crystals and again shows coning of the absorplion
eolours, Sections cut in this orientation can be used 1o
determine the nniaxial negative chacacter of the nun-
eral, {90

Specimen from topas—tonrmaline . quarts rock . Blackpoo!
iy Pir, Cormwal!, Eavland: magniifcarion = 20,




Axinite

Axinite
(Ca. Fe);ALBS1,O,,-OH

Symmelry I'mclinief
El ] = |-681-1-701
Biretrinmence = {010

Ihe upper photograph, taken in plane-polarized light,
shiows almeost the whale field of view is occupicd by axinite
which has a pale brownish colour in this specimen bul no
detectable pleschroism. Most of the crvstals show one or
imore cleavases and Lhis 15 charactenste singe it has four
cleavapes: The high rebiel of the mineral showes up agsinst
i lew holes in the slide.

In the lower photograph under crossed polars, the
birefringence 13 seen to be low, The axe-head shape of the
crystils can be more eleardy seen under crossed polarsand
Lthis shape is Tuirly diagnostic when taken along with the
high reliel, low Birelringence and presence of more than
one cleavage i mostorystals,  [97)

Spechnen from axinite-aetinolite reck, 51 fves, Cormoall,
Enpland, maggnification = 12,




- Orthopyroxene
Orthopyroxene AT '
(Mg, I'e)Sio;

L,

Semetyy = Orthorhembie -+ ori —)
Rl B 16HS53 177
Mindnnpgence = (KR )

la the upper and middle photographs, taken in plane-
pularezed light the coloured high-relief mineral is an
nrthorhombic pyroxene and the most frequently oecur-
fmg composiien s hypersthene, The  characteriste
pleochroism from green to pink isa good indicaton ol the
presence of erthopyroxene. The change in colour may nol
be very inlense but can bedetected most casily by rotating
the pedlarizer thromeeh ¥ as has baeen done here,

The lower photograph, taken under crossed polars,
shows fairly low interference colours, Since the Mg-rich
members of this serics bave the lowest birefringence this s
a lairly Me-rich specimen. The other munerals in this
spatiom are guarte, alkali [eldspar, plagiochise and one
cryatal al bintiie

[eahiould be moted that while the pleochroism is o usetul
dianostic oty ka5 ot always present i orthopy-
Tonencs, [ 1D&]

Specimen fronn eharmockite . oar Fort Deuplin. Moadagas-
car; e iieat ion = 20



Augite
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Augite

Ca(Ma. I'e}Si, 0,

Byrnelry = Monochmc | —)
Il B 1670 1-74)
BirelHngenc: = [ R-1133

Ihe upper photogeaph, tken i plane-pokaried leh
shiows o number o phencerysts ol angite together with
some small Feldspars, and o few altered olivines (vellow-
brown crvstals with black edges) and rounded psou-
doleucites. Zeming in the larger phenocrysts of augite is
vigible i plane-polarized heht becawse of slight difler
gnces i absorption colour and density o smmall in-
clusions,

Linder crossed polars {lower photoeraph) the sonmg i
scen moee clearly and both simple and lamellar twinning
wre obvious, The long crystal at the npper left of the field
shows hour-glass coning s well oy concentric zoning. The
interlerence colours  range up we middle second-order
hlue

[he wlack circular regions were probably leucite
crystals originally but are now mainly analeite:

The mood cleavase vsoully associaled wilh peroxenes
doess ol show upon these crestals, Ths s also troe of the
P renenes e ol The foae rocks, [124

Spechmer front pyendoderelie-bearing . el phoralite,
Highwaod Wis, . Marrana, TS magaifiowtfon = 20



Titanaugite

Aupites which are rch in tianivm vsaally Teve a purplish
or broown colour in thin section, The upper and middle
photographs show erystals of otanaugite taken in plang-
polarized light; they have a somewhat darker colour than
ustal, The plecchromm s guite distinet as also i coning
ef the ataorption coloar. The colourless mmerals i this
rock are sanidine, nepheline snd leocle.

Under crossed polars (lower photography the io-
terference colours are, 1o some excent, masked by the
absarption-colour but the erystals at the bollom ol the
field of view show athird-order green colour and this s
bigher colour than expected from a normal augile since i
represents o birefringence of aboul 004§ the section isal
standard thickness. In this view the white area is almost
entirely sanicdine bul the dark region to the top left of the
photegriph is part of a lencste crvstal.  [120]

Specivnen feorm v te—nepieline delerite. Mischex, Fogely-
B, Crermnan g agrifiontion = 20
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Clinopyroxene & Orthopyroxeng intergrowth

Clinopyroxene &
Orthopyroxene
intergrowth

In the wpper photogeagh, taken o plane-polameed hight,
the dark crystals are pyroxenes and the light crystals
plagiocluse feldspars. In some of the pyroxene crystals 4
Jamullur structure con be seen bul this s more clearly
visible in the lower pholagraph, laken onder crossad
Jroelirs.

The large crystal just above the centre of the fizld of
view wus origimaally § pigeonite and inverted & un
orthopyroxene (dirk-brown interference colourtcontitn
g lamellac of clinopyroxene (ereen) paralle] to (001 ) of
the origingl pigeonie: Gne lamellae of chinopyrosens
(white) are oriented parallel o (L) ol the orgnal
pacecnite. The crystal an the tap lel-hangd corner of the
photograph s o sinular inverted pizeonite  the coarse
chimopyrosens lamellae are blue but the fne Tamelbae are
omly just visihle

The simply-twinned erystal in the lower pact of the fiehl
of view (violel and reddish-yellow interlerence colours) s
delinopyrosene tenmed on (100 and showing exsodution
Tamellaes af o thopyroxene o T&i,ecnnitn:. [110H ] 124]

Specipen froon worite, Busivelds intrasion, Sour® Afeiea,
rrcagrificatior w 24,




Aegirine-augite

Aegirine-augite
(Na, Ca) {Fe, Mg)Si,0,

Svmmelry = Maonoclinig{—1or{ 4]
Kl R = JA01-T80
Birefringence = (030 0:050

The ppper and mcldle pholographs tiken o plane-
pilarieed Beht show the green to brownish-vellow colour
and plecchroism which are diagnostic of sodium-bearing
peroxenes. Zoning shown by variation in the absorption
calaur is Fairly common in such pyroxenes, Most ol the
erystuls show only one of the peclect <110 } Cledvages but
# small crvslal embedded in the green mass o he right of
the field shows both cleayvapes clearly,

The lewer pholograph, taken under crossed polars,
shows the hirefringence associaled with this mineral, The
distincrion hetween o pyrosene with some of the acgirine
malecile (NaFesSL 000 amd one with a high proportion of
the moleculs s made on the basis of refractive indices,
optic axial anele and extinction angle i an (010 seelion
so that 1138 not possible From these photographs alone to
determiing whether this mineral has o small or large
amupdint of the peginne molecule.  [132]

Specimen from sodalite-syenite, Himaussay, Wext Green-
g, wrgnifcation < 32,




Jadeite

Jadeite

NaAlSL O,

Symmictry = Monodinic{ +)
Rl B — 1645 1663
Birefringence = 0012 0013

In the upper photograph, taken in plane-polarized light,
two cleavages can be seen 0 some crystuls. the othees
shiow one cleavage. There 1z a slight dillerence in colour
betwean grains in (his scction but this s due Lo strav
polarization in the photogruphic equipment and is nol
property of this mineral,

The lower photograph, laken under crossed polars,
shows the low hrelringence characteristic of jadeite
which serves to distnguwish it [rom other clinopyroxenss
which have moederate to high birefringence, This section is
from a vein in o serpentinite and the whole fiekl is
occupied by jadeste.  |137),

Specimen from jadeie serpentiniie, Son Bentro Quad-
vange, Califormia, USA; magnificotion = 8.




Wollastonite
CaSi0,

Semmetry =  Trnchngc{—]
Rl g 1628 1630
Birelmngenee = (p013014

The upper photograph, taken 1o plane-polariasd Lighi,
shows a number of wollastonite crvstals lying sub-parallel
to the lenpth of the photograph, The other colourless
crvslals are of nepheling and a few deep green aepirine
erystuls are-also visible, The few shghtly cloudy regions
(ume s almost in the centre of the field) are due to holes in
1he shde, Wollastomile crystals are elomguted along the ¥
crystalloaraphic axes and have theee cleavages, all of
which are parallel te the v axis so that nvost crvstals show
at least one pood cleavage.

kn the lower photosraph, taken under crossed polars,
the interference colours extend up Lo hrst-order orangs
bt mot to red: this is a wseful despnostic properly Laken
~along with the tendency for the crystals 1o be elongated
'Eimph’: twinning s commaon and 15 shown m the loxm st
gryatal,  [140].

