[image: image72.jpg]28 Dendritic olivines

A1l the delicate, dendritic crystals in this photograph are
ines which formed during exceedingly rapid solidifica-

tion of the basalt melt, part of which became the yellow

glass

Specimen of olivine basalt melted and then cooled at

400°/hr in the laboratory ; magnification x 40, PPL.

29 Embayment in augite phenocryst

The large augite crystal in this photograph contains a
deep embayment filled with the basaltic groundmass. The
irregular outline of this embayment distinguishes it from
the embayments in the skeletal crystals in 27. Note also
the distinct marginal zoning and the delicate ‘patchy zon-
ing’ within the crystal.

Olivine basalt from Arthur’s Seat, Edinburgh, Scotland;
magnification x 23, XPL.
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INTRODUCTION

The term texture is essentially meant to describe the interrelationships between the various minerals in a rock. It includes the size and shape of the different minerals, the way in which they are distributed through a rock, and their relation to each other. The texture reveals much about the origin and the crystallization history of the magma form which the rock was derived, for instance, the rate of cooling and the sequence in which minerals were formed. Therefore, a discussion of the texture forms an essential part of a rock description.
This chapter aims at as complete as possible an overview of all existing textures of igneous rocks, although it would be quite an achievement of the fourth year petrology student to know them all by heart. An attempt has been made not only to describe the various textures, but also to explain them.

GRAIN SIZE

The grain size of minerals in igneous rocks varies greatly from very fine grained to very coarse. In aphanitic rocks the minerals are so fine grained that they cannot be observed with naked eye. In phaneritic rocks the minerals can be observed without optical aid. This category is roughly subdivided according to grain size into fine grained, medium grained and coarse grained in the following way:
Diameter 5mm or more

:
Coarse grained phaneritic
Diameter 1 to 5mm large

:
Medium grained phaneritic

Diameter up to 1mm

:
Fine grained phaneritic

Too fine to see with unaided eye
:
Aphanitic

As was already observed while discussing the classification of igneous rocks, the plutonic rocks are typically phaneritic, whereas the matrix of volcanic lavas is either glassy or aphanitic. The coarseness of the crystals in intrusive rocks reflects the slow cooling history of the magma. This is in sharp contrast with the high cooling rate of a lava. The crystallization of an intrusive basic magma may take 1000’s to millions of years, whereas a basic lava can solidify in one year or less! Hypabyssal rocks occupy an intermediate position between the plutonic and volcanic rocks: they crystallize below the surface of the earth, but at shallow depth, usually in dykes or veins, or in relatively thin sills. Cooling rates are therefore high and consequently the resulting rock is fine grained.
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 Fig. 1a-Coarse-grained               1b-Medium-grained                    1c-Fine-grained

GRAIN SHAPE

Shapes of crystals are characterized by the degree of development of crystal faces. In igneous rocks the grain shape often reflects the sequence of crystallization: if a mineral is among the first to crystallize from a melt it has the space and time to develop its proper habit. Hence these minerals tend to develop their ideal crystal shape. Later formed minerals can grow only in spaces left between the earlier crystals. They tend to have an irregular shape. Commonly used terms for grain shapes are as follows:

Euhedral (idiomorphic)
: 
Well-developed crystal faces, grains show perfect or nearly   

                                                            perfect shape.

Subhedral (hypidiomorphic:
Partly developed crystal faces, grains show an imperfect but 
                                                            still recognizable crystal shape.

Anhedral (xenomorphic)
:
No crystal faces developed, grains show no regular shape.
[image: image59.jpg]17 Coarse-grained olivine gabbro

At this magnification only parts of three large olivines
and one plagioclase are visible, such that textural relations
are not determinable in this single view.

Gabbro from Rhum, Scotland; magnificationx 27, PPL
and XPL.



[image: image60.jpg]Fine-grained gabbro (continued)
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[image: image61.jpg]15 Fine-grained gabbro

This rock contains plagioclase, orthopyroxene, augite and
magnetite; some of the orthopyroxene crystals (low
birefringent mafic mineral) contain narrow lamellae of
augite. Although the rock is fine grained, it is called a
‘gabbro’ because it is from a large intrusion; the fine
grain size results from quick cooling at the intrusion
‘margin. Another term that could be used for this rock is
microgabbro (see p. 8).

Gabbro from chilled margin of the Skaergaard intrusion,
East Greenland; magnification x 27, PPL and XPL



[image: image2.jpg]23 Euhedral olivine in

The photograph shows the characteristic six-sided eu-
hedral shape of olivine in sections through the prism and
dome faces. Note the slight enclosure of matrix material
by one of the prism faces.

Olivine basalt from Ubekendt Ejland, West Greenland;
magnification x 40, XPL.

24 Subhedral olivine in picritic basalt

Some of the faces on this equidimensional olivine crystal
are flat, planar ones, whereas others are curved and
embayed.

Picritic basalt from Ubekendt Ejland, West Greenland;
magnification x 72, XPL.
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by one of the prism faces.

Olivine basalt from Ubekendt Ejland, West Greenland;
magnification x 40, XPL.
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 [image: image4.jpg]25 Anhedral olivine phenocryst in basalt

The entire perimeter of the large olivine crystal, at extinc-
tion in this picture, has an irregular outline and no planar
faces are present. (The narrow brown rim on the crystal
is ‘iddingsite’ formed by hydration and oxidation of the
olivine.)

Olivine basalt from Mauritius, Indian Ocean; magnifica-
tionx 32, XPL.





Common examples of euhedral minerals in igneous rocks are phenocrysts of plagioclase or mafic minerals in basalts or andesites. Granites consist of predominantly subhedral quartz and feldspar crystals. In gabbros you can usually establish easily the order of crystallization from grain shapes (See Figure 6-1) and sometimes also from reaction rims (See Figure 3).
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[image: image63.jpg]crystalline pitchstone with perlitic
cracks

oclase, biotite and magnetite in this rock
s (black in XPL) which has spherical frac-
n as perlitic cracks: these appear as circles in

Chemnitz, East Germany; magnification
YPL
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[image: image64.jpg]106 Vesicular feldspar-phyric basalt

Large subspherical gas cavities are randomly distributed
n this volcanic rock. Note the two vesicles at the top left
which have coalesced.

asalt from Mount Fuji, Japan; magnificationx 7, PPL
and XPL.




[image: image5.jpg]39 Euhedral granular hornblendite

Rocks possessing truly euhedral granular textures are
very rare. The one in this figure is a good example of a
more common situation in which only some of the crystals
of the principal mineral, hornblende, are euhedral and
some strictly are subhedral. In contrast to 40, there are a
higher proportion of crystals with faces and the term
‘euhedral granular’ is therefore suggested as most ap-
propriate. It should be appreciated, however, that another
petrologist might prefer ‘subhedral granular’.

Hornblendite from Ardsheal Hill, Scotland; magnification
x7, XPL.

40 Subhedral granular gabbro

The stout prismatic plagioclase feldspar crystals which
dominate this rock are mostly subhedral. The anhedral
interstitial crystals are of orthopyroxene, augite and
magnetite.

