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Fig. 2.9. Modal classification of ultramafic rocks based on the proportions of olivine (Ol),
orthopyroxene (Opx), clinopyroxene (Cpx), pyroxene (Px) and hornblende (Hbl) (after
Streckeisen, 1973, Figs. 2a and 2b).
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Boullier & Nicolas 1975

TaBre 1
MosaIc
Porphyroclastic
Textures Coarse granular Coarse tabular (Figs. 1c,D; Normal Fluidal (Fig. 2c) Secondary tabular
(Fig. 14) (Fig. 1B) Fig. 24) (Fig. 28) descriptions restricted to (Fig. 2p)
non-penetrative stripes
Coarse grained Tabular olivine
Former and other and enstatite
terminologies (BouLLIER and Nicoras, 1973) (BouLLIER and NicoLas, 1973)
GRANULAR SHEARED (Boyb and Nixon, 1972)

Number of different 1ol 1ol
generations of olivine len. len 2or3 ol 1ol 1or2ol
(ol.) and enstatite {en.) lor2en. 2en. 1en. 1 en.
Grain shape and size isometric tabular ol. and en. porphyrociasts: en. porphyroclast: en. grains, isometric ol. tabular: 2 x 1 mm

6 mm 5% 2mm elongated, elongated, 4 x 2 mm 0.01 mm and irreguiar: 2 mm

ol.:5 x 2mmjen.:3 x Imm
neoblasts: isometric
ol.: 0.2 ram
en.: 0.02 mm
ol. tablets: tabular
1 x 0.3 mm

neoblasts: isometric
ol.: 0.3 mm
en.: 0.02 mm

concentrated in stripes
0.03 to 0.01 mm thick

en. isometric: 0.3 mm

Grain boundaries

ol./ol. straight or curved
120° triple points

ol./en. curved

ol./ol. straight or curved
120° triple points

ol,/en. curved or straight
when parallel to foliation

ol. and en. porphyroclasts:
irregular, invaded by
neoblasts

ol. and en. neoblasts:
straight or rounded

ol. tablets: straight
rational faces

en, porphyroclasts:
irregular, invaded by
neoblasts

ol. and en. neoblasts:
straight, 120° triple points

en,, straight or rounded

straight and embayed

Deformation in crystals
(KB = kink band;
KBB = kink band boundary)

almost none; largely spaced
and clear KB, sharp KBB
converging in triple points
with grain boundaries

almost none; largely spaced
and clear KB, sharp KBB
converging in triple points
with grain boundaries

porphyroclasts: intense;

" closely spaced and wavy
KB, blurred KBB
neoblasts: invisible
tablets: absolutely

nons

en, porphyroclasts:
intense distortion in lattices

neoblasts: ol, almost none
en., invisible

en., invisible

almost none, wavy KB

Structures in the nodule
{foliation S = plane of mineral
flattening;;
lineation L = mineral
elongation in S)

no foliation

no lineation

good foliation

~ weak lineation

good foliation

good lineation

good foliation

excellent lineation

excellent non-penetrative
“foliation”
excellent lineation

excelient foliation

excellent lineation

Fabrics olivine and enstatite
preferred orientations
(L = perpendicular;
// = parallel)

ol.: weakly orthorhombic
Xol. L Sifany
en.: almost random

ol.:good X ol. L S;
Y ol. and Z ol, girdles in S
weak maxima

en:Xen L Sorgirdle L S

porphyroclasts: strong
Xol LS Zol//L;
Xen girdle L §
Zen //L

neoblasts: X ol. L §
weak Z ol. //L

tablets: strong
Xol LS, Zol//L

ol. neoblasts: almost random,
weak Z ol. // L

strong local ol.
subfabrics

unknown

tabular olivine:
Xol LS, Zol.//L
en: random

Dominant petrographic type.

garnet- and spinel-poor

garnet- and spinel-poor

garnet therzolite

garnet lherzolite

garnet lherzolite

See restrictions p. 100. harzburgite 72 9,* harzburgite 839,% and harzburgite
* Jagersfontein field count
Numerical importance. 50% 29% 13% 8%

See restrictions p.100. 66%* coarse tabular and porphyroclastic 11 %% 29%*

* Jagersfontein field count
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1 B
F}G. 1. Protggranular textures. Photomicrographs between crossed polarizers and drawings after the % ; LSS
pictures. Qlwmc: blank, except for the KBB represented by lines of small dots. Orthopyroxene: 2 N R ] % LSS
gashesé, ahglnedl pirallcl to the (100) plane when visible. Clinopyroxene: heavy contours and heavy LU IR LY £ ! 3 SRR 4
ots. Spinel: 4 e s
g blac ;. 4. Porphyroclastic texture observed in the a—c kinematic plane, the flow direction (e kin.) is
approximately horizontal. Note the enstatite porphyroclast deformed by gliding due to a sinistral
simple shear. The central lens rich in enstatite, spinel, and diopside probably derives from a formerly
large enstatite crystal with spinel and diopside exsolutions as in Figs. 1 and 2. Ornament as in Fig. 1.