Specimen from nephieline waollavienite rock . Chideinyn
Lerprett, Powemamiar, magnifoalion =< 82

Wollastonite
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Pectolite

Pectolite
Ca, NaS$Si,0.(01D

Symer sy = Trnchnict+)
Rl [ | S 1-h13
Birelrngence = (0E0 k03

In the upper photogeaph, ke in plane-polarized light,
colourloss crystals of pectolite stand o in reliel against
the other colourless minerals, viz. a sodic plaeioclss
leldspar and microcline. Pectolite has two perleg)
clegvares und so the laroe erystals show at least one
cleaviape

I the lower photograph, laken under crossed polars,
the pectolite crysinls show up clearly bociuse of their
bright interference colours extending inlo second-order,
Lhe highest colour in this view being o second-order blue

The mineral with a slightly green to broswn colour
this rock s eckermannile o Gairly uncommeon amphibaole,
and a groap o small acicular cevsials ol sodic pe
roiene.  [144].

Specinen from pectolile—eckermonniie-nepheling svehite,
Morra Rarr, Swedden wagai v ton = 33




Anthophylliteﬁ =
Gedrite

(Mg. Fe),51,0,,(01, I),
(Mga Plc).‘:h]‘algi'{lfl.'!a{{}{_l‘ sz

SymmeLry Omthorhombic{ yor{ )
R1 [ e R e Rl 1)
Birefrinpencs = (O3 02y

The name anthopheyllite is used For the Al-poor members
ol this seriey and gedrite for the Al-rich minerals. The
wpper photograph. o plane-polarized lizght, shows
atthophydlile, hietile and cordierite. The unthophyllite
shows considerable relief agains the vordierile with
which 1t is inlergrown and the typical amphibole
cleavapesat [20F are seen i some cryatals,

Ihe lower photograph, taken under crossed polurs,
shows that the larelringence is low in comparison with
that of most amphiboles. Members of the anthophyllite-
gedrile series arc orthorhombic in svmmetry and in this
respect diller from other amphiboles, The absence of
twimming 15 an indication thar this may be an orthorbom
bic amphibole althowgh of course this is nel diagnos-
be [1306).

Specimen o cordieioe anthaphviline: sehist, Pipea,
RewiState, India, maprification < 62,




Cummingtonite - Grunerite

Cummingtonite —
Grunerite

(Mg, Fe),51,0,,(0H),
(Fe. Mg);51,0,,(0H},

Swrmmetry =  Maonoclinic { +)aor{—)
121 B = 1:644-1-709
Birelringence = DHRI0-AR045

T'he name grunerite is used for the iron-rich members of
this geries whereas commingionite is used for the
intermediate members, Moo pure Me end-member o5
know,

The upper pholograph, taken in plane-polarized light,
shows cumminglonile crystals intergrown with a plagio-
cluse Teldspar and a few crvstals of biotite, Unfortunalely
the characterstic amphibole cleavage doos nod show up
well in this thin scotion. The dark edpes to some of the
crystals have a deep olive-green colour which 15 plee-
chroic and these ure probably due to o common
hornblende,

In the lower photograph, taken under erossed polars,
interference colours range up to middle second order - the
blug-coloured crystals in the contre of the field show (he
highest coleur in this view, 1o a second-order blug, s
that this is a Gurly Me-rich cummingtonite since Lhe
colours shown by grunerites cxtend well into the third
atder, The fact that the mineral has ooly o very pale
colour in plane-polarzed light is also anindication that it
is nota grunerite since they wnd (o be brownsh o coloor,
Multiple (winning is charactenstic of members of this
series und cun by seen incsome ol the erystals near wo the
wenire of the Held ol view, |16

Spew fmen from citraingranite moeite’, Lo Palier. Mo,
Frince, nuwenilivation = 30,




. Tremolite — Ferroactinolite
Tremolite — Wl | e
Ferroactinolite G,

Ca, Mg;5i;0,,(0OH, F),
(1 :‘12 FE!;SJI.& 022 [Dll A I.'.'f)z

Symmelry = Moneoclinic{ -}
Rl B = |-612-1-697
Birefringence = ARQET027

The upper and middle photographs, ken o plane-
polavized lighl, show o group of actinolite crystals
showing pronounced pleochroism. Most of the orystals
show one good cleavapge bul nene of them are cut 1o show
the angle hetween the 41107 clenvages,

The lower photograph, taken under crossed polars,
shows twinning in one or two of the crystals and this 1y
lairly common, The interference colowrs are- dotmingfed
by greens and browns but this is due to the addition al the
abacr picn colours,

This is actinolite rather than lremolile because of its
green colouration since tremodite 15 colourlass,

Sinee he common twin law for the monoclinig
amphiboles s refllecltion across (L00), clongated crvstals
showing & sharply Jdelined twin junclion are the most
suitable erystals for measuring the extinelion angley ;=2
since these must be nearly (010} sections. The large
twinned crystal showing one half of the erystal i the
extinclion posilion 15 not 10 a satable orentation, simce
the (100} plane i3 quite obligue to the lengeh of the secton
and shows up us o while band in this photograph.  [163],

Specimen from unlraows focality, meagnilivation = 260,
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Hornblende

Hornblende
NaCa, (Mg, Fe) AISLALOL.(OH, F),

Symmelry = Monochnic{ jori |
11 B = 415|714
Birefrinaence R R

e upper and middle photographs, taken e plane-
polarized light, show hornblende and biotite together
with gquartz, alkali feldspar and o sedivme-rich plagio-
clasc. The hornblende shows pleachroism [vom ereen Lo
brown whercas the plecchrosm of the hiotie 15 [rom o
dark brown to o pale brown. A few of the hornblends
crystuls show the characteristic shape and two cleavages
i 128F,

Eller crossad paaliars (lower pholograph) lwinning can
b seen in a few of the hornblande crystals and the highest
interferenee colour scen i this view is a second-oredar
blue, The dilference between biolite and hornblende can
Bz zeen i this photograph by the mottled appearance of
e interference colowrs o the lerpge biolite erystal which is
nedr Ly its extinetion positon. 167 |

Specinien from granite, Moor of Rounocoh. Seotland,
ssraficaiton = 2,




- Hornblende

Hornblende
NaCa.(Mg, Fe), AlSi,ALO,.(OH, F).

Svmmetry =  Monoeclinic{ —jyori{ ||
Fl H = [61=1-714
Birefringence (R0 (1020

The upper and moddle pholopraphs show brownish
phencorysts of hornblends along with plagioclase pheno
eryars in 4 foe-pramed  provndmass mainly of alkali
feldspar. The typical amphibole shape and cleavages: can
be seen in o few crvstals and the plecchroism is guile
prancunced. The opagque rims are probably due to the
formattion of mienetite by oxidaton of iron, and are
anrly common in hornblendes movoleanic rocks.

The mierference colours (lower photograph) tend 1o be
abscured h}- the absorpoon colours; the birelTingence of
cammon heraoblende is low 1o moderate.  [167].

Specimen fram peachte, Lacquedle, My Dore region,

Frimee, mawndfioadion = 32
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Kaersutite -
T Sy e .
Y 4

N e

Kaersutite
NaCa,(Mg, Fe), (11, Fe)ALSi,0,,(0H. ),

Symimetry Monochne (—)
Rl [ = Gt 1T
Birefrimgence = (OIS0

The upper and middle photographs, faken in plane
polariced light, show the strong pleochrosm and Tox
brown colour which is characterstic of this mineral, The
amphibole shape and cleavapes are well displayed in the
crystal in the centre of (he feld.