Gabbro from Middle Zone of the Skaergaard intrusion,
East Greenland ; magnification x 20, XPL.

41 (Anhedral) granular troctolite

Only a few of the plagioclases in this equigranular rock
possess a face and none of the olivines do. The crystals
are therefore predominantly anhedral and the ‘mosaic’
texture is granular.

Troctolite from Garbh Bheinn intrusion, Skye, Scotland;
magnification x 17, XPL.
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Many igneous rocks consist largely of equal-sized, anhedral or subhedral grains. This rock texture is referred to as equigranular. If the grains are not equal in size the terms to be used is inequigranular. If a mineral species is conspicuously larger than others in an igneous rock, the texture of the rock is called porphyritic. 
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Fig. 4 Porphyritic texture

The larger minerals are called porphyries or phenocrysts, the latter terms is especially used when describing porphyries in volcanic rocks. The porphyritic minerals are the first minerals to crystallize from the magma, which explains their larger size and the fact that they are usually euhedral in shape. Porphyries that contain inclusions of other minerals are said to be poikilitic.
PORPHYRITIC TEXTURES

In basic igneous rocks four different types of porphyritic texture can develop, involving the textural relation between plagioclase and pyroxene crystals. These are (See Illustrations in Figure 6-2).

(i) Ophitic textures. Laths of fine grained, euhedral plagioclase crystals are enclosed by a large pyroxene crystal. The texture is common in basic intrusive rocks, as is the related texture (ii).
[image: image10.jpg]52 Ophitic-textured alkali olivine dolerite

Two large anhedral crystals of augite enclose numerous,
randomly arranged lath-shaped plagioclases. Note that
many of the plagioclases are associated in groups. The
larger augite crystal has a variable colour due to a chemical
zoning (see p. 61).

Olivine dolerite from Shiant Isles still, Scotland ; magnifica-
tionx 11, XPL.

53 Subophitic texture in olivine dolerite

The photographs show plagioclase laths embedded in
several augite crystals; whereas some of the plagioclases
are wholly embedded, others penetrate beyond the augite
crystals. The other mafic mineral present is olivine which
s partially altered to a green clay-like mineral and is
Gistinguished from the augite by its colour in the PPL

ew

Jlivine dolerite from unknown British source; magnifica-
nx 27, PPL and XPL.





Fig. 5 Ophitic-textured alkali olivine dolerite

(ii) Subophitix texture. Similar to (i), but the plagioclase laths lie partly inside, partly outside the pyroxene porphyry.
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Fig. 6 Subophitic texture in olivine dolerite
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54 Subophitic alkali olivine dolerite

In this view plagioclase laths are embedded in olivine
rather than pyroxene. One olivine crystal is at extinction
in the XPL photograph and another shows orange inter-
ference colour. The other mafic mineral in the pictures is
augite showing a purple interference colour.

Olivine dolerite from Shiant Isles sill, Scotland; magnifica-
tionx 26, PPL and XPL.

See 121, 126, 128 and 164 for additional examples of
subophitic texture; 121 is particularly interesting because
here the pyroxene is subophitically enclosed by plagioclase,
and in 164 pyroxene is subophitically enclosed by kalsilite.

55 Poikilophitic texture in olivine gabbro

For the texture shown here the term poikilophitic is
preferable to ophitic because (a) the large augite encloses
some equant olivines in addition to plagioclases, and
(b) many of the plagioclases are not markedly elongate.

Olivine gabbro from Lower Zone a of the Skaergaard
intrusion, East Greenland; magnification x 10, XPL.
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Fig. 7 Subophitic alkali olivine dolerite
(iii) Ophitic textures. Crisscross orientated plagioclase laths, the interstitial spaces filed by finer grained pyroxene crystals. This is the typical texture of dolerite dykes, but may also occur in basalts.
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Fig. 8 Intergranular dolerite
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Fig. 9 Intergranular olivine gabbro

(iv) Ophitic textures. Similar to (iii), but the interstitial spaces between the plagioclase laths are filled with basaltic glass. This texture only occurs in basic volcanic rocks.
   [image: image18.jpg]ic basalt with two types of
interstitial texture

In this photograph patches between some of the plagio-
clases are occupied by brown glass (partly devitrified)
and between others by clots of small augite crystals with-
out any glass present, i.e. domains of both intersertal and
intergranular texture are present.

Tholeiitic basalt from Ubekend: Ejland, West Greenland ;
magnification x 27, PPL and XPL.

63 Intersertal, intergranular and subophitic
textures in dolerite
All three of these textures co-exist in this rock.

Dolerite from Whin sill, Northumberland, England ; magni-
fication x 26, PPL and XPL.



  [image: image19.jpg]al, intergranular and subophitic textures in
¢ (continued).





Fig. 10 Intersertal, intergranular and subophitic textures in dolerite
The intergranular texture can be explained with the aid of the ternary system Anorthite-Diopside-Forsterite. It is produced by the crystallization of a melt with a composition such as L in Figure 6-3a, which starts with formation of primary plagioclase crystals, followed by minor olivine, and finally by pyroxene. Ophitic texture also is produced by primary crystallization of plagioclase laths, followed by simultaneous crystallization of plagioclase and pyroxene during which pyroxene forms poikilitic grains surrounding the plagioclase laths. This is illustrated with the aid of the ternary system Diopside-Albite-Anorthite (See Figure 6-3b).
[image: image20.jpg]



Fig. 11 (a) Origin of intergranular texture explained by crystallization path of a liquid L in the 

      system an Di Fo.

[image: image21.jpg]



Fig. 11(b) Ophitic texture explained with the aid of the system Di-Ab-An (after Bard, 1986).

Porphyritic textures are also very common in granitic and syenitic rocks. It is either alkali feldspar (orthoclase or microcline) or plagioclase that develops porphyritic dimensions (See Figure 6-6). A special type of porphyritic granite texture is the Rapakivi texture, which is characterized by very large, pink alkali feldspar porphyries that are rimmed by bluish plagioclase. Granites showing this texture are called Rapakivi granites after the type locality in Finland. The origin of the texture is as yet not well understood.

[image: image22.jpg]93 Corona texture

Between olivine and plagioclase crystals in this rock there
is a 0.02-0.06mm wide corona which consists of either
one or two zones: (1) radially oriented, fibrous, brown
hornblende; or (2) colourless pyroxene (see middle of
photograph) surrounded by radially oriented, fibrous,
brown hornblende. Analysis of the pyroxene suggests that
it is a submicroscopic intergrowth of augite and ortho-
pyroxene.

Olivine gabbro from Thessaloniki, North Greece; magni-
fication x 100, PPL and XPL.

L ]
94 Rapikivi texture

The texture is of large, round potassic feldspars, some of
which are mantled by sodic plagioclase rims, others have
no plagioclase rims. In the first photograph, which is of a
polished hand specimen, the plagioclase rims have a
greenish colour contrasting with the pink potassic feld-
spar. The second photograph is of a thin section of the
same rock.

Granite from Eastern Finland; magnificationx 2 (first
photo); x 3, XPL (second photo).