Fi1G. 6. Photomicrographs (crossed polarizers) and drawings of Sample DSW-1 (A) and PBN-3. (B).
Equigranular textures. Ornament as in Fig. 1.

A Tabular equigranular texture,
B Mosaic equigranular texture.



FiG. 12. Photomicrographs (crossed polarizers) and drawings of Samples 69-SAL-225 (A) and 70-
SAL-16(B). Transitional textures between the protogranularand the porphyroclastic textures, observed
in the a-c kinematic plane, a kin. horizontal. A comparison with the typical protogranular textures of
Fig. 1 emphasizes the fact that the crystals are elongated and oriented in a common direction (develop-
ment of a foliation and of a stronger fabric: see Mercier, 1972, p. 126). For individual crystals there
is a definite relation between the development of elongation, ragged contours and kink-bands with

boundaries normal to the elongation. This is expfained by the initiation of intracrystalline gliding with
1G. 8. Photomicrograph (crossed polarizers) and drawing of sample 69-KI-14, garnet lherzolite froi twisting of the lattice (p. 476).
imberlite. Transitional texture between the porphyroclastic and the tabular equigranular texture.,

observed in the @-c kinematic plane, a kin. horizontal. Ornament as in Fig. 1.




FiG. 13. Photomicrographs (crossed polarizers) illustrating transitional textures between porphyro-

clastic and equigranular types, observed in the a—c kinematic plane (a kin. horizontal).

A Coarse-grained texture with few large tablets (Sample SAL-18).

B & C Common types with increasing proportion of tablet often elongaged parallel to porphyroclast
crystallographic axes (B: sample PAL~22, histogram 14, Fig. 16; C: sample SAL-3, histogram 12,
Fig. 16).

D Enlarged section showing the tablets post-date kink-banding in porphyroclasts; also note some
eguant neoblasts (Sample PAL-15).



F1G. 14. Photomicrographs illustrating spinel habits in relation with the textural groups.

A Protogranular texture: vermicular spine! partly still as exsolutions in enstatite (Sample PAL-18).

B Protogranular texture: vermicular spinel lying between recrystallized enstatites, still in clusters
(Sample SAL-20).

C Porphyroclastic texture: holly-leaf shaped spinels mostly surrounded by olivine crystals and
parallel to the foliation (LPG-1).

D Equigranular texture (tending toward secondary protogranular one): large rounded spinels in
inclusions in olivine or at the triple points (Sample 73-BNT-1).



FiG. 17. Photomicrographs (crossed polarizers) illustrating secondary textures indicated by spinel
inclusions in olivine.

A Secondary protogranular texture (Sample 73-BNT-1).

B Secondary protogranular texture: both diopside and spinel as primary minerals (marked Di, Sp)
and secondary exsolved ones in enstatites (marked Ex)—Sample 69-SAL-63.

C Secondary porphyroclastic texture: moderate deformation (Sample PAL-11).

D Secondary porphyroclastic texture: strong deformation (Sample PBN-14).



B. Harte 1975

TEXTURES AND FABRICS OF UPPER-MANTLE PERIDOTITES 471
TABLE 1

Main features of the textural types allowing distinction between protogranular,
porphyroclastic and equigranular textures, and between primary or ‘secondary’
(i.e. later) cycles

Olivine fabric Weak X Strong Z (porph.) Strong X or weak fabric
Spinel shape Blebs in enstatite Holly-leaf shaped Inclusions in olivine
Olivine boundaries Curvilinear Ragged - polygonal Only polygonal

No spinel inclusions PROTOGRANULAR I PORPHYROCLASTICI EQUIGRANULAR I
in porphyroclasts 5

Spinel inclusions in PROTOGRANULAR II PORPHYROCLASTIC II EQUIGRANULAR II
(remnant)
porphyroclasts




PLAGIOCLASE
Boundary ol

the cumulus
crystols (labruclorlre)
diagrammatically shown by the mnermost
rectongle The Imits of medium and low

temperature gones, where developed, sthown
outiide the cumulus crystal bounderies

PLAGIOCLASE
Boundary of

PLAGIOCLASE

The cumulus port

the cumulus of the crystol 1

crystals Gcbmdorile)
thown by rthe dofted Ime. Qulside i
adcumuiite growth of plogioclate of

shown within the
dotted hne. This hgs been enlarged by
qrowth of more plagoclate of the jome
simlar compouton In ploces beyond the composition, whch filli the interttuces
broken line1, lower temperature rones are

shown

Pyrosene

Poikulihic  crystals, zomed but tho

Olivine 5 not ndicated

Iron Ore

Guart:r and orthoclose, focally the final

retiduum

FiG. 1. Diagrammatic representation of plagioclase cumulates formed from a gabbroic magma.
A, extreme plagioclase orthocumulate. B, plagioclase mesocumulate. c, extreme plagioclase adcumulate.