The lower pholograph laken under crossed polass,
shows that the absorption colours ure strong cnough o
miask partly the interference colours, hul the birefrn
pence of Lthis mineral hasa very large range and is nol
waelul dignestic preperty. It ois difficult 1o disinguik
kacrsutite [rom other brown amphibales. The amphibole
in this reck was previonsly known as barkevikite.  [176]
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dpecitien from fwgarite, Lugar Sill, Aveshive, Scotland:
FITERIRealan = 260




Glaucophane
Na, Mg, AL Si,0,,(OH),

Symmetry Monochnic )
Kl &) = 162X 1667
Brrefrmpenee N B [ e

The upper and middle photopraphs, taken in planc
pelarized light, show mainly glavcophane crystals with o
fow sl quarte eryslals, The two prismatic clenvapes at
F20F are clearly seen amd the sioking absorptuon coloirs
which vary from blue 100a lavender-blue are typical for

ths orioeral., The colours are zomed near the marging of

Frme crvatals.

In the lower photoaraph, taken under crossed poliars,
the mterlerence colours are low order, bul anomalos
hevcause of the strong absooption codours, The .r’.III]i[I!_." %
evetl more gasly seen under crossed polars,

The only minerala which show comparable absorpton
colours are cekermannile which may show a pale lavender
cotour and voderite (o] bul both are very mare in
ovcurrence. This sample should possibly be clescribed
mare correctly as crossite since there s generally some

i * snhatituting for Al and the nume sliucophane 15
reatricled to munerals with rather low conlenis ol

Fe* [179].

Specimed frope o aclsr, Nepdwies, Greece g
i = 20

Glaucophane




Arfvedsonite

Arfvedsonite
N (Mg, Fe), AlSi,O,.(0H, F),

SNy = Mdanoclinic{ — )
I 1 [i = |67 1R
Birefringonce -0 2

In the vpper and middle photopgeaphs, faken in plane
poslarivced lighl, arfvedsenite s recognized by s absorp.
lion colours which vary Itom u deep Prossian blue 14
brownish-gresn colour. The blue muy be so dark that the
cryslals appear opague. None ol these covstals show the
typical amphibole cleavape but the colour und plen
ehressinoare characterisue. o this vock The arlvedsonile is
tterpgrown with alkali feldspae, plagioclase and guarle

Lin the lower pholograph. taken under ceossed polurs,
the arfvedsonite shows anomalous interference colours,
because of the strong absorption colours, The birefrn-
penes i low sothat beight colowrs are ned Lo be expected.

Teasdafeull to distmeaish afvedsomite Mrom mehbec ki
since bath ray show the decp blue absorplion colour
lustrated  here, bot rcheckite docs not show e
brownish colour seen in this sample [ 187)

Spercirer frosme sveriite, Davenasyag wirnston, West Green-
feitded, FrigrpRifica o o 32,




Aenigmatite
Na, Fe, Tisi,0,,

Svmmelry = Trichowsy+4)
Il B - |-K2
Bircfringence )7

[ the upper and middle phetographs, taken in plane-
polarided Ticht, the very dark brown crvstals ire aenig
mative. [e s sometimes soodark as 1o appear opague bl
the brown colour can vswally be seen af the edpes of the
crysluls. A few of the crystals show cleavages and vne
eryslulat the bottom edpe of the feld has two cleavapges al
approsmmitely 12050 in this respect il could be mistaken
for an amphibole. That 1 s pleschroe can be seen by
comparang These two photogrphs

Vnder crossed polars (lower photograph) the bhrown
colour masks any inteclerence colours sa thal il is not
possible to cstimate the burefringence. The larpe tec-
ngular cryslals o this view are sodiom-rich alkali
eldapars, one ol them being in the extinclion position,
Ihe remainder of the dield is ocenped by g brownish
slags (1YL

Specimen (rom panfellerite,  Pantelierin, faly, maesifi-
calion = 32,

Asmigmatite




Astrophyllite

Astrophyllite

{K: Nit]JFHTTi.?SjBDEd [01- Oll- J'.j?

Symmetry Triclinic [ | )
| B = [-T¥03-1-726
Birefringence — (b6 fapprog, )

Astrophyllite vsually oocurs in necdle-shaped crystalz in
radiating eroups, bul m this scction i1 occors as rather
shupeless vryvstals Tull of mclusions oo hne-grodned
eroundmass. The wpper and maddle photops ilphﬁ show
the pleochroism which is from brewn to o vellow coleur,
Some crvstals are much more distinetly sellow than thios:
illstrated. Maost crvstals show one cleavags

Recause of the sirong absorpiion colooes b s ditticaln te
qudge the order of the interfercnee colours shown i the
lower photograph, taken under crossed poloes, but the
larpe erystal at the top of the Dekl shows o thied-order
groen colour which indicates a Bivelvingence of at least
0484 sowe know that the birefringence 1s fairky high

I'he groundmass of this rock consists ol o sodivm-rich
pligioctase [Bldspar.  [192),

Specimen from anicrosvenite, Eaxd Cereonfand, gt
cortrin < A



Lamprophyllite

Na,(Ca, I'e)Ti;Si;0,,(OH)

aymmetry Monochnic{ |
Rl [3

[relringende =

L] arc
1-747-1-T54

032035

I'hes mineral s inchuded because it occurs in some of the
rocks from the Fikinsherg complex and the Bearpaw
kleuntains in Montana aod these may be represeated in
mdny teaching collections,

Lamprophyllite 1s the pale-brown mineral which shows
shght pleachromsm (compare upper and rocddle phoco-
araphs), A few euhedral ervstals can be seen and a
cleavape 15 visiblz in o number of crvstals. (The areenish
coloured minerals are acEpnne-augite and arfvodsonile:
the colourless mincral s mainly alkal (feldspar),

Londer erossed polara (lower photoeraph] a few of the
fimprophyvilite covstals show very slightly anomalous
colours and one showing hour-gluss zening has o
distinctly anomalous brown colour. This crystal s cut
nearly perpencdicular toown oplic axis awd the aonomiloes
colour s due lodispersion ol the ophic axes, Twinmngcan
e seen an g of the crystals, That the blue intecference
ooy i a second-order blue can be readily scen at the
weddge-like termination of ane of the crvstals:

Lamprophyllite
A 4T

B Wy




Lamprophyllite

Nity(Ca, Fe)Ti,Si,0,,(OH)

Symmetry = Monoclinici |}
Rl B 1 747-1-754
Birefringenge = [JARA2 B35

This mineral s inecluded because it oocurs 0 some of the
mocks from the Pilinsberg complex and the Beurpaw
Mountains in Montana and these may be represented in
many leaching collections,

Lamprophyllite is the pale-brown mincral which shoves
slight pleochroism (compare upper and middle photo-
mraphs). A few vohedral ervstals can be seen and 4
cleavapge is visible in o number of cryvatals, (The grecnish-
eoloured minerals are acpinine-avgite and arlvedsonite:
the colourless mineral i mainlv alkali (feldspar),

Under cromsed polars (lower photograph) o fow of the
lamprophyllice cresials show very shehtly anomalous
colowrs. and one showing hour-glass. zoomg has a
distimetly anomalous brown colour. This crvstal s cal
nearly perpendicular toan oplic axis and the anemaloas
colour is due to dispersian of the opic axes, Twinning can
be seen i onge of the crvstals, That the blug interference
colowr is o second-order Blue can be readily seen al the
wedge-like termination o one of the crysials

Apecien from green fovaite, Pidanshers, Soul Africes;
gt ton = 44

Lamprophyllita
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Muscovite -

Muscovite
KALSi,0,,(0OH, I'),

£ g( "‘*_ it M; I ‘r’ A A TN L Symmietry - Monoclinie{ )
3 :;:_':fl: G ---*'*\. DTSR AR ORI 1] = EE2 1oelD
Mrefmingence = 00360045

Acvery slight greenish tint fupper photograph) can b se
in this migscovite against the quartz with which it
inlergrown: this could be due to the mincral bema
phengite rather than muscovite bat in this case it s duoe |
shight stray polarization in the phetomicroscope, Mokt
Lhe crystals showe The perfect busal cleavage,

In the lower photograph, taken wmder crossed pokar
similar interference colours are shown by maost crysia
due tow preferred onentation m the rock! one crystal ne
the Lop righl-hand cormner of the photoaraph i cul near
parallel 1o the basal cleavape and so pgives g ogoc
interference figure, Many of the cryvstals show fwinni
and crystials which are pear to the extinction positic
show the mottled appearance which i3 characteristic of ¢
s [ 200],

Specimen fromt Eyanile seliise. Hamea of Saceravae, B
Shedland, Scorfand, magrification « 44




Biotite
K(Mg. Fe); AlSi,0,,(OH, I},

Symmelry = Monoclinicy
Al B S =
Birefrinpence = 04 ey

Biotite is invarably brown or green in colour, The upiper
and middle photogriphs, taken in plane-polarized light,
show a ficld almost entirely occupied by biotite with
numerous dark brown lo black pleochroic haloes. The
perfect cleavage can be seen in many of the crystals, The
maximum absorpticn colour is shown when the polarizer
i parallel to the cleavage.