  [image: image23.jpg]Fakivi texture (continued)

95 Zonal arrangement of melt inclusions in
plagioclase

Several stages in the growth of this plagioclase crystal can
be picked out by the bands of minute melt inclusions. (See
also 45.)

Feldspar-phyric dolerite from Isle of Skye, Scotland,
magnification x 9, PPL.

Crystal zoning

One or more concentric bands in a single crystal are picked out by lines of inclusions
(95) or by gradual or abrupt changes in solid-solution composition of the crystal.
As regards the latter type of zoning, a large number of patterns are possible, the
commoner ones being illustrated graphically and named below, using plagioclase as
an example.

Normal versus reverse zoning
These terms specify the general trend of solid-solution composition from core to rim.
‘Normal’ indicates high-temperature component—low-temperature component
(e.g. An-rich plagioclase—Ab-rich plagioclase. see Fig. C) and ‘reverse’ indicates
the opposite.

Continuous* versus discontinuous' zoning

These terms indicate respectively a gradual or an abrupt change in composition.
Figure C shows examples of continuous normal zoning and Fig. D an example of
discontinuous normal zoning. Continuous and discontinuous zoning may alternate
(Fig. E).

"These terms are not the same as continuous reaction and discontinuous reaction of crystals
with melr.





Fig. 12 Rapikivi texture
6.5 TEXTURES TYPICAL OF PLUTONIC ROCKS

6.5.1 Cumulate textures

Rocks with a cumulus fabric are the result of gravitational differentiation in basic intrusions. The so-called cumulate rocks are formed from the accumulation of crystals that have sunk to the bottom of a magma chamber under the influence of gravity. The crystals that settle in melt and build up these cumulates are called cumulus minerals. The liquid that surrounds the cumulus minerals is the intercumulus liquid, which will eventually crystallize into the postcumulus minerals. Various types of cumulate rocks and their nomenclature are shown in Figure 6-4.
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Figure_6-4 Cumulate textures. (1) Plagioclase orthocumulate. Early-formed
euhedral plagioclase is originally surrounded by a melt of different
composition. The melt crystallized to anhedral postcumulus minerals while a
rim grew around the plagioclase crystals. (B) Mesocumulate, intermediate
between ortho- and adcumulate.(C) Plagioclase adcumulate. cumulate rock in
which the intercumulus phase is almost, or totally, absent. (D) Polymineralic
adcumulate. (E) Olivine heteradcumulate. The cumulus olivine grains show no
evidence of postcumulus growth; the surrounding melt formed large poikilitic
pyroxene and plagioclase. (F) olivine crescumulate. Cumulate olivine has grown
upward into the liquid above, preserving its optical continuity.




Fig. 13 Cumulate textures. (A) Plagioclase orthocumulate. Early-formed euhedral plagioclase is originally surrounded by a melt of different composition. The melt crystallized to anhedral postcumulus minerals while a rim grew around the plagioclase crystals. (B) Mesocumulate, intermediate between ortho – and adcumulate. (C) Plagioclase adcumulate. Cumulate rock in which the intercumulus phase is almost, or totally, absent. (D) Polymineralic adcumulate. (E) Olivine heteradcumulate. The cumulus olivine grains show no evidence of postcumulus growth; the surrounding melt formed large poikilitic pyroxene and plagioclase. (F) Olivine crescumulate. Cumulate olivine has grown upward into the liquid above, preserving its optical continuity.
[image: image25.jpg]70 Pyroxene comb layer in a thin
lamprophyre (fourchite) dyke

Long branching augite crystals are aligned at right angles
to the boundary between the comb-layered rock (below)
and pyroxene-phyric rock (above). The V of the branching
widens in the direction of growth, which is away from the
dyke wall. (See also 35.)

Lamprophyre dyke from Fiskaenesset area, South-west
Greenland, magnification x 8, XPL.

71 Comb layers in dolerite dyke

Two types of comb-textured layer are present in these
photographs: the first and third bands from the right
consist of elongate branching olivine (now largely
serpentinized) and plagioclase crystals; the second and
fourth bands are pyroxenite dominated by complex,
elongate, branching augite crystals with scarce plagioclase
crystals in between. The margin of the dyke lies to the left.
(See also 34.)

Dolerite from North-west Skye, Scotland; magnification
x8, PPL and XPL.




Fig. 14 Pyroxene comb layer in a thin lamprophyre (fourchite) dyke

[image: image26.jpg]70 Pyroxene comb layer in a thin
lamprophyre (fourchite) dyke

Long branching augite crystals are aligned at right angles
to the boundary between the comb-layered rock (below)
and pyroxene-phyric rock (above). The V of the branching
widens in the direction of growth, which is away from the
dyke wall. (See also 35.)

Lamprophyre dyke from Fiskaenesset area, South-west
Greenland, magnification x 8, XPL.

71 Comb layers in dolerite dyke

Two types of comb-textured layer are present in these
photographs: the first and third bands from the right
consist of elongate branching olivine (now largely
serpentinized) and plagioclase crystals; the second and
fourth bands are pyroxenite dominated by complex,
elongate, branching augite crystals with scarce plagioclase
crystals in between. The margin of the dyke lies to the left.
(See also 34.)

Dolerite from North-west Skye, Scotland; magnification
x8, PPL and XPL.



  [image: image27.jpg]erite dyke (continued)

it

n dol





Fig. 15 Comb layers in dolerite dyke

Examples of cumulates are found in basic layered intrusions, which will be further discussed in Chapter 10. The most common cumulus minerals include chromite, olivine, pyroxene, and plagioclase. Intercumulus minerals may include any of these and most of the minor late-stage minerals (magnetite, apatite, sometimes amphibole and so on). The cumulate rocks can be either classified with the aid of the gabbro classification triangle or the peridotite classification triangle, depending on the amount of mafic minerals and plagioclase.
Cumulates often show preferred orientation of the cumulus minerals as a result of magma flow along the floor of the magma chamber.

6.5.2 Symplectitic intergrowths

Symplectite is the name used for an intimate intergrowth texture involving two minerals of different type. One mineral occurs as beps or vermicular (worm-shaped) or lamellar inclusions in the other mineral, the latter is said to act as a host to the first. The term symplectite should be used purely as a descriptive term, it gives no genetic implication. In fact, several mechanisms can account for the development of a symplectitic intergrowth, of which the most important are:

(i) Eutectic crystallization. In Chapter 3 we have seen that the final stage of crystallization of many melts is represented by the eutectic crystallization of two or three minerals at the same time. An example of the resulting texture can be seen in Figure 6-5a, which is the most common example in igneous rocks, the granophyric or micrographic intergrowth, characterized by regularly shaped and orientated quartz inclusions in alkali feldspar. This texture is the result of eutectic crystallization of S¡O2 polymorph (later to become quartz) and alkali feldspar, as is illustrated in Figure 6-6. graphic intergrowth. The name of the texture is derived from the Egyptian script which it resembles.
[image: image28.jpg]74 Graphic granite

Photograph of a polished hand specimen of graphic-
ured granite in which the dark material is smoky
rtz and the light material is alkali feldspar.