Wager et al. Jpet-1 / 1960



A

FiG. 2. Diagrammatic representation of an adcumulate, heteradcumulate, and harrisitic cumulate
formed from gabbroic magma. Plagioclase, white ; olivine, stippled ; pyroxene, cross-hatched. a, plagio-
clase-olivine-augite adcumulate in which the three types of cumulus crystals are considered to have
been enlarged by the adcumulus process until all the intercumulus liquid has besen eliminated (cf.
Fig. 1c). The boundaries of the cumulus crystals of plagioclase, olivine, and pyroxene are indicated
diagrammatically by dotted lines. The material inside and outside the dotted lines has the same com-
position. B, olivine heteradcumulate. Large poikilitic augite and plagioclase crystals, essentially un-
zoned, are shown surrounding cumulus olivines. Adcumulus growth of the olivines is not indicated on
the diagram. In this diagram it is assumed that there was no trapped liquid. ¢, olivine harrisitic cumu-
late. All olivine shown has the same orientation and is essentially unzoned. The surrounding plagio-
clase and pyroxene are also essentially unzoned and are considered to have been formed as in the
heteradcumulates.
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anorthosite Plag
N ANORTHOSITES
90 90 — — — — — — — — — — — — — — — — — — =
(LEUCO-)
65/ — — — \ 65 — — — — — — — — — — — — — — — — —
gabbro
gabbronorite . troctolite
norite NG ~olivine gabbro \  — GABBROIDS
olivine gabbronorite
olivine norite
35/ — A\ 350 -
(MELA-)
10 10 - — — — — — —
plagioclase-bearing ultramafic rocks ULTRAMAFIC ROCKS
Px Ol
Plag Plag
norite i abbro
\/ ' gabbronorite \ /g
/ clinopyroxene orthopyroxene \
10 norite gabbro 10
g plagioclase-bearing pyroxenite 9 \
Opx Cpx
Plag
anorthosite
N ANORTHOSITES
90f s\ — — — — A - —
(LEUCO-)
gabbro 03/ — — — —\- 0f === === === === = — =
gabbronorite, hornblende gabbro
norite v GABBROIDS
35/ TS T N S
plagioclase-bearing plagioclase-bearing (MELA-)
hornblende pyroxenite pyroxene hornblendite

10/ \ 10
A\ Y v /T\ ULTRAMAFIC ROCKS

\plagioclase—bearing plagioclase-bearing )
pyroxenite hornblendite

Px

Fig. 2.6. Modal classification of gabbroic rocks based on the proportions of plagioclase
(Plag), pyroxene (Px), olivine (Ol), orthopyroxene (Opx), clinopyroxene (Cpx), and
hornblende (Hbl) (after Streckeisen, 1976, Fig. 3). Rocks falling in the shaded areas of either
triangular diagram may be further subdivided according to the diagram pointed to by the
arrows.
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90 90
60 ; \ 60
[ \
alkali feldspar rhyolite \ /
rhyolite dacite
/ \
quartz /
alkali feldspar /
trachyte 20/ 10 35 65 2
. \ quartz quartz
alkali feldspar / trachyte latite

0
trachyte basalt
A\/A trachyte | latite \5 andesite P
foi . \ foid-bearing| foid-bearing
oid-bearing p'd trachyte latite 0

alkali feldspar

trachyte 10 20 %
tephritic
. / phonolite \ basanite (olivine > 10%)
phonolite \/ tephrite (olivine < 10%)

phonolitic basanite
(olivine > 10%)
phonolitic tephrite
60 60 (olivine < 10%)

phonolitic foidite / \

90 90

\ foidite
F

tephritic foidite

Fig. 2.11. QAPF modal classification of volcanic rocks (based on Streckeisen, 1978, Fig. 1).
The corners of the double triangle are Q = quartz, A = alkali feldspar, P = plagioclase and F =
feldspathoid. This diagram must not be used for rocks in which the mafic mineral content, M,
is greater than 90%.



Jean-Pierre Bard
Livre textures, 1990

Principales Textures des Roches Magmatiques

: Roches volcaniques (laves)

@® : Plus de 95 % de verre amorphe ou recristallisé

(1) = texture hyaline + pseudo - perlitique ( fentes de retrait) ou per-
litigue (billes de verre cimentées)

(2) et (3) = texture vitro~clastique . &chardes de verre ayant la forme
de X, de T ou de L provenant parfois d'un matériel yvésiculé (ponce);
ces vésicules (lithophyses) peuvent &tre des bulles (2) ol des ca-
neaux (axiolites) & parois fibro-cristallines (3).

@) : Moins de 95 % de verre amorphe ou recristallisé

(4) = texture mierolitique : phénocristaux, phénoclastes et microlites
inclus dans une pate amorphe (var. microlitique poﬁphyrofdes quand
gros phénocristaux)

(5) = texture microlitique fluidale : microlites de la pate dessinant une
structure planaire (plan d'écoulement (de fluidalité) de la lave)

(6) = texture trachytique : moins de 10 % de verre dans lequel s ' orien-
tent des microlites et/ou des phénocristaux de feldspath s' appu-
yant les uns sur les autres

(7) = texture felsitique : décrit une roche microlitique ol la pate a
finement recristallise

(9) = texture sphérolitique : roche microlitique montrant des sphérolites
fibro-radiés issus de la recristallisation du verre ou de la cris-
tallisation rapide tardi-magmatique de microcristaux aciculaires.