In the lower pholograph, taken under crossed polars,
the crystals in the centre of the lield are fa itly closc to the
extinction position, and this has been done (o cmphasize
the mottled uppearance which is churacteristic of all
micas und is most clearly seen when close to extinction.

The greenish crvstal at the bottom lefi-hand cormer af
the field is tourmaline.  [211]

Specimen from Wetite—k vanite—eneive. Dan non Cregrd,
Boss af Mull, Scovland, magnification = 52

Biotite
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Biotito

4

Biotite
K{Mg, Fe),AlSi,0,,(OH, F),

Symimetiy =  Monochnoic{—)
Rl B R B
Lrelringence (- 08

These photosruphs show brown phenoerysts af biotile in
a fine-grained groundmass, The chunge in absorption
colours an rotaling the polavizer {upper and micdidbe
photographs) and zoming of the absorption colours i
clearly seen. ‘This zoning is probably due Lo variation in
eron and Lianium contenls,

In the lower photograph, taken under crossed polars,
zoning of the birelringence colours cun also be seen, The
long crystal to the righl of centre shows blues and vellows
which are sccend-order colours,

he other minerals i the rock are feldspars and g few
microphenocrysts of pyrovene (hisgh relict). 1211

dpecimen from lampraphvre, Puffin Buv, Heeme, ©hanne!
dxderrecly. onergrmificarion = 32,



Stilpnomelane
K(Fe, Mg, Al),Si,0,,(0. OH),-3H,0

Symmetry =  Monoclinic{ )
Rl B - 1-576-1-745
Birelringence  — 0304k 1 10

The brown Lith-shuped crystals in these photostaphs are
ol stilpnomelane and the pronounced plecchroism is
clearly illustrated by the upper and middle photopraphs
wilh the polarizer rotated through 907 Tt may be brown,
as in this example, or green and so can be confused with
biodile bul the cleavage is nol nearly as well developed as
i biotites. This sample shows a darker brown colour than
is expected in a lresh sample because it s partly oxidized.

The mierference colours are penerally masked by the
hrown absorption colour asseen in the lower photograph,
eiken under crossed polars. There are slighl signs of
another cleavage al rghl-angles to the length of (he
erystals and when thes s clear il is o sscful ohservation 1o
distinguish stilpnomelane from biotite.

The chemical formula given above is simplified and
daes not show the wide variation in composition which
this mineral may hawe,  [222].

Specimen from metamorphosed dronstone,  Laptonville,
Cedifiornia, USA, meraificearion = 32,

Stilpnomelana
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Pyrophyllite

Pyrophyllite

AlSi,0.(OH)

Symmelry =  Monoche| — )
141 B — |=586- 1589
Birefringenee = (030

The upper photograph shows a feld of view abm
entirely nocuped by pyrophyllite bue there are no featu
visthle which permit casy distinction between pyrophyll
and muscovite,

Under erossed polars, lower photograph, the mottl
appearance &5 also similar to that of muscovite, Tl
section was chosen because 0 shows relatively lar
crystils of pyrophyllite and anonterference ligure show
rcwderade optic axil angle i contiast we the low val
seen in muscovites, Lsually pyrophyllice oceurs in sa
small erystals that it 15 impossible o oblain an
Lerlerenee lpure (tom them,  [223]

Specinten from uniiows locality, magnifroation = 77,




Talc

Mg,Si,0,,(OH),
Symmetry = Monochnic( - )
R [ = [-389 1354
Birefringence —  0-05

Muost of the ficld of view s cecupied by talc in a highly
deformed rock, 1 is much easier to identify tale in hand
specimen than in thin section because it feels slippery,
whereus in thin section it can be confused wilh a white
mica. The change in relicf of dilferent parts of the highly
contorted bands of tale is well illustrated by the upper and
middle photographs, taken with the polarizer in ortho-
ronil positions,

The lower pholograph, faken under erossed polars,
hows stcond-order miterference colours over almost the
whole lield excepe for small areas of chlorite which is
neergrown with the tale, The chlorite shows a first-order
ey of white colour.  [227],

pecinen from Modran Mountain, Menderes Marsif, Sowth
Vst Turkey, magnification » 27
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Chlorite

Far

Chlorite

(Mg, Fe. Al),,(Si. Al O.,(OH),,

Syrmiimetry = Monochmcl+)or ([ —)
Kl g 157 1467
Rirefringenae = (0000

Ibe term chliorite covers o wide range of mineral
compositions but most members of this group are either
colourless or green in colour and when o green mineral is
observed intergrown with o brown biolile as in the
photograph adiacent il s hkely o be chlonte, The upper
photograph, taken in plane-polaneed heht, shows a
bitite breaking down toa chlorte sothat residual brown
Makes of bionte are surrounded by pale green chlonte: it
isusually pleochroic. Chlorite has a perfect basal cleavape
but it i5 visible in only a fow crystals m this view,

Under crossed polars (lower photograph} the anom-
alous interference colours which are characterisic of
some chilorites are clearly seen, Although all chlorites da
et have anomalkous colours, their birefringence is always
o | 231

Specimen feomn mice—diorite, Glen Lov. Scorland, ihasnifi-
ction = a8,




Chlorite .

(Mg, Fe, Al),,(Si. Al);O,,(OH),,

Svmmetry =  Maonochnic{ +Jor{

Kl [ = |*53-1%7

Birefringence -0

Only one pholograph (upper) taken in plane-polarized
hght is shown here beeause there are encugh crystals in
diferent anentations to show the pleochroism from pale
yvellowish to green, The perfect cleavage can be clearly
seetl in many of the crystals and others are cut nearly
parallel to the basal cleavage and. of course, show no
cleavage,

In the lower photograph, taken under crossed polars.
lhe low grex and anomalous brown volours are character
istic of some chlorites. There are also signs of twinning in
ST oTYERA Y,

The mineral with which the chlorite is intergrown is
adularid, a Kerich feldspar formed in low-lemperatuee
voins,  [231]

Spectnien frome adularfa—guartz vein, S5 Gottard, Switzer-
lewnd s magmificaiion = 72,
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Serpentine

Serpentine

Mg, 51, 0,(OH),

Symmelry hderclinmage [ — )
Rl B = |-54-| 506
Birefringence = A{R004-10-017

The name serpenting covers three polymorphs whi
cannol egsily be distinguished optically, and ma
specimens contdin mere than one polymorphic for
I'his specimen 15 probably a mixture of lizardile a
chrysotile.

The upper pholograph shows serpentine which is
vellowish in colour together with an opague iron oxi
this ageresale i undoubtedly the resultl of breakd own
an ohivine or pyroxene. although relier ecvstal shapes o
not clearly defined as in some examples,

The lower photograph, taken under crossed pola
shows (he low frst-order colours characlenstic of
serpenting mingrals and it also shows 2 mesh lext
which is a common feature of this mineral and is fai
diagnostic,  |242],

Specamen from serpensinite, Lizard, Cormwill, Frglan
eaegraifivetion % 265



Prehnite
Ca,AlSi,0,,(0OH),

Symmetry = Ohrthorhombic( )
I B = 615 1-a42
Birefringence = (F022-0:033

Mast of the field is occupied by prehnite althoush a few
cr¥stals of caleie ¢an be seen in the top part af the upper
photagraph, taken in plane-polarized light, The pale pink
and green colours are struy polarization colours produced
in the photographic equipment. One of the charactenstic
features of this mineral is its tendency Lo form racliating
groups of crystals and this is best seen in the lower
photograph, taken under crossed polars.

Prehnite characteristically shows very hrighl second-
and third-order ealours and since |he mineral in thin
section isulmost withoul colour these interference colours
are usually very pure.  [277],

Specinen  from warble,  unknown focality,  mapmifi-
celienn = 2A,

Prehnite




Microcline

Microcline

KAISi,O,
Symmetey = Triclinic{ - )
R B = 1-514
Rirefringence — Ak

The two photographs show a perthitic microcline erystal
cul upproximately parallel to (001) with the trace ol (010)
parallel lo the long dimension of the photograph.