Graphic granite from unknown locality ; magnification x 3.

75 Micrographic texture in aplite

Two of the crystals in this view show an intimate micro-
eraphic intergrowth of quartz and alkali feldspar. In one
middle right of XPL photograph), the alkali feldspar
is at extinction, and in the other (middle left) the quartz
is at extinction. (The PPL photograph is deliberately
defocussed to show the Becke line in the higher-relief
mineral (quartz) when the objective lens is ‘raised’.)

Micro-granite from Worcester, Massachusetts, USA;
magnification x 60, PPL and XPL.
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Fig. 16 Graphic granite
  [image: image29.jpg]74 Graphic granite

Photograph of a polished hand specimen of graphic-
ured granite in which the dark material is smoky
rtz and the light material is alkali feldspar.

Graphic granite from unknown locality ; magnification x 3.

75 Micrographic texture in aplite

Two of the crystals in this view show an intimate micro-
eraphic intergrowth of quartz and alkali feldspar. In one
middle right of XPL photograph), the alkali feldspar
is at extinction, and in the other (middle left) the quartz
is at extinction. (The PPL photograph is deliberately
defocussed to show the Becke line in the higher-relief
mineral (quartz) when the objective lens is ‘raised’.)

Micro-granite from Worcester, Massachusetts, USA;
magnification x 60, PPL and XPL.
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  [image: image30.jpg]74 Graphic granite

Photograph of a polished hand specimen of graphic-
ured granite in which the dark material is smoky
rtz and the light material is alkali feldspar.

Graphic granite from unknown locality ; magnification x 3.

75 Micrographic texture in aplite

Two of the crystals in this view show an intimate micro-
eraphic intergrowth of quartz and alkali feldspar. In one
middle right of XPL photograph), the alkali feldspar
is at extinction, and in the other (middle left) the quartz
is at extinction. (The PPL photograph is deliberately
defocussed to show the Becke line in the higher-relief
mineral (quartz) when the objective lens is ‘raised’.)

Micro-granite from Worcester, Massachusetts, USA;
magnification x 60, PPL and XPL.
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Fig. 17 Micrographic texture in aplite
(ii) Replacement. When a mineral is unstable under the prevailing T and P conditions, it may be replaced by one or more other minerals that are stable. This may lead to symplectitic intergrowths, especially common in high-grade metamorphic rocks (See Figure 6-5b). In igneous rocks one common example of this replacement texture is known: myrmekitic intergrowth. It is characterized by vermicular quartz inclusions in plagioclase crystals. It is thought to form due to replacement of alkali feldspar by plagioclase, whereby excess S¡O2 from the replacement reaction accounts for the origin of the quartz inclusions (See Figure 6-5d).’
[image: image31.jpg]76 Micrographic and granophyric textures in
microgranite

The photographs show several units of intergrown quartz
and alkali feldspar; most are of micrographic type but
some have a radiate arrangement (granophyric texture)
at their margins. In the Scottish Hebridean igneous prov-
ince, rocks like this one were formerly known as grano-
phyres in allusion to their distinctive textures.

Microgranite from Eastern Red Hills of Skye, Scotland.
magnification x 20, PPL and XPL.

77 Granophyric texture

In this rock, radiate intergrowths of quartz and alka®
feldspar are arranged about euhedral. equant plagioclase
crystals.

Microgranite from Skaergaard intrusion, East Greenland
magnification x 37, PPL and XPL.




  [image: image32.jpg]siyric texture (continued)

78  Myrmekitic texture in granite

\Much of the lower part of this photograph is occupied by
ntergrowth of quartz and plagioclase: this forms
ayments in the microcline crystal which occupies
most of the upper part of the field of view.

nite from Rubislaw quarry, Aberdeen, Scotland;
nification x 30, XPL.

‘Myrmekitic texture

Patches of plagioclase intergrown with vermicular quartz. The intergrowth is often
wart-like in shape and is commonly to be found at the margin of a plagioclase crystal,
where it penetrates an alkali feldspar crystal. The texture could be regarded as a
variety of symplectite texture (see p. 53)





Fig. 18 (a) Granophyric texture
[image: image33.jpg]Figure 6- 5 Different types of symplectitic intergrowths. (a) granophyric
intergrowth, a symplectite caused by eutectic crystallization of quartz and
alkali feldspar; (b) replacement symplectite in high grade metamorphic rock,
representing the reaction biotite + quartz --> hypersthene + Hz0, (c)
symplectite as a result of exsolution of chalcopyrite (white) from bornite
(black) (d) myrmekite, a symplectitic intergrowth of plagioclase (white) and
quartz (black) replacing microcline (stippled). (from Bard, 1986 and
Hatch,Wells and Wells, 1972).




Fig. 18 (b) Replacement symplectite in high grade metamorphic rock

[image: image65.jpg]Cryptocrystalline rock (continued)

13 Cryptocrystalline matrix in a tuff

lline texture is common in tuffs (ie. con-
ash), as in the matrix of this rock. Here the
sses fragments of shale and quartz crystals
zlso 8 and 9.)

g inknown locality; magnificationx 16, PPL and




[image: image66.jpg]Hypocrystalline basalt (continued)

5 Glassy rock

The photograph shows abundant, very small crys
(probably quartz or feldspar) enclosed by glass. Note
banding caused by (a) differences in abundance of cr
lites, (b) crystallites in the lighter bands having a

preferred alignment and (c) differences in colour of

glass. The small brown, isolated round objects are knc
as “spherulites’ (see Spherulitic texture, p. 54). (See also

Pitchstone from Arran, Scotland, magnificationx 12, P|

6 Glassy basalt threads — Pele’s hair

These filaments of basalt glass form when particles ir
molten lava spray are caught by the wind and drawn o
Pele is a mythical lady, believed by native Hawaiians
reside within the volcano Kilauea. (Contrast 7.)

Specimen from Erta Alé volcano, Ethiopia, magnificati
x8, PPL.




[image: image34.jpg]24 Symplectite of iron ore and
orthopyroxene

o ore (probably ilmenite) and a small crystal of ortho-
. roxene are intimately intergrown in a vermicular fashion
spaces between plagioclase, augite and ilmenite

ne gabbro from Lower Zone b of the Skaergaard
n, East Greenland; magnification x 72, PPL

#5 Fayalite-quartz symplectite

zen the opaque mineral (ilmenite) and the silicate
< in this rock, there exists a complex boundary
»f a narrow rim of fayalite immediately adjacent
~= opaque mineral, which in places abuts onto a
intergrowth of fayalite and quartz. The
he intergrowth and that which rims the ilmenite
ame optical orientation.

bro from Upper Zone b of Skaergaard intrusion,
nland . magnification x 32, PPL and XPL.