O+ Textures "spinifex’ : cf. p. 72.

. Roches hypo-volcaniques (filons et sills) mis en place prés de la surfa-

ce)

(8) = texture granophyrique : symplectite de guartz - Fy autour de por-
phyrocristaux de F

(10)= texture microgrenue : phénocristaunx englobés dans une matrice mi-
crogrenue sub-isogranulaire (var.microgrenue porphyrofde ; text.
Lamprophyrique : ferro-magnésien principal automorphe en phéno-
cristaux et en microcristaux).

O+ Texture des filons basiques : cf. page 126.

. Roches meso-crustales ou de grande profondeur

(11)= texture grenue : roche phanéritique iso-ou hétérogranulaire ( var.
porphyroide cf.(13) )

(12)= texture agpaﬁtique . roche grenue & microlitique caractérisée par
le développement tardi-magmatigue de ses ferro-magnésiens

(14) = texture grenue "en elotgon" : roche affectée d'une protoclase ou
d'un début de cataclase (cf. tectonites p. 150 - 151) caractérisée
par un mortier de microcristaux cimentant des porphyrocristaux.

(15)= texture grenue poecilithique : poecilocristaux automorphes ou Xéno-
morphes englobant d'autres constituants de la roche

O+ Textures de cumulats : cf. p. 71.

126

127
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Fig.2-12A:Textures des roches gabbroiques généralement filoniennes(81).
(1):Texture intergranulainre("dolénitique"s.£.):Les lattes jointives de pla-
gioclase forment une charpente aux espaces intersticiels colmatés par des
minéraux ferro-magnésiens de haute température(olivine,pyroxénes,amphibdles)
(2)Texture intensentale:idem mais interstices occupés par un verre basalti-
que ou des minéraux secondaires de basse température(épidote,chlorites,etc)
(3)Texture ophitique:Les cristaux de plagioclase ne sont pas jointifs mais
englobés par des poecilocristaux de pyroxéne ou d'amphibole .

(4)Texture sub-ophitique:Les lattes de plagioclase sont jointives et les es-
paces intersticiels sont occupés par des pyroxénes ou des amphiboles en noe-
cilocristaux reconnaissables par les orientations optiques et cristallogra-
phiques identiques des plages ferromagnésiennes intersticielles.

NB:Les textures (1) et (2) sont parfodis désignies sous Le ferme de fextures

"dolénitiques" mais Les pétrographes francais tendent a wtilisen ALe Leame
de "doRérnite" pour une roche holocristalline a texture ophitiquelcd.82).
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Principales Textures des Roches Métamorphiques

On obser-

A : Roches sans orientations minéralogiques préférentielles :
= textures granoblastiques
Variétés :(1) = texture isogranulaire (minéraux xénomorphes de méme taille)
(2) = texture polygonale, en mosatque (idem mais minéraux & bordu-
res de grain droites ou courbes et nombreuses jonctions tri-
ples)
(3) = texture hétérogranulaire (minéraux de taille différente).
B : Roches dont la texture est fortement contrélée par 1'habitus de ses cons-
tituants :
(4) = texture lépidoblastique : minéraux en feuillets dominant plus
ou moins orientés
(5) = texture mnématoblastique : minéraux en aiguilles ou en prismes
allongés
(6) = texture porphyroblastique : nombreux poeciloblastes & inclu-
sions hélicitiques
(10)= texture & minéraux en gerbe
(11)= texture 4 minéraux en rosette
(13)= texture vermiculée : symplectite de minéraux lobés.
C : Roches résultant de 1a combinaison de A + B
(1),(2) ou (3) + (4) = texture granoblastique
(1) ,(2) ou (3) + (5) = texture grano-Llépidoblastique
(1) ,(2) ou (3) + (6) = texture grano-porphyroblastique.
D : Roches présentant des minéraux ou des groupements de minéraux sphériques
ou sphéroidaux + englobés dans une matrice de type (1), (2)(3),(4),(5)
(12)= texture noduleuse
(14)= texture coronitique réactionnelle
(15)= texture cetllée, glandulaire (cf. tectonites).
E : Textures de tectonites (tab.v) (Classification de Higgins (85) ).