The upper photograph was taken in planc-polarized
light with the substage diaphragm closed Lo accenmuaee
the rehief in dilferent parts of the section. Parallel to the
short edge of the photograph are small veinlets differing
m relict from the bost — these are microperthitic albite
lamellae. At anangle of ahout 25° to the same edge of (he
photograph there arc three or four thick veins of perthitic
albite which also differ in relief from the surrounding
i lerial, )

The lower photograph, taken under crossed polars,
shows the cross-hatched twinning (ulbite and pericline
laws) which is very characteristic of microcline, The
perthitic albile weins at 257 to the shorl edpe of the
photagraph are rather durk here but show twinning
aceording to the albite law — the composition plane (014)
15 parallel to that ol the albite twinned famellae in the
microcling.

The (win lamellag in the mivrecline are most sharply
defined close Lo the albite veins and they ure of varisble
width. This mimeral should not be conlused with
anorthoclase (q.v. ) [ 285

Specimen from pegmatite, Digmond  Mine, Topsham,
Muiree, 75 A, magnification = 43,



Perthite &
Microperthite

(K. Na)AlSi, Oy

Perthite is the nume given (o un intergrowth of
potassium-nich and a sodiam-rich leldspar when the host
material is (he potassinmerich feldspar. When the host
malerial is a plagioclase the name antiperthile is used and
when the sedium-rich and petassium-nch phases are in
equal pmounts the lerm mesoperthite is used. Perthite is
used when the intergroswth can be seen in hand specimen
and microperthite when it s visible only under the
micrascupe, These three photographs were taken under
crossed polars

The upper photograph shows most of the Geld oocupied
Prv a mineral with o very daik prev interference colour ol
small white blebs of microperthitic albite faicly unilormly
disteibuted throughout, Two cleavages are visible almost
il right-angles Lo one another so that this section 15 cul
nearly peependiculur to the ¥ axis, No twinning is visible
sacilis lkely to have menochnic symmetey and the name
orthoclase-microperthite is approprite. A nearly centred
acute biseetrix interference figure s obtained 'rom this
section with an optic axial anple of yhout 457, 4 value
appropriate for orthoclise-microperthite

The middle photograph is & course perthite cut nearly
parallel to (010, The white areas are sodium-leldspar and
the durk areasare of potassiom-leldspar. Within the dark
areay are fine hehl-coloured lamellae of microperthitic
albire which lic at an angle of approsimately 759 1o the
trace of the (001) cleavage which is parallel w the long
edge of the photograph, Although no twinning can b

seem in either the sodium-rch or potassium-rich phases, 1

athile twinning were present it would not be seen in a
section cut nearly parallel to {01 In addition pericline
twninmg will not be seen inoa sectaon cut exactly at right
angles o lhe [win axis, the 1 erystallographic axis, and
will be difficull to detect in a0 section vlose to this
orientation, From this section alene it is not possible to
sty whether the polassium-rich phase 5 orthoclase o
riuToeling.

The lower photopraph is also of o myicrogserihitic
eldspar m the swme orientation as te middl plcstosra ph,
ut here only microperthit albite s wisible, ariented
bl Tt the trae of the (00 1) claavape. [284],

SERET KpErimer feom et pranalite, Wesi of A
wertvar . Mudagascar, magnification < 2. Middle S
nent from weknown locality: mageification = 27, Lower
frectmen feon pesaoriie, Rodarme, Bitar frecdice, micignfi-

it hanrt v 28

Perthite & Microperthite
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Sanidine

Sanidine
(K. Na)AlSi, 0,

Syminelry =  Monoclinic{ —)
Rl [ = 1'532.1-324
Birelringence - 0-006-0:007

The name sanidine is used (or monochinie alkali feldspars
which oceur in voleanic rocks: they are usually fairly
potassism-rich. The upper photograph taken in plane-
polarvized light shows a few phenecrysts of sanidine in a
groundmass also composed mainly of sanidine. The
regular arrangement of inclusions at both ends of the
larpes| crvstal outlines the shape of the growing crvstal.
Simple twinning, as seen in the lower photograph taken
under crossed polars, is very common in monoclinic alkali
Feldspars and this serves 1o distinguish  them from
plagioclases since the lutter usuully show lamellar
twinning as well as simple twinning, The twin law in this
case 18 the Carlsbad law which 2 the most Irequently
observed twin law in menaclinic feldspars,  [285),

Specimen flom phonafite, San Angelo, Ischin, ftaly,
magrificarion x 24,



Anorthoclase
(Na, KIAIS), Oy

Symimetry
14 [H == |e52R[-532
Birefringence = ARCOT 008

I riclinge { — )

The name unorthoclase 1= used for triclinic sodigm-rich
alkali leldspar which oceur in voleanic rocks, The upper
photograph taken in plane-polarized hghi shows o group
ol erystals of anorthoclase inoa fine-grained groumbmass
ulalkal leldspar und quartz. There are slight sigos of
cleavapes because |he larges) cryvstul is cut almost at right-
angles Lo both 000 ) and (0] clenvages,

The lower pholograph, taken under crossed polars,
shows albite and pericline twan lumellae forming a cross-
hatched o “tirtan” pattern which at frst sight resern bles
the texture seen in microchne, In ynorthoclase however
the famellae are seen in sections cul nearly perpendiculac
Lo the v erystallographic axis as o dhos case and, i this
areniation, o nedrly contred sacute bisectris inlerlerency
figwre can be obluned.  [285]

Specimen frome partelleriie, Pamrellerw, fraly; meaenifi-
Catinn S 37

R g L
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Anorthoclase
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Plagioclase -

3 L) e FeesniEsse  Plagioclase
J 47 ' P g 1

e TR T e T NaAlSEO,—CaAlSi, 0,

SYTImElry = Trichnic{+pore -}
Rl B ~ 1E32-1585
Birciringence — [T {k0L3

These |':|||_.,';.1_.;'\§_!r;‘|_r|'|'|5-. are of a thin section of a labradare
crystal cut -almost exactly ul rlsht-angles to- the x
crystallographic axis, and all thres exposures were miade
under crossed polars. In the upper photograpl the (1)
cleavape has been set parallel to the long edge of the
photograph which is perpendicular Lo the vibration
dircction of the polarizer, The (DO eleavage 15 Tob
parallel 1o thi shioT {:u,l:::c of the p|'||'||||!_'_[':'|!:-|'| bl shionas
slialit changes in divection 4t the bowndaries of thi albile
twin lamelloe seen m the two lower photographs, The
middle and lower pholographs show Lhe appenrane of
Lhe section after rotulion 1o the extinelion positions of the
P sets of twin lamellae. The angle of ratation in cach
case 13 267 Mroma graph of composition in the plagioclise
feldspar seriey aganst cxunction angle o a section ol
perpendicular o the v axis Uhes commnpersiton ol This ciystal
isuboul AbgAn,,.  [31%]

\ Specinwen Jron unfonows focelic) e ealing = 43

| -
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Plagioclase
NaAlSLO.—CaAl SO,

Symumetry = Trghnied+1ore )
Rl 3] 1-5332- 1585
IBirelringence —  e(FT L3

These photearaphs show o number of phenocrysts and
microphenocryets o plagioclyse in the fine-srained
groundmuss of an andesite (o lew phenocrysts of
orthopyroxenc are also visthle), In plune-polarized ligh
(upper photograph) zoning ean be seen by the srrange-
men| ol inclusions in the group of Teldspar crystals in the
centre of the ficld. Within this aggregaie the brown
material s cryplovrysialline groundmass incerporated m
the growing crystals,

Under crossed polars (lower photosrapht lamella
peanming 15 visible in most of the crvstals and oscillalory
Zaning s obvious m Lhe covstals which are near 10 therr
extinction positions, The low grev mterference colours
are slightly anomalows due we dispersion, o feature which
5 oot uncommon an plugoclises rom valoanie
ricks  [ALR].

Specimen from prroxene amdesete, Maotea Hitly, aeor
Buchapest. Hungory, maeadiicaiion = 2.