  [image: image35.jpg]24 Symplectite of iron ore and
orthopyroxene

o ore (probably ilmenite) and a small crystal of ortho-
. roxene are intimately intergrown in a vermicular fashion
spaces between plagioclase, augite and ilmenite

ne gabbro from Lower Zone b of the Skaergaard
n, East Greenland; magnification x 72, PPL

#5 Fayalite-quartz symplectite

zen the opaque mineral (ilmenite) and the silicate
< in this rock, there exists a complex boundary
»f a narrow rim of fayalite immediately adjacent
~= opaque mineral, which in places abuts onto a
intergrowth of fayalite and quartz. The
he intergrowth and that which rims the ilmenite
ame optical orientation.
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nland . magnification x 32, PPL and XPL.





Fig. 18 (c1) Symplectite of iron ore and orthopyroxene; (c2) Fayalite-quartz symplectite

[image: image36.jpg]siyric texture (continued)

78  Myrmekitic texture in granite

\Much of the lower part of this photograph is occupied by
ntergrowth of quartz and plagioclase: this forms
ayments in the microcline crystal which occupies
most of the upper part of the field of view.

nite from Rubislaw quarry, Aberdeen, Scotland;
nification x 30, XPL.

‘Myrmekitic texture

Patches of plagioclase intergrown with vermicular quartz. The intergrowth is often
wart-like in shape and is commonly to be found at the margin of a plagioclase crystal,
where it penetrates an alkali feldspar crystal. The texture could be regarded as a
variety of symplectite texture (see p. 53)





Fig. 18 (d) Myrmekitic texture in granite

[image: image37.jpg]Figure 6- 5 Different types of symplectitic intergrowths. (a) granophyric
intergrowth, a symplectite caused by eutectic crystallization of quartz and
alkali feldspar; (b) replacement symplectite in high grade metamorphic rock,
representing the reaction biotite + quartz --> hypersthene + Hz0, (c)
symplectite as a result of exsolution of chalcopyrite (white) from bornite
(black) (d) myrmekite, a symplectitic intergrowth of plagioclase (white) and
quartz (black) replacing microcline (stippled). (from Bard, 1986 and
Hatch,Wells and Wells, 1972).




Fig. 19  Different types of symplectitic intergrowths. (a) granophyric intergrowth, a symplectite caused by eutectic crystallization of quartz and alkali feldspar; (b) replacement symplectite in high grade metamorphic rock, representing the reaction biotite + quartz --( hypersthene + H2O, (c) symplectite as a result of exsolution of chalcopyrite (white) from bornite (black) (d) myrmekite, a symplectitic intergrowth of plagioclase (white) and quartz (black) replacing microcline (stippled). (from Bard, 1986 and Hatch, Wells and Wells, 1972).

(iii) Exsolution. When temperatures drop below that of the solvus of solid solution minerals, these minerals will start to expel the components that cannot be accommodated stably in their crystal lattice any longer. This process is called exsolution, and it produces symplectitic intergrowths between the host mineral and the exsolved mineral. The most common example of exsolution intergrowth in igneous rocks is that shown by feldspars in granites and syenites, and by pyroxenes in gabbroic rocks. Also important is exsolution in the spinel group (for example, Ti-bearing magnetite may exsolve bleeps of Fe2TiO4, ulvospinel) and in many ore minerals (for example, bornite, Cu5FeS4, is often seen to exsolve lamellae of chalcopyrite, CuFeS2, See Figure 6-5c).

The exsolution processes taking place in feldspars have already been discussed in Section 3.3.5. Alkali feldspar exsolving albite is called perthite and plagioclase exsolving alkali feldspar is called antiperthite. The different forms that the perthitic intergrowths may obtain are shown in Figure 6-7.
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Fig. 20 Microperthitic textures
[image: image41.jpg]81 Antiperthitic texture in tonalitic gneiss
The poorly aligned, bleb-like inclusions in the plagio-
clases in this rock are potassium-rich feldspar of inter-
mediate structural state (i.e. orthoclase). It is likely that
the texture formed in this rock during prolonged high-
grade regional metamorphism rather than during crystal-
lization of magma.

Tonalitic gneiss from Scourie, North-west Scotland,; mag-
nification x 20, XPL.

82 Lamellar intergrowths of two pyroxenes
in gabbro

The host crystal to the lamellac is an orthopyroxene (close
to extinction); it contains two kinds of lamellae — rela-
tively broad and continuous ones of augite, and narrower
discontinuous ones of augite, inclined to the broad variety.

Gabbro from Bushveld intrusion, South Africa; magnifica-
tionx 9, XPL.

83 Bleb-like intergrowth of augite in
orthopyroxene in olivine gabbro

In this sample blebs of augite are embedded in an ortho-
pyroxene host, forming an “emulsion-like’ texture. Though
the blebs are irregular in shape they have a common
elongation direction and the same optical orientation.

Olivine gabbro from Lower Zone b of the Skaergaard
intrusion, East Greenland ; magnification x 27, XPL.




Fig. 21 Microperthitic textures
[image: image42.jpg]Figure 6- 7 Perthite textures.
in orthoclase, (b) rod perthite:
perthite: albite veins in microcline,
albite replacing orthoclase.

(a) string perthite: thin lamellae of albite
albite as thin leaves in orthoclase, (c) vein
(d) patch perthite: patches of twinned




Fig. 22 Perthite textures. (a) string perthite: thin lamellae of albite in orthoclase, (b) rod perthite: 

            albite as thin leaves in orthoclase, (c) vein perthite: albite veins in microcline, (d) patch 

            perthite: patches of twinned albite replacing orthoclase.
When clinopyroxene crystallizes from a melt the first crystal to form is rich in magnesium. With falling temperature the composition shows progressive iron enrichment. This Fe-enrichment is accompanied by Ca-enrichment, as can be observed in the simplified crystallization diagram of pyroxenes (See Figure 3-14). Subsolvus reactions involve the unmixing of orthopyroxene from clinopyroxene, thereby relatively enriching the clinopyroxene in calcium, and the usually form lamellae or bleps parallel to the (100) or (001) planes of the crystals, i.e. parallel to the twin planes of the clinopyroxene. A special texture which may evolve in a twinned clinopyroxene is called herringbone texture (a herring is a fish); it can be seen when the pyroxene is twinned according to (100) and shows exsolution lamellae of orthopyroxene parallel to (001), as is illustrated in Figure 6-8a.
The above described exsolution processes and textures in pyroxenes may be superimposed by another symplectitic texture, called Schiller structure, caused by the exsolution of iron from pyroxenes. The Schiller texture is characterized by tiny, hair-like rodlets of magnetite or ilmenite (when Ti is expelled from the pyroxene as well), which are usually orientated parallel to the Z-axis of pyroxene (See Figure 6-8b). Schiller texture is common in igneous pyroxenes, but it is also rarely observed in other minerals such as plagioclase.

Figure 6-8 
(a) Herringbone texture in clinopyroxene, (b) Schiller texture in clino-or orthopyroxene.