trés) d'ilménite et de pyroxéne englobés dans des cristaux-intercu-

'% a) Roches sans foliation : (1) = texture cataclastique : 30 % maximum de
clastes de moins de 0,2 mm
(2) = texture protoclastique : roche magmatigque

présentant des minéraux cassés, déformés ou granulés englobés dans les
derniers cristaux ayant cristallisé dans le magma.
b) Roches foliées (Mylonites s.l.) :
(3) = texture protomylonitique : de 50 & 95 %
clastes englobés dans une matrice & grain fin (mortier de petits cris-

téradcumulat Tunaire. Gabbro a@ plagioclase-pyroxene-ilménite Lunaire, Ech. N° 70017-125

taux recristallisés) ; quartz "en rubans" fréquents.
(4) = texture mylonitique oeillde ( " Augen-
gneiss") : 10 & 50 % de porphyroclastes ovoides mono-ou polycristallins
D de plus de 0,2 mm de diamétre moulés par une matrice a grain fin ru-
£ = banée et parfois microplissotée ; Plattengquartz fr?quent.
= 2 (5) = texture ultramylonitique : 0 & 10 % de
o) = porphyroclastes de moins de 0,2 mm englobés et moulés par une matrice
10 _8 grancblastique foliée ou rubanée a grain fin (roche sub - aphanitique
e mimétique d'un métasédiment & grain fin ou d'une lave (pseudo - tachy-
o lite).
o (6) = texture blastomylonitique : 5 & 30 % de
‘3 porphyroclastes plus ou moins recristallisés moulés par une matrice
] granoblastique de minéraux syncinématiques recristallisés et/ou néo -
= formés, cataclase & haute température.

c) Cas particulier des tectonites d'origine mantellique ( Classification
de Ben Harte (B6) (Pl.VI) ):
(1) = texture grenue magmatique ( égquante ou
tabulaire) ; sous-joints & distribution aléatoire dans les olivines et
les pyroxénes

Photo N° §-79-26724 (N.A.S.A.). Cette roche lunaire montre une texture comparable aux hétéradcumulats terrestres.

ve des cristaux sub-automorphes @ jointifs (et interp
mulus trés largement poecilitiques de plagioclase.(cf. p. 72etFig. 2.29).

Fig. 2-33

(2) = texture porphyroclastique '"en clotson" :
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Tab.V

Principaux types de textures de tectonites.

plus de 10 % de porphyroclastes d'olivine, et de pyroxéne + allongés
dans une foliation et cimentés par des petits cristaux d *“olivine en
mosatque libres de déformation (cristaux néoformés ouissus de la re-
cristallisation de sous-grains)

(3) = texture porphyroclastique "en mosailque:
moins de 10 % de porphyroclastes d'olivine (surtout desporphyroclastes
de pyroxéne) inclus dans une matrice foliée granoblastique polygonale
ollprédominent des petites olivines libres de déformation ( nombreuses

jonctions triples)
(4) = texture granoblastique en " mosaique

fluidale” : 0 % de porphyroclastes d'olivine ; rares porphyroclastes
de pyroxéne se désagrégeant en de nombreux sous-grains déterminant un
fin litage ; matrice granoblastique en mosalque polygonale hétérogra-
nulaire d'olivine non-déformée et non-orientée

(5) et (6) = Textures sgsecondaires de restau—
ration tabulaire (5) ou & gros grain (6) : nombreux points triples &
120°.

(7) = Contraste mésoscopique textural d'une
mylonite (cas d'un orthogneiss granitique fortement déformé) selon les
sections d'observation : face A : faciés d'Augengheiss ; face B : fa-
ciés mylonitigue proche d'une ultramylonite rubanée ; face C : faciés
fortement linéaire (linéation d'allongement trés marquée).

Tab.IV:Principales textures des Roches Métamorphiques (Légende p.149).
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Fig.2-59:Textures des "quartz en ruban" dans les mylonites
Fig.A:Granite cisaill? du Gofo (Conse, France).

Cette roche provient de la partie la plus déformée(déformation plastique )
d'un granite porphyroide affecté de surfaces de cisaillement ductile( "shean
zones").La texture magmatique a disparu au profit d'une foliation et d'un 1i-
tage tectoniques dans lesquels les constituants primaires du granite sont
fortement &tirés, aplatis et partiellement recristallisés de fagon syntecto-
nique.Les cristaux de quartz protérogénes,nourris par des transferts de sili-
ce, donnent ici des rubans polycristallins dans lesquels on observe une mo-
saTque de cristaux denticulés de grains de quartz.En lumiére polarisée on
voit que ces grains ont une orientation optique préférentielle(ce que confir
me 1'étude des axes C du quartz & la platine universelle et le report de ces
axes dans un diagramme de Wulf).Cette orientation est attribuée i des glis-
sements intracristallins 1iés aux mouvements des dislocations(cf.p.51 ) lors
d'une déformation plastique intense.Les axes C du quartz déterminent une 1i-
néation d'allongement proche de 1a direction de transport de la matiére (1i-
néation de type "a");cette linéation est & peu prés contenue dans le plan de
foliation.