Plagioc




Quartz

70

Quartz

S10),
Svmmetry = Trigenal ¢ +)
Rl w [-544

£ 1:531
Biretrinpence = [r009

Ouiriz is the most common of all minerals and is fajrly
easily distinguished from feldspar in thin scetion because
it iy pencrally unaltered and lacks visible twinning or
cleavage, (It may contain Auwid inclusions and if these are
very small and numerous they mey give the quarlz 4
dusty appearance, )

The upper photograph, taken in plane-polacized light,
shivws clear quartz phenocrysts in a voleante rock and
these have embuyments against the groundmass of the
rock: this is not an uncommon feature and although
sometimes interpreted as due (o resorption of the crystals
it may be due to the rapidly growing crystal enclosing the
eroundrmass material,

It the lower photograph, taken under crossed polars,
some crystals show the white interference colours
characteristic of crystals cut nearly parallel Lo the optic
axis. Signs of a yellowish interference colour i i
indication  that the thin section s slightly e
thick. | 3diH.

Specemgn froin guares pocghoorry, Db, Dide of Arran
Sentland; niaeuificarion = 2



Quartz

$iC),
Symmictry Treigonal { —)
| | = 544

E = [553
Birefringence = 00

These photographs show quarts in o metamaorphic rock.
[ the upper photograpl, taken o plane-polariaed lght,
most of the ficld of view appears o be oceupied by clear
guurls crystils wicth a few small inelusaons, The minerals
at the corners of the photoeraph are kaotiee and
sillimiantde,

[n the lower phorograph, taken under crossed polirs,
individuul ervsials of guarte can be seen but, willin (e,
hesextimaion 15 net anifornand this shadowy extinelion
is fairly commaon in deformed rocks, Closer ispection ol
this view reveals that, ac the top right cormer and the
bottem left corner of the lield of svaew, there are resions
which differ in chat the crystals have Jork borfers and
ik weinlets penclratng inte the ceystal at the ler-hnd
bt corner Lhere are sipns of twin lamellas i one of
the erystals. These are cordierile crvstuls and they have
heen included in thas lighd of view (o show that the relef
and Reefringence ol cordierite may, depending on s
vamprosition, bevery sinilae to That ol guarte bul can he
distmguished by signs of allecation o pindle anl he cdges
of the cordierite arams, [

snecimen feart covdierce—sfmanite saeiss 1 e souihoal
Hrose, Madopareay, saendlioaliong » 47

Quiar



Myrmekite

Myrmekite

Mhis consists of ynoanlerarowth of plagiociase and quarls
with o vermwcular lesture whichs clearly seen i the lower
photegraph, taken under crossed polars, This showld s
compared with granaphyec textore (g In the uppes
phostopruph, tuken wnder plane-polineed lighe, the
mdergroewtho1s almest invisible becouse the plasioclase
and the intergrown quarke bave almost the same R
whereas the remainder ol the feld, excepl for anapanie
erystal i the centre, s vcoupied by afkall feldspar with
lewwrer BL The alkali Feldapar has o microperthitic texture
with eriented inclusions of phigiocise

Speetnien from charaockite, 25k moetbowest of  Fort
fergniin, MWadoeascar, inasnificarion = 32,
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Granophyric texture

These photographs show an intergrowdh of quarte and
alkaly feldspar, Even o plane-polanzed  hghe (appe
photographl the intergrowth s visible because of the
difference in refrneence ol the fwo minerals and the fact
thal the alkabl feldspar @5 beown, cdue 1900 ableration,
whereas the dreas of gquartz are clear, Under crosseil
poiars {leseer phiolograph) whil appear to be the eatlines
al individual vrystals are visible, Whit 15 not known is
whar material thess shapes reprosent since cach “crestal’
comnsists of ahont equal amounls of quartz and feldspar

althougli it s protabde thil (he erystal outline 35 that of
[eldspar.

Spevimey fromn granophere, Bassfood Bed Fille. Shoe
Seatland, magiieaiiog =< 37

Granophyric textu




Tridymite

Tridymite

S0,

Symimaetry Crthorhombicd 4+
Rl B = LA 4D
Bercfringence = 1002000

Phe upper pholograph. taken in plane-pelanzed hehy, s
oFachine-pranmed rock in which there s anclomested cavity
ar ven which is manndy (3 with ridsmite. To the _'igl'l.'_
ol the photopraph the tridy e shaws up in reliel agains
the mounting medium where there are small boles in the
shide:

The lower photograph, laken under crossed  polars,
shoows that the trdsoete bas very low Invelrimpeence: e
wiilpo-shaped twinned cervsials are charactenatic of this
mineral, Althouzh the pame fiidvmite implics three-fold
aropes ol Dwins, Pwo-twinned individoals are probably
more oo, | ]

Spevirier frone dereite, Halone Valvane, Japas. shagail
coiifc = 72




Cristobali

Cristobalite

Si0,

Sytnmetry =  Tetraponal{—1
|1 [ | ch

[T (e b
[Firelmmrenue — (-3

b thewpper photograph, taken moplane-polareeed hpht,
cristobalite is intergrown with perosene {brown}, plagao-
clise feldspar (eolourless) and opague crvstals which are
prohably mainly ilmemie. The cnstobalite shaws mod
erate reliel appinsl the plugioclase feldspars becouse of the
leesnndes ol The cristobalite, Tois churocterioed by whal 15
ferigwn s tode” structure, e resemblimee 1o curved Hles

an i oroael. Londer crossed podacs {lower photegtaph), the
cristobalite shows very low grev colowrs which e
characieristic, The dilferent orientations shown by the
differences i birelvingerce are partly doe Lo the e
structurs but muluple twinning is alse present, |34,

Fovelionr feaie cogese-grained Pl Lpalia F7 funar
sl masrifoation = Mg,

. 000




Mepheline

Nepheline

NaAlSIO,

Svmmictry —  Hesagonali )

1410 L = |:326 1-542
] = |aM 1.546

Birelringcnce = [ (0

The colourless minerals in the upper photogeaph, faken in
plane-polarized light, are muinly nepheline and cane-
rines Aslight difference in relied can just be detected bui
it is necessary te look at the lower photograph {taker
under crossed poliars) to see clearly that the arcas with
hright interference colours consist ol cancrinile (g.v.)
while the very dark aveas are of nepheling: Mo clanvapes
ire Visthle so thal there is unbkely (o beany alkali feldspar
in this field of view, Cancrinite s very often associated
with nepheling particulacly in plutonie recks und this
grvesa clue to the presence of nepheline,

The green mineeal in these photographs s acgirme-
augite aml the occurrence of an alkali pyroxene indicites
that the rock is rich in allkabis bul & not necessarly
nepheline-bearing,  [236]

Sarple from pepheline svenire, Khabazera, Kola, USSR
i 4 A4



. Nephel

Nepheline

NaAlSI0),

Svmnmelry — Hexapomal( ) ;‘hl" 1 I;a, ; : @;a" 'z .
121 E | 326 1:542 L i '
w - |-529 |-546 = f =N ’!r“

3 : P
Birelringenye = (O0F=04005 il AT i
. . s, Sagl b }r : "
Mhese photographs shosw nepheline phenoeryses o the Il - oae 2 e r,
=g raned ;__-'|c1|l|'|-.|1|=.='1.~.~. containmeg also small wreen '_ nF i 1 L "[
crysals of geairine-angite and o few crystals of sphene, 1L - & - .-:'L ' /
i= eommon 1o find nepheline phenoceyvsis tosether with " A *". A
; srae R P

alkali Feldspar phenoceysts in the same rock and a0 s T o ;ii'f' D i el T £ ; i =
sometimes diflicolt (o destimgnish them Gsee photographs e ..““‘ Py - i el :
cn P TRL AN colourless plienocrysts i this fighd of views 1 ~.; T gt = :-1 o o P L)
are ol nepheline although thers are some small sanidines ; e d .34 . i Tl 3 &l b = 4 il
it the aroundmass, The cevstilal the top lell ol the el o e R i R """Il.'
vigw with the inclusion of sepivine-pugile shows o G250 g0 % Tt
hesaponal cutling ot is incoimpline _ --i;‘?‘ 1 L W o