INVERSION TEXTURES
When a chemical substance is capable of existing in two or more crystalline modifications with different physical properties, it is said to exhibit polymorphism. Well-known in igneous rocks are the polymorphs of S¡O² quartz, tridymite and cristobalite, and in metamorphic rocks the Al²S¡O5 polymorphs andalusite, sillimanite and kyanite. Reaction from one polymorph to another occurs in order to establish a new equilibrium under a new set of T, P conditions. Such a reaction is called inversion. The resulting texture is an inversion texture. As an example may serve the texture of tridymite in a granitic dyke, which upon cooling is inverted to quartz. The platy hexagonal habit of tridymite is preserved, but internally this crystal appears to consist of a mosaic of anhedral quartz grains (See Fig. 22).

[image: image43.jpg]2

Figqure 6-9 Tridymite
inverted to a mosaic
of quartz grains.




Fig. 22 Tridymite inverted to a mosaic of quartz grains
Pigeonite is a clinopyroxene that cannot survive slow cooling, but inverts to hypersthene at a temperature between 980°C and 1140°C, depending on its Fe/Mg ration and the prevailing lithostatic pressure. Pigeonite contains more calcium and less (Fe+Mg) than hypersthene. The result is that the inversion is accompanied by exsolution: the surplus of Ca which cannot be accommodated in hypersthene is exsolved as Ca-rich augite lamellae within the hypersthene.
Note that inversion, like exsolution, is a process that takes place in the solid state. Therefore the resulting textures are sometimes called subsolidus textures. In many volcanic rocks inversion can not take place due to rapid cooling. In that case the rock contains metastable minerals such as tridymite or pigeonite. Exsolution is restricted to plutonic rocks as it can only take place when cooling of the rock is sufficiently slow. Therefore, perthites or exsolved pyroxenes are never found in volcanic rocks.
REACTION TEXTURES

The textural features that are related to the reaction of early-formed crystals with residual melt in a crystallizing magma are:

(i)
Zoning is common in all minerals that belong to a solid solution series. In plagioclase crystals normal zoning implies the formation of concentric rings with different composition, whereby the central portion of the plagioclase is more Ca-rich (i.e. richer in anorthite component) than the outer zones, which are progressively richer in Na (i.e. richer in albite component). The texture originates from fractional crystallization in the system Anorthite-Albite (see Chapter 3).
Zoning is also very common in members of the olivine solid solution series and the pyroxene solid solution series. The cores of the olivines and pyroxenes are richer in magnesium than the rims. The explanation is also fractional crystallization (see Chapter 3).
A special type of zoning occurring in plagioclase crystals is oscillatory zoning. It consists of a rapid alternation of thin anorthite-rich and albite-rich layers (see Figure 6-10).
[image: image67.jpg]64 Trachytic texture in a trachyte

This rock illustrates trachytic texture with no glass be-
tween the small, aligned alkali feldspars (i.e. pilotaxitic
variety). Note that, rather than there being a single uni-
versal alignment direction, there are several domains in
the photograph, each having its own preferred direction
of feldspar alignment.

Trachyte from unknown Czechoslovakian locality ; magni-
fication x 16, XPL.

65 Trachytic texture in trachyte

The somewhat stumpy groundmass alkali feldspars in this
rock display a subparallel alignment which is particularly
noticeable where they follow the outline of the pheno-
crysts.

Trachyte from unknown German locality; magnification
x 15, XPL.

66 Hyalopilitic texture in rhyolitic
pitchstone

The feldspar microlites in this glassy rock have a preferred
elongation direction from lower left to upper right; near
the feldspar phenocrysts and opaque crystals the orienta-
tion of the microlites follows the outline of these crystals
Note the tendency for the microlites to be arranged in
bands.

Pitchstone from Ischia, Bay of Naples; magnification x 20,
PPL.
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[image: image44.jpg]96 Zoned plagioclase

The central plagioclase phenocryst in this photograph is
discontinuously zoned, having a homogeneous core
mantled by a more sodic rim; the rim has continuous
normal zoning resulting in variation of the extinction
position on rotation of the microscope stage. The crystal
is thus partly discontinuously and partly continuously
zoned.

Dolerite from Isle of Skye, Scotland; magnification x 43,
XPL.




  [image: image45.jpg]37 Zoned plagioclases

T photograph illustrates several styles of zoning in the
ases comprising the glomerocryst. Combina-
ontinuous, oscillatory and convolute zoning
ent, together with zoning picked out by a band of
nclusions near the margins of both crystals.

Porphyritic andesite from Hakone volcano, Japan; mag-
wfication x 24, XPL.





Fig. 23 Zoned plagioclase

 The current explanation is that the layer alternation is due to rhythmic variations in temperature conditions and/or fluid pressure in the magma chamber. T, P and PH²O influence the equilibrium composition of the plagioclase crystals and of the coexisting residual liquid, so that fluctuations must be reflected in variations in the anorthite content of the plagioclase.

[image: image46.jpg]()

(a)

Various types of zonation in plagioclase. (a) normal and
continuous zoning, (b) normal and discontinuous zoning, (c) oscrllatory
zoning (from Bard,1986)

Plagioclase

(@) Porphyritic andesite with phenocrysts of plagioclase and
pyroxene jn a fine grained matrix of plagioclase,oxides and glass; (b)
Vitrophyre: euhedral phenocrysts in glass matrix (from Best, 1982).




Fig. 24
Various types of zonation in plagioclase. (a) normal and continuous zoning, (b) 
            normal and discontinuous zoning, (c) oscillatory zoning (from Bard, 1986).
(ii)
Reaction rims, also called coronas, occur on minerals that form discontinuous reaction series in Bowen’s Reaction Series. A well-known example, already seen in Figure 3-11, is the reaction of olivine with melt to pyroxene, resulting in anhedral olivine surrounded by a rim of orthopyroxene. Other reaction rims include clinopyroxene rims around olivine or orthopyroxene, amphibole rims around pyroxene, and biotite rims around amphibole.

[image: image69.jpg]46 Glomeroporphyritic tholei

The photograph shows crystal clots of d
composed of plagioclase, augite and olivine
closed by fine-grained intergranular- and

textured groundmass.

Basalt from unknown locality,; magnification x 1
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[image: image70.jpg]5 Plagioclase spherulite in dolerite

sherulite comprises approximately twenty elongate
=< of plagioclase, each having a different optical
stion. It is an ‘open’ spherulite, in the sense that
s much space between individual plagioclase crys-
e spaces are occupied by coarse augite, columnar
s not related to the spherulite, and smaller

from Garbh Bheinn intrusion, Skye, Scotland;
ation x 32, PPL and XPL.

26 for a similar example.

27 Spherulite in rhyolite

pherulite at the centre of this photograph consists of

mass of very fine intergrown needles of both
and alkali feldspar radiating from a common
. Above and below, the spherulite abuts onto
s. whereas to left and right there is glass.

e from Hiinik, Hungary; magnificationx 27, XPL.




[image: image47.jpg]92 Corona texture

In the centre of the photographs a twinned and zoned
augite crystal is mantled by green hornblende of non-
uniform width.

Quartz diorite from Mull of Galloway, Scotland ; magnifica-
tion x 43, PPL and XPL.