Fig.B:Leptynite a grenat, Sainte-Marie-aux-Mines (Vosges, France)

Cette roche est une granulite acide présentant de longs rubans polycristal-
lins de quartz de type "PLattenquartz".lLes cristaux de quartz forment une
couche de grains sub-rectangulairessans orientation optique nette qui ont
recnistallisé en climat statique(recristallisation secondaire par "recuit" )
sous des températures de 1'ordre de 400-600°¢c. Les "Plattenquartz" ne sont pas
cantonnés aux seules roches du faciés granulite car il s'agit de rubans que
1'on rencontre dans des tectonites “profondes" qui n'ont pas nécessairement
subies Tes conditions de ce faciés minéralogique.
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des

I1 est probable qu'une

de petits pyroxénes n'ayant

une mosaique

Websténite de La négion de L'Etang de Lhenz(Pynénies,France ).
constituée d'

: Texture porphyroclastique "incipiente" (native). tenit d ; _ :
Cette roche u]tramafgqug %ontre une texture magmatique @ gros grains 2quants de pyroxéne. Certains cristaux présentent

i i -grains jointifs.
de cisaillement le long desquelles les pyroxénes se morcellent en petits sous grains join | est : (
Eiggiiuaiign des mécanismes e% des conditions de la déformation de cette roche se serait traduite par 1'individualisation des
porphyroclastes résiduels de pyroxéne noyés dans une matrice rubanée
pas d'orientation optique particuliére.

Fig. 2-60
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IGNEOUS MINERALS AND THEIR TEXTURES

because this would be the lowest energy state. Under natural conditions,
however, diffusion is so slow, and the differences of surface energy of crys-
tals are so small that after they reach half a centimeter or so in size this
process comes to an end. There are other factors, however, that can con-
tribute to very large crystals. Rocks with exceptionally large crystals,
broadly referred to as pegmatites, owe their course-grained textures to
crystallization in the presence of a fluid phase, usually one rich in water.
The fluid facilitates the transfer of components to the growing crystals,
cither by flowing over them or by providing a medium in which diffusion
is greatly accelerated over what it normally is in volatile-poor silicate
melts. Other components, such as fluorine or chlorine, may have a similar
effect.

B Textures of Igneous Rocks

Many of the factors governing the nucleation and growth of crystals de-
scribed in the preceding section are reflected in the textures of volcanic and
plutonic rocks. The principal effects fall into several general categories.

a. High rates of cooling and supersaturation (Fig. 4-20) tend to cause
rapid growth of slender crystals that are greatly elongated in one
crystallographic direction. The crystals may radiate from a common
center or form curved and branching clusters of tiny microlites. Because
the edges and corners of crystals can draw on larger volumes of
adjacent liquid than can planar faces, they grow more rapidly and
produce crystals with hollow cores and “swallow-tail” longitudinal
sections.

b. Differing rates of nucleation and growth (Fig.4-21) can cause one
mineral to form large numbers of small crystals while another forms
larger crystals growing on a smaller number of nuclei. If one of the
minerals crystallizes earlier or faster than the others, it may form
large phenocrysts that give the rock a porphyritic texture. If most
crystals nucleate and grow at the same rates, however, they tend to
develop intergranular textures, in which grains of pyroxene, olivine,
and oxide minerals lie between laths of plagioclase. If, as often happens
in slowly cooled basalts, pyroxene forms few nuclei but larger individual
grains, it may partly encase the laths of plagioclase and form what is
referred to as ophitic textures. In extreme cases, one of the minerals
may grow from a small number of nuclei and completely enclose many
other crystals of smaller size to form what is called poikilitic texture.

TEXTURES OF IGNEOUS ROCKS

Mc Birney 2007

Figure 4-20 Textures produced by rapid cooling and high supersaturation. (a) Crystals in rapidly quenched
basaltic lavas are commonly very elongated and may have hollow cores. Small microlites form curved and
branching clusters. (b) Spinifex textures in ultramafic lavas are characterized by long, slender needles of
olivine or pyroxene. In this case, elongation may result from the very low viscosity and high diffusivity of
the liquid. (c) Similar textures are produced by elongated plagioclase or olivine crystals in gabbros, which
may have had high water contents that facilitated diffusion. The texture illustrated here is that of the
“perpendicular feldspar rock” of the Skaergaard intrusion, but similar textures are found in some olivine-rich
gabbros, such as the harrisitic rocks of Rhum, Scotland. (d} Quenched siliceous liquids rarely nucleate large
crystals but may have small microlites. The perfitic texture common to many rhyolites erupted in a wet
environment probably forms as a result of hydration, expansion, and cracking of glass after it cooled.