In the lower photopeaph, taken under crossed palars, '31 i 2 Mg
the hexagenal-shaped erystal 15 fairly dark aond is o !ﬂ{- £ : R :
iearly perpendicular to the opue dxis. A few small 75 s . ¥
sanuling crystals can be recognieed 1 the groandmass by s e :_1'@_!\_1 ' , -rsr: 3 o
the presence ol simple teanoing. 356 \-{.:' ittt : i i _":‘".‘ -

o h L & ! . y . {5 i

Specinwen frove plonaiie, epected Sloek  Qdoinye Lengan,

Fanzorla, waeriheation < 12




Sanidine & Nepheline

Sanidine &
Nepheline

Mhe upper photegraph, wken i plang-polirized lght,
shows phenocrysts of nepheline and samdine oy
groundmass composed mamly of the same bwo munerals
with some prrosene anda few minnle crysials of nosean.
Beciuse theirrelied und biretringence ave very similar il s
difticult Lo distinguish nephefine from soordue, Cresialy
which show o pood Ceavage or simple twinning o
almioat cevtainly sanidine basal sections of nepheling e
hexagonal oo prsmatic sections are usually nearly
siuare 50 that the reo narroesw elongaled ervstals inthe
cenlre of che field are sanklings, whersas the sroup of
erwstils o the right of the Reld showing partly hexaganal
shape are nepheline,

nder crossed polurs (Jower photogeaph ) a tew crystals
show simiple twins! these are synidines cwinned on the
Boveno lww. In the zroup of coyvstals o vhe right of the
fichl, one ol the erystals showing hesagonal shape s
almnst black and i= nepheline cut almest exactly
perpendicular o the optic axis, the other is cot shghly
alligue wo e optic axis and shows very low Rrefringonce
wilh shizht zonne near the margis, | 288]]356),

Specimen from wasenn plonelite, Woll Bock, Corewal!
Forgrfedreed ), weaenifioaion = 2




Leucite
KAISi,O,
Syinelry = letragonal (Pseudocubic) | 4

Rl " [-508 1511

The upper photograph, taken in plane-polarized light,
shows coloorless phenocrvsis of leocite 1ogether with
microphencorysts of acgirine-aupite (greenish-brown)
and nosean {zoned brown crvstals) inog line-erained
groundmass matnly o plagioclaze but contaming small
lewite und nosean crysials, Leucite sometimes has
radially or concentrically arranged inclusions ol glyss bul
this is nol apparent here

Under vrossed polars {lower photograph) the ap-
pearance of mulliple twinning in more than one erent-
dlion 15 very characleristic of leucete: very smull loucite
crystels in the groundmass appear wotrome. Lepoile s
somelimes replaced by an inlergrowth of alkali feldspar
and nepheline while retaining the shape of the leucite
erystals and thas ss lermed pseodoleucie. | 367],

apecimenr fram fencitophvee, Bewlen, Eifel, Germany,
MapRicaian = 20

- .

Leuci




Nosean

Nosean
6NaAlSIO,-Na, SO,

STy = Cubue
Rl " = |*495

These photographs are Trom different rocks and both are
Laken in plane-polirized lieht only,

The upper photograph shows wo nosean phenocryats
with dark, almest black, riens doe to reen gside inclustons:
||l|t'm;:',]nrill the cores ol the crvstals there are numerogs
oricntated mclisions. & few microphenocrysis of keoite
are visible in the field and thisis the same roek as wsed 1o
Musteawe leweite {g.v. b there are o lso microphenocryats of
nosen, dirk brown wath inclusions similar 1o the rims of
the phenocrysis, grcen W brown perosane inoa fng
arcndmiss mginly of plagioclase with some caleite due
tor stray polarization in the mieroscape the caleie shows
wink mterterence coloiirs in this photograph.

The lower photograph shows nosean orystals, full of
mclusions, intergrown with sanwdine which s free from
inclusions. The sub-slage uperture has been opened wilds
bt closing it allows one 1o see the difference in relief
between Lhe nesean and Lhe sanidine — nosean kasa much
loweer B und s sotrope,. [375)

Lippere wpecimnein i fr.’a.rn‘.".fr:l,u.-'u-rf-, Roren, Eriel. Ger-
oty mggaification = 270 dawer ARECTIRIER RO NEE P
sanddinite, Lo her See. German . magodfivation < 51,




Cancrinite
6NaAlSi0,-Na, (0,

Symmetry =  Hexagonal [ —)
k1 E = |53

LaJ 12528
Birelmngence 025

In the upper photograph, taken in plane-polarized light,
the ohjective was raised slightly 1o show the Becke line,
The minerals which have the Becke line within their
Ptnclaries are nepheline und alkali feldspar which in this
rock have almost identical refractive indives — the law
refractive indes mineral is canerinite,

Under crossed polars (lower photograph) the cune-
rinite shows lirst-order colours, exwcepl lor the liirpe
erystal to the left of the ficld whech is a low seccond-arder
Bluish-red colour. In nepheling syenites the appearance of
A colourless mineral with lirst- o1 second-order in-
lerference colours and o very low reltactive index s
Bstally a good indacation of the presence of cancrinite and
i turn this leads the observer Lo look for the presence of
meptheline,  [381].

Specimen. from nepheline svente, unkriown ocaiity,
Mgk caiion » 72,

Cancrini




Scapolite

g2

Scapolite
HNaAlSi 0y ) NaCl-3(CaAl,Si,0,)-CalCx

Symumelry =  Tewragonal{ |
Kl S = |-3d0-1:504

{u = LS4t 600
Bircirinecnee TRR RV EVR T

The upper pholograph. taken i plane-polarzed ligh,
showws maimly scupohite (colourdess) together wich o pale
green chinopyrosens and one crystal of hiotite o the
centre of the field. A crystal ut the Tower lell pan of the
leld shows two sels of cleavages al nght-angles to one
anather. Most ol The other crvstals show ot least ong
cleavape,

In the lower photopraph, taken under crossed polars,
soumne of the crvstals show second-order colours but those
showing bwor cledvages have low inlerference colours and
arve cut nearly at right-nngles o the aplic axis sie the
VIGO0 s clepvapes e pacallel 1o the optic axis. The
composition in the seapolite series, from the marialite
end-membser (Na-rich) 10 the meionite end-member, i
obtaincd Mrom cither a relractive indes determinalion ora
measurement of birelfingence. |38 |

Spevimen froor edee of  phifagopiie-pesimative,  near
Muafilefyv, Mudagaicar, mapmilicetion = 200



Analcite
NaAlSi,0,-H,0

S ey = Cubu

<1 # = 1478 443

The upper photograpl, wken o plane-palarieed Tighl
shows o trangular arca of analeite bownded by elomgaled
cryslals of plagiochse, The refractive index of analeite 13
very low o thul. with the sub-stage diaphragm closed, i
stands out in reliel against the surrounding minerals.

[he lower photopeaph, taken under crossed polars,
shows that The analcite 35 izotropic. Sometunes anabcile
shows (dark grey interferenee colours and  complex
lwinming and insuch vases 11 can be mistaken lor leacite,
In some rocks leacite may be entirely replaced by analeite
hut rarely ure he bwo minerads scen together, 11 may be
pecessary Lo measure the reltactive index to distinguish
anulcite lrom lewcite, | 389]

Specien from  erimonite, Howferd  Bridie Avealire.
Seotland, e fication = 62

Analc




Corundum

Corundum

ALO,
Svmmelry Frigomal §— )
RI £ = |-760 1763
i) = |-76&- 772
Bircitinpence AR 0 D0

Fhe upper photograph shows a4 number ol corundum
crvatals emnbeddded wn leldspar. Tis hugh rebet s charcier-
istic and when it shows o shght bluish colowr, as it does
here. this s an indication of the presenve of sapphire
(bhue varety of corundum, The almost black material is
sl Tull of inclusions.