       [image: image48.jpg]93 Corona texture

Between olivine and plagioclase crystals in this rock there
is a 0.02-0.06mm wide corona which consists of either
one or two zones: (1) radially oriented, fibrous, brown
hornblende; or (2) colourless pyroxene (see middle of
photograph) surrounded by radially oriented, fibrous,
brown hornblende. Analysis of the pyroxene suggests that
it is a submicroscopic intergrowth of augite and ortho-
pyroxene.

Olivine gabbro from Thessaloniki, North Greece; magni-
fication x 100, PPL and XPL.

L ]
94 Rapikivi texture

The texture is of large, round potassic feldspars, some of
which are mantled by sodic plagioclase rims, others have
no plagioclase rims. In the first photograph, which is of a
polished hand specimen, the plagioclase rims have a
greenish colour contrasting with the pink potassic feld-
spar. The second photograph is of a thin section of the
same rock.

Granite from Eastern Finland; magnificationx 2 (first
photo); x 3, XPL (second photo).




Fig. 25 Corona texture 

TEXTURES TYPICAL OF HYPABYSSAL ROCKS

Hypabyssal rocks are either fine grained, equigranular or porphyritic with a fine grained matrix. In basis dykes intergranular texture (Figures 6-2 and 6-3) is commonly seen. Therefore this texture is also referred to as “doleritic texture”. Granitic dykes frequently display granophyric quartz-alkali feldspar intergrowths; the rock is then often named a “granophyre” (Figure 6-6).
There are two special types of granatic dykes or veins, which are recognized by their macroscopic texture. The first is the coarse grained pegmatite with grain sizes ranging from 3cm up to several metres; on one occasion enormous crystals of 12 metres long have been observed! The pegmatites consist of alkali feldspar and quartz mainly, often showing graphic intergrowths, with or without plagioclase, muscovite and/or biotite and accessorial minerals such as apatite, tourmaline, topaz and other precious minerals. Pegmatites are crystallizing from the last melt fraction of a granitic magma, which is very rich in K²O, Na²O and S¡O² and in H²O and other minor volatiles such as P, B, F, Sn, Li and so on. The latter account for the unusual accessorial minerals that may be formed. The second type of late-magmatic granitic vein is the fine grained aplite which is produced from a water-saturated melt. Aplites are typically homogenous, white or pink rocks with a sugary appearance. They consist of quartz, feldspars and usually micas.
TEXTURES TYPICAL OF VOLCANIC ROCKS

Glassy Fabrics

One of the first textural characteristics to establish in a volcanic rock is its degree of crystallinity. As was mentioned before, very rapid cooling of high temperature silicate melts produces silicate glass. A rock may be wholly or partly consisting of glass, or it may be entirely crystalline. The nomenclature is as follows:

(i)
Holocrystalline
:
The rock consists for 100% of crystals.
[image: image71.jpg]26 Skeletal olivines in picritic basalt

are olivines and each

different shape in section; some are compl
al crystals (e. elongm yellow crystal on the left).
are relativel equant orange

crystal, middle mhn and yet others have only small
embayments.

Picritic basalt from Ubekendt Ejland, West Greenland.:
magnification x 40, XPL.




[image: image49.jpg]1 Holocrystalline anorthositic gabbro

Elongate crystals of plagioclase feldspar, some wras
round olivine crystals, form a framework in this rock
interstices of which are filled with smaller plagioc
olivine and augite crystals. The purplish-blue area at &
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Perpendicular Feldspar gabbro from Middle Border G

of the Skaergaard intrusion, East Greenland ; magnificas
x7, XPL.

2 Holocrystalline granite

Crystals of biotite, quartz, ‘perthitic’ potassium-rich fd
spar (large crystal bottom right) and zoned sodium-=+4§
feldspar makes up this granite. The speckled appear=

in the cores of the plagioclase feldspars is caused by
inclusions of mica.

Granite from Ross of Mull, Scotland; magnification » %
XPL.
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Elongate crystals of plagioclase feldspar, some wras
round olivine crystals, form a framework in this rock
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x7, XPL.
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spar (large crystal bottom right) and zoned sodium-=+4§
feldspar makes up this granite. The speckled appear=

in the cores of the plagioclase feldspars is caused by
inclusions of mica.

Granite from Ross of Mull, Scotland; magnification » %
XPL.




[image: image51.jpg]jypocrystalline pitchstone with perl
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of plagioclase, biotite and magnetite in this rock
in glass (black in XPL) which has spherical frac-
known as perlitic cracks: these appear as circles in
tion.

from Chemnitz, East Germany; magnification
PPL and XPL.

Hypocrystalline basalt

~all olivine phenocrysts (colourless in PPL) and colum-
letal titanaugite crystals (pinkish-beige colour in
< enclosed by murky brown glass. No plagioclase
crystallized in this rock. The deeper pink colour
d the margin of some of the titanaugites is a narrow
of Ti-rich amphibole.

rom Quarsut, West Greenland;; magnification x 35,
XPL
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tion.
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~all olivine phenocrysts (colourless in PPL) and colum-
letal titanaugite crystals (pinkish-beige colour in
< enclosed by murky brown glass. No plagioclase
crystallized in this rock. The deeper pink colour
d the margin of some of the titanaugites is a narrow
of Ti-rich amphibole.

rom Quarsut, West Greenland;; magnification x 35,
XPL





Fig. 26 Hypocrystalline texture
(ii)
Holohyaline

:
The rock consists for 100% of glass. Rhyolitic glass is called 
obsidian, basaltic glass sideromelane; both can have a great variety of colours.
[image: image53.jpg]Hypocrystalline basalt (continued)

5 Glassy rock

The photograph shows abundant, very small crys
(probably quartz or feldspar) enclosed by glass. Note
banding caused by (a) differences in abundance of cr
lites, (b) crystallites in the lighter bands having a

preferred alignment and (c) differences in colour of

glass. The small brown, isolated round objects are knc
as “spherulites’ (see Spherulitic texture, p. 54). (See also

Pitchstone from Arran, Scotland, magnificationx 12, P|

6 Glassy basalt threads — Pele’s hair

These filaments of basalt glass form when particles ir
molten lava spray are caught by the wind and drawn o
Pele is a mythical lady, believed by native Hawaiians
reside within the volcano Kilauea. (Contrast 7.)

Specimen from Erta Alé volcano, Ethiopia, magnificati
x8, PPL.




    [image: image54.jpg]Glassy particles of mare basalt in lunar soil

ces of glass, many of them spherical, are orange-brown
black in colour. Some of the darker ones are partially
stalline. These particles were formed by rapid cooling
droplets of basalt melt; it has been suggested that the
yplets formed either in a fire-fountaining lava eruption,
by meteorite impact into a lava lake or into a molten
solid lava flow. (Contrast 6.) The scarce, irregularly
\ped fragments are pyroxene (pale brown) and feldspar
lourless).

nar basalt 74220 from Taurus Littrow Valley collected
Apollo 17 astronauts,; magnification x 43, PPL.

' Liquid Immiscil y

obules of one glass in another are found in some rocks
d these are attributed to immiscibility of the two
uids. In this rock they can only be seen at very high
wer in thin films of glass betwcen laths of plagioclase.

ecimen from basalt lava, Lava beds National Monument
ilifornia, U.S.A.: magnification x 600, PPL.