Figure 4-21 Textures illustrating differing rates of nucleation and growth. (a) Phenocrysts formed during an
early period of crystallization, usually before eruption, give rocks a porphyritic texture. (b} If the principal
groundmass minerals grow from many nuclei and at similar rates, the mafic minerals tend to occupy the
spaces between plagioclase laths and give the rock an intergranular texture. (c) If pyroxene grows from a
smallerlnumber of nuclei and partly enclose the plagioclase crystals, as it does in many dolerites, the
texture is said to be ophitic. {d) Poikilitic textures represent an extreme case in which large crystals grow
through extensive parts of the rock and completely enclose smaller grains.
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Figure 4-22 Textures resulting from differing proportions of residual glass. (a) Intersertal textures are
common in basaltic lavas in which small pools of glass remain between crystals of plagioclase, pyroxene,
and olivine. (b) The groundmasses of many andesites and dacites are composed of clear glass with many
randomly oriented small crystals. Such textures are called hyalopilitic. (c) Vitrophyric textures in which large
phenocrysts are scattered through a glassy groundmass are common in pyroclastic rocks. In this example,
the glass has small gas cavities, which make the rock vesicular. With larger proportions of crystals,
vitrophyric rocks grade into those with hyaloophitic textures (d), in which glass partly or completely
encloses the crystals.

c. The amount of residual glass (Fig. 4-22) may vary between wide extremes.
If small pools of glass occupy the interstices between crystals, the
texture is said to be intersertal, but if the glass is continuous through
the groundmass, it produces a hyalophitic texture, in which glass partly
surrounds individual crystals. Hyalopilitic textures are common in
siliceous lavas, such as dacites and trachytes. They are distinguished by
a glassy matrix crowded with many small crystals, but this term would
not be applied to a rock with only glass in its groundmass; instead, a
rock with large phenocrysts suspended in a matrix that is wholly glassy,
or very neatly so, is said to be vitrophyric.

d. Flow structures in highly viscous magmas that were moving at the time
they solidified may align the crystals in wavy or planar layers (Fig. 4-23).
Many andesitic and dacitic lavas have a pilotaxitic groundmass
crowded with small, crudely aligned crystals. The alignment of
feldspars may be so pronounced that they give the rock a felted
appearance that characterizes trachytic textures. If the rock has much
glass, however, flow-banding may develop along planes of shear, and if
vesicles have formed, they tend to be stretched parallel to the direction
of flow.

e. The relative development of crystal faces and mutual interference of
grains (Fig.4-24) results in a variety of textures ranging between those

TEXTURES OF IGNEOUS ROCKS

Figure 4-23 Flow structures in viscous lavas. (a) Many andesites and dacites have pilotaxitic textures in
which the groundmass consists of crudely aligned small crystals that swirl around larger phenocrysts.

(b} In trachytic rocks, the alignment of small crystals is stronger and they give the entire rock a felted
appearance. (c] Flow-banding in thyolite results from concentration of tiny crystals or vesicles along planes
of shear and deformation. (d) The vesicles of basaltic lavas may be stretched if the lava is too viscous for
them to maintain a normal spherical shape.

Figure 4-24 Textures resulting from differences of crystal form. (a) Most granitic rocks have
hypidiomorphic granular textures in which some crystals have euheral forms, some poorly developed
faces, and others no crystal form at all. (b) If most of the crystals are euhedral, the rock is said to be
panidiomorphic, but (c) if crystal faces are rare the texture is allotriomorphic, as it is, for example, in many
aplites. {d) Rapid eutectic crystallization of siliceous liquids produces granaphyric textures characterized
by intergrowths of quartz and alkali feldspars. The patterns of intergrowth are crudely controlled by
crystallographic features of the host crystal, and if this produces a coarse texture with strong alignment
of the enclosed crystals, the texture is said to be graphic.
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that are panidiomorphic and have a large proportion of euhedral grains,
through hypidiomorphic rocks, in which some minerals form well-
developed crystals while others do not, to allotriomorphic textures in
which few if any of the crystals have euhedral outlines. Rocks with
textures that have adjusted during prolonged slow cooling tend to
develop nearly equidimensional anhedral grains with boundaries that
intersect at angles approaching 120 degrees. Such rocks contain few
minerals that preserve their crystal faces, but some phases, particularly
apatite, zircon, sphene, and other accessory minerals, have well-
developed forms, just as they do in metamorphic rocks. A particular
feature of intergrowths developed from rapid eutectic crystallization is
granophyric or myrmekitic texture, in which one mineral forms wormy
or cuneiform blebs within another.

The degree of crystal-liquid fractionation (Fig. 4-25) during slow
crystallization has an important influence on the modal proportions,
compositions, and textural relationships of individual minerals. These
effects are best seen in cumulate rocks formed from crystals that
accumulate near the cooling margins of a crystallizing magma. The

Figure 4-25 The effects of separation or re-equilibration of the intercrystalline liquid between early-
crystallizing minerals can be thought of in terms of two hypothetical extremes. With no separation (a), the
liquid between the liquidus minerals is “trapped” and, as it cools, precipitates minerals with compositions
different from the initial ones. The resulting rock is referred to as an orthocumulate. If, as in (b), continued
exchange between the interstitial liquid and a much larger reservoir of magma makes it possible for the
primary precipitates to continue to grow without changing composition, components excluded from these
crystals are expelled and are not precipitated by later crystallization as they would have been if trapped.
The final assemblage consists of only the primary precipitates, unchanged from their liquidus compositions,
and is known as an adcumulate.