In the lower photograph, taken nnler crossed polars,
the hiphest colours seen are first-arder vellow. Becuuse of
its extreme hardness corundum crystals may be Thicker
than the surrounding minerals and so show slightly higher
colonrs than the birefringence (ndicates, Multiple twin
IG5 quile common in corundum but s oot present in
any of these covstals.  [405),

Specimen fean buchite, Budf' o' Clhronwin i Ross of
Mull, Scorland, muapnificaiion = 52,



TiO,
ST TY = 'I'{*Il;u_gxrﬂ:ﬂi 11
k1 tw 2als-2613

£ = LR
Birefringenoe — U 2RG 240

The wpper and middle photegraphs show some Gorly
larae crystals of rutte noa mass of allersd plagioclase
Feldupiir. O of the crvstals shows bwo pood cleavapes at
an angle of approsimately 60°, The deep polden-brown
enlour s fwirly charcterstc of rutile. Under crosscd
polars (maddle photograph) it can be seen that thers are
Pwin bomellae parallel to the traces of the two cleavages,
which are probably< 011 = This crvstal hus been sel near
i the extinction position e show the twinnimng. Because
of the strong absorpiion coloar 11 s oot possible o
watiminde the hirelmgence winch s very high nor to be
aware ol the very bigh refracove indices, The ether erystal
which doesy not show twinning appears (o be the same
codour i pliane light und under crossed polars,

The lower photograph, taken in pline-polanzed light,
shows needles ol runle within hioote. | he occurrence of
rubile s meedles o betite and guartz 13 faicly commaon bul
when the needles dre as fine as those illustrated here therg
is very brtle that can be dope optically 1o establish
they are indeed ruule.  [415]

Ciper aned  midlille speconten fresne pficred weor ot
Roseland,  Vivoinia, C5AD wmagenificalion 2 Lower
specirier fronn ik fneality, maeaification = 72

Rutile




Perovskite

!
&

Perovskite
CaTiO,

Svmimetry = Monoclinic (preudo-cubic) [ 44

o i 2-A1-2-38

The upper photograph, laken in pline-palarsed bhab,
shows a lew dark brown crvstals ol perowskite intersrown
with melilite (colourless) and iron ore (blick), Zoning of
the brown colour of the perovskite can be seen. The relief
& very high but the stromg absorplion colour tends to
obsacure this,

I the lower photograph, taken under erossed o,
the perovskite crvytals are birefringent and show complex
mulliple twinning, This cross-hached Iwinmning 15 2
charicleristic of perovskite and servis to dislinguish it
from some mher dark brown minerals. lts QULUPTENGY
ulong with melilite is cormmeon | see description of melilite,
plu) [422]

o) :'I'I:'I"I'.'fl'l'.' frim I'F.'I:'-'I.l..lln'.l'n:' g .'l| i Ny |"T|'.'._"|'-, et Avitrim,
il
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Spinel

(Fe, Mg) Al.O,

SVImmeLry = Luba
Rl " = JEE-TR33

bhe spinel group covers o owide range ol chemosal
composition but the common yameties are alumimons
wilh P and My substitution. The range of BRI given docs
nel cover The feene ironaund chreamiam-rich varieties, The
characterisie colours are dark green or dark brown und
the twe micrephotopraphs, both fakenin plane-polanzcd
light, sheovw pwa ditTerent ocourrences,

e upper photograph shows dark green spinel
tepether with olivine. The spinel crvstals are sichhedral in
shipe and Their colour as 2oned so thal some of the
ervaials show brownish cores.

In the lower photograph the spinel s n even darckes
clive-groen colour, The shapes ol the oryvstals are
determingd by the calewe plazioclase with which 1015
mtergrown. Some of the dark regiens in this feld of view
ponsist of phass crowded with mclusions but these can be
readily distainguished from the spinel because of the hagh
relich of thespinel. [424).

Liper speciven framg sl —farsterite - venofinf), Fesainis,
fplv: minpaificadion = 43 Loner specimen from huclite,
Roclh o7 Cleoriaine 500 Ross of M, Scorfond: magnii-
cerffon = 2K,
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Brucite

Mue(OH),
SImmeiTy = Trigemal{ |}
Ll i = [=560=]3%0
E — | aR0—1-500
Birelringence = N2

Ihe upper photogruph, taken in plane-polarized lighs,
showes hricie (clear arcas) inlersrown with dolomile
{darker arens). These are probobly pseudomorphs afwr
periclase (e,

I the view under erossed polars (lower pholograph),
Uhe Brucite wreans consist ol aepregntes of libres with les
Birelvingence, A lew regions which show anamalons blus
colonzsare ol serpentine. |434],

Fagtiy
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Specnmen frons brueite marble, Ledbes, dssinr, Scotfed
fiifeation w0 T2




Calcite

CaC0,
Symumet Ty Trigonal { —
Rl £ = l-d8h

w = |-43%
Birefringence = 172

Most of the leld of vigw s occupied by caleile amd the
upper and middle photographs taken i plane-polarized
light show the change in reliel produced by rolating the
polarizer theough 90°, This is referred to s “twinkling’
amel 15 st easily seen by rotating the polirizer as has
been done lere. Beeause of the perfect rhommbuohedrid
cleavipee most ervstals show at least one good cleavage.

Under crossed polars (lower photograph) the in-
terlerence colours can be seen o be ol very high order
s section may be shghtly less than the normal (F05 mm
in thickness since in sections of standard thickness the
interlerence colour produced 15 a high-order white.
Twinning can be seen in a lew crystals and this can be
peefnl  in distineuishing  culeite Trom dolomite
pgae s [47a),

Spechnen from dtopstde—focsterite aarble, Lock Duich,
Seatland s magniication = 44

Calcite



Dolomite

Eag
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1 Dolomite

CaMg(CO,),

Syotinetry Trigonal {- )
Rl £ = 1300

L = IR
Birelringcnee = {rli9

This section contains bolh caleice and dolomite and, since
the twa minerals are diflicolt to distinguish the thin
seetion bas been stained, Mos) of the staining lechnigues
used depend on the frer than caleite is readily soluble in
ehilute HO D whereds dolomice s oo, so that the mpterial
which is stained red in these photographs is the ealeite, In
the upper and middle pholographs, laken in [lasic-
pedarized Light. 10 can be seen that theve are limellae af
dolomite within the stained calcite, The change v relief of
the dolomite caused by rotating the polarizer through 90°
15 clearly shown.

Lhe lower photograph (luken under crossed polars)
shows the high birefringence associated with dolomite,
The crystal showing a vellow colour o the right ol the
lield af view s forsierite,  [4s9]

Spociven from forsteeite marhle, 8o Lok mapnfeation
x 43,
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- Dolomite

Dolomite

CaMg(CO;).
Symmelry = Trigonal () e T
s 7
R £ _ 150 sy :
dik = 1670 A sf.ﬁ}:__ 4
Birefringence: = (179 i
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These photographs were taken from an unstained seelion
ol the same rock used T the previous photogruphs of
dolomite, fn the upper photograph (taken under plane-
pealiirized hight) teo chombohedral cleavages Con be seen
At 120% i the erystal in the upper park ol the field.

In the lower pholoeraph, taken under crossed polars.
pwan Tnmellie are seen to bisect the obluse anele between
the ¢leavapes, i paralle] o the shorl disporal ol the
rhumb shape formed by the cleavages. Both dolomite and
caleite may have twan lamellie parallel o the long
chiagonal and parallel W the rhombobedral cleavages
themselves, bul only dolmmite s twin rmellae in the
position shown bere,  [AR9

Speciomen from farsterie pearhile. Sei Lanfa: monifealion
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Apatite =

Apatite

Ca (PO, ) (OH, F, Cl)

Swmmelry Hexagonal [ —)
il £ = 624 |Ha

(1] = 6209|667
Hirelrinpence 001 0-007

Lo the upper photograph, taken in plang-palacized light,
needles wnd small hexaeonal crvdials of dpatice stand o
in reliel against nepheline (elear): the opague mineral is
imenite, some of the ilmenite crystals having rims ol
sphene.

The lower photograph. when under erossed polars,
shows Thal vhe birefringence ol apalite is about the same
as that of the nepheline, and this giken along with the hisl
Bl = usertul For sdentificulion. The vone prani shoaing @
Plue-green interference calour is aeairine-aupite. 304

Sfecraent frond dpasiie—sicpfiedine roglk . Lovozern. Kola
UENR sgunification = {il,
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Fluorite

Fluorite

CaF,
NNy = {(uhic
Rl N = 1-453 1433

Thest 1w photogruphs were hoth taken o plune-
polarized light. The upper photogea ph shows anumber of
purple crvstals of Nuorite intergrown witha rare minera
weberite: A few erystals af the top of the pholograph
show signs of the perfect 11 eleavage. Fluorite has the
lowest refroctive index of all the common minerals and
hence shows considerakle relicl against mest ether
minerats. In thiscase the purple colour gives o usclol clue
T its adetity,

The loveer phistograph shews Auorite as smafl anhedeal
srins mtergrowin with museovite Here again the pale
purple colour which s unesenly disteibuted is uscful Tor
ientification: s ismiropic character and very low
vefractive indes would confirm the idenlification |[511],

Lipper apeeinren fromn ervalite deposie, Deletut. Weid
ApE , : i i
Greenfand, mggnifivation = 320 Lewer specimen from
prafive. Rostowraek, Corswadl, England, mesgaifoation
w dd,