TEXTURES OF IGNEOUS ROCKS

original definition of these rocks assumed that they resulted from
gravitational segregation, but similar textural relations are observed in
rocks that appear to have crystallized in place.

The main types of cumulates are distinguished by the amount of growth of
early-formed crystals, or primary precipitates, before the appearance of later
crystals that grew from the interstitial or “trapped” liquid. If minerals nucle-
ate and grow from the trapped liquid, the rock is said to be an orthocumu-
late. If the first-formed crystals continue to grow with a constant composition
through efficient equilibration with the main reservoir of liquid, the residual
components are effectively excluded and the final assemblage, known as an
adcumulate, contains few if any crystals precipitated from a trapped liquid.
In this latter case, in which diffusion keeps up with crystallization and
the concentration gradient between the interstitial liquid and the main reser-
voir of magma is weak, the interstitial liquid may never nucleate new
phases. The result is a rock consisting of unzoned crystals of one or more
minerals. Intermediate cases may result from a combination of adcumulus
enlargement, zoning of early crystals, and nucleation and growth of later
ones through the interstices; this type of crystallization produces mesocu-
mulates that may differ widely in the proportions and grain sizes of their
crystals.

Many cumulate rocks, especially those of gabbroic and syenitic compo-

sitions, have pronounced layering, normally parallel to the floor and walls

of the intrusion. The layering may result from differences of the proportions
of dark and light minerals or from differences of grain size. Various kinds of
layering have been attributed to different proposed mechanisms. Examples
are discussed in Chapter 6.

Tabular or prismatic minerals having a preferred orientation may give a
rock igneous lamination (Fig 4-26a). The orientation is usually parallel to the
cooling surface of the floor, wall, or roof, but under certain conditions of
cooling and strong supersaturation, crystals may grow with a marked elon-
gation perpendicular to the solidification front. The name crescumulate has
been coined for textures of this kind (Fig. 4-26b). Long slender crystals
of olivine, plagioclase, or pyroxene may grow like blades of grass on the
floor or walls of the intrusion. Crescumulate textures are most common in
mafic plutonic rocks, but they have also been found in the margins of gra-
nitic plutons.

Growth of slender crystals normal to the cooling surface has been
attributed to a phenomenon known as constitutional supercooling. If the
rate of cooling is rapid compared to that of diffusion, a condition can
result in which liquid in a zone adjacent to the crystals becomes supersat-
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(a) (b)
Figure 4-26 (a) lgneous lamination in a gabbro of the Stillwater Complex, Montana, is the result of
pyroxene having a preferred orientation in a plane of layering. Elongated crystals rarely have a linear
orientation within the same plane. (b) Crystals may also have a preferred orientation perpendicular to the

plane of the layering. In this case, the elongated, subparallel crystals of plagioclase give the rock a
crescumulate texture. Layers of crystals oriented in this way are referred to as “Willow Lake type layering.”

urated because the profile of temperature and composition falls below the
liquidus curve. The mechanism is explained more fully in the legend of

Figure 4-27.

A Word of Caution

One final point before going on: in dealing with these mineral assemblages
and textures, it is well to remember that what we see or measure in an
igneous rock is the final product of a long and complex process of cooling
and crystallization under conditions that can only be guessed by indirect
means. No magma has ever been observed while crystallizing under condi-
tions of slow cooling and equilibration. Laboratory experiments are too
brief, and even the deep lava lakes described earlier crystallize far too rap-
idly to provide a true analog of processes taking place in the crust or man-
tle. One cannot always be certain, therefore, which of the textural features
of plutonic rocks can be attributed to crystallization from a magmatic lig-
uid and which reflect the later cooling history of an essentially solid
rock. Recent work on plutonic intrusions has revealed that many rocks that
were once interpreted as unaltered products of magmatic crystallization
have, in fact, recrystallized and no longer retain their original compositions

or textures.
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Figure 4-27 |f a front of crystallization advances into a liquid with an initial composition C, and crystal are
richer in the high-temperature component A than the coexisting liquid, the components will have a
distribution similar to that shown schematically in the upper diagram. The liquid immediately adjacent to
the crystals is enriched in B relative to the solid and the main magma reservoir, and a compositional
gradient extends away from the crystals into the hotter liquid above. If the front advances rapidly, the
gradient is steep, as in curve "r," but with slower crystallization diffusion reduces the gradient to a more
gentle form like “s.” In the lower diagram, the temperature in the liquid is shown in relationship to liquidus
and solidus curves. Under conditions of rapid advance, the compositional gradient may be steep enough to
cause the concentration of B to fall below the saturation level defined by the liquidus curve, and an
unstable zone of supersaturation (shown by diagonal ruling) can cause the liquid to be “constitutionally
supercooled.” Any crystal that extends into this zone provides a site for rapid growth in the direction normal
to the main crystal-liquid boundary. With slower crystallization (curve "s”), the concentration of B does not
fall below the saturation level, and crystal growth is restricted to a narrow zone parallel to the front.
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