Fig. 27 Glassy rock
(iii)
Hemicrystalline
:
The rock consists partly of glass, partly of (hypohyaline)  

                                                           crystals (Figure 6-11a).
[image: image55.jpg]18 Equigranular peridotite

sized olivine crystals, some of them in clots,
= bulk of this rock, with plagioclase filling the
The black material is microcrystalline haema-
by oxidation of olivines and the green material
mineral.

from the Skaergaard intrusion, East Greenland ;
ionx 27, PPL and XPL.

views of equigranular rocks are shown in 43,
125,130 (first photo), 134, 140 (third photo), 168.

13 Porphyritic andesite

I this rock the phenocrysts (some of them in clots) of

oclase, hornblende (khaki colour in PPL), augite
le green in PPL) and magnetite, are surrounded by
-grained groundmass of plagioclase, magnetite and

Andesite from Siebengebirge, Germany ; magnification x 23,
PPL and XPL.
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(a)

Various types of zonation in plagioclase. (a) normal and
continuous zoning, (b) normal and discontinuous zoning, (c) oscrllatory
zoning (from Bard,1986)

Plagioclase

(@) Porphyritic andesite with phenocrysts of plagioclase and
pyroxene jn a fine grained matrix of plagioclase,oxides and glass; (b)
Vitrophyre: euhedral phenocrysts in glass matrix (from Best, 1982).




Fig. 28 Porphyritic andesite
(iv)
Vitrophyric

:
Porphyritic texture, characterized by phenocrysts in a matrix 
                                                           of glass (Figure 6-11b).

[image: image57.jpg]Plagioclase-augite-magnetite vitrophyre

hocrysts of the three minerals plagioclase, augite and
tite, some of them in clots, are set in glass which
ains crystallites of plagioclase.

it from Arran, Scotland; magnification x 20, PPL.
132 for another example of vitrophyre.

Seriate-textured olivine basalt

sstals of olivine, augite and plagioclase in this
11 show a wide range of grain size from as small as
mm up to 4mm. Note the abundance of groundmass
ions in some of the crystals, giving them a sponge-
appearance.

ine basalt from Arthur’s Seat, Edinburgh, Scotland;
cation x 11, PPL and XPL
£4.and 137 for other examples of this texture.
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(a)

Various types of zonation in plagioclase. (a) normal and
continuous zoning, (b) normal and discontinuous zoning, (c) oscrllatory
zoning (from Bard,1986)

Plagioclase

(@) Porphyritic andesite with phenocrysts of plagioclase and
pyroxene jn a fine grained matrix of plagioclase,oxides and glass; (b)
Vitrophyre: euhedral phenocrysts in glass matrix (from Best, 1982).




Fig. 29 Vitrophyre plagioclase-augite-magnetite
(v)
Crystallites

:
Extremely fine crystals in glass, too fine to show interference 
colours.
(vi)
Microlites

:
Extremely fine crystals in glass, but larger than crystallites, 
showing interference colours. (Figure 6-12d).
(vii)
Pele’s hair

:
Hair and tear shaped glass particles formed by drawing out 
of small, very fluid ejecta (see Figure 6-12e).
Fifure 6-11
(a) Porphyritic andesite with phenocrysts of plagioclase and pyroxene in a fine grained matrix of plagioclase, oxides and glass; (b) Vitrophyre: euhedral phenocrysts in glass matrix (from Best, 1982).

Figure 6-12.
Principle textures of volcanic rocks (a) perlitic texture; (b) vesicular texture; (c) axiolitic texture; (d) microlites in a seriate porphyritic lava; (e) Pele’s hair; (f) trachytic texture; (g) corroded crystals in felsitic matrix; (h) glomeroporphyritic texture; (i) spherulitic texture; (j) skeletal olivine in basalt; (k) dendritic olivines in glass; (l) texture of pumice. See explanation in text. (from Bard, 1986; Best, 1982; MacKenzie, Donaldson and Guilford, 1982).
PORPHYRITIC TEXTURES 
Most volcanic rocks are porphyritic. The common interpretation of this texture is that the phenocrysts have crystallized while the magma was still in the interior of the Earth, whereas the fine grained matrix formed during a period of rapid cooling following the extrusion of magma. If a volcanic rock is not porphyritic it is called aphyric. If the crystals of the principle minerals who a continuous range in sizes the texture is called seriate texture (See Figure 6-12d), but if the crystals show a broken range of sizes, the inequigranular texture is said to be hiatal.
Glomeroporphyritic texture is a variety of porphyritic texture in which the phenocrysts cluster together in small groups rather than being separate individuals (Figure 6-12h). The explanation of the texture is that conditions of nucleation were unfavourable, so that only a few nucleation sites existed.

QUENCH TEXTURES

Quenching is the process of sudden cooling and freezing of a melt. As a result some crystals are imperfectly formed into skeletal or dendritic crystals. The first type are crystals with hollows and gaps, usually regularly developed. The latter have a branching pattern resembling that of a tree, or the veins in a leave or a feather, due to preferential growth in certain crystallographic directions (See Figure 6-12j and k).
Figure 6-13.
Main spinifex textures of ultrabasic komatiite lavas; 01 = olivine, Pyr = Pyroxene (from Bard, 1986).

A special type of skeletal crystal growth is shown in the MgO-rich ultrabasic volcanic rocks known as komatiites. They display a thorny or fishbone pattern, which is called spinifex texture (See Figure 6 – 13).

Embayment is a common feature observed in phenocrysts. In many cases embayments are the result of skeletal growth during quenching, but embayment may also result from resorption of a crystal by reaction with the melt (See Figure 6-12g and 6-14). In some text books the term corrosion is used; embayed crystals are then called corroded crystals.

Figure 6 – 14.
corroded phenocrysts that have been partly resorbed due to instability in the melt. (a) Plagioclase in vitrophyric rock, (b) Pyroxene and plagioclase in andesite lava. (from Best, 1982).

GROUNDMASS TEXTURES

The equivalent of the term matrix is groundmass. A common texture for the matrix of basalts is intergranular texture or intersertal texture, already discussed before (See Figure 6 – 2). A matrix texture characterized by parallel or sub-parallel feldspar laths is called trachytic texture (Figure 6-12f). It is very common in trachytes and other alkaline volcanic rocks, where the feldspar laths are usually sanidine, but it is also observed in basalts, where the feldspar is plagioclase. The preferred orientation of the feldspar laths indicates the direction of flow within the lava, and is an example of a flow structure, which is not exclusive for volcanic rocks, but can also be found in plutonic rocks.
In a matrix consisting of glass perlitic texture is frequently seen, which is characterized by concentric fractures developed by slow progressive hydration of glass under atmospheric conditions. The hydration causes expansion and consequent cracking of the glass (See Figure 6-12a). 0ther textures occurring in or resulting from an initially glassy matrix are devitrification textures, which are discussed below.
DEVITRIFICATION TEXTURES

Volcanic glass is never very old – geologically speaking. In time crystals will grow from the glass which is said to become devitrified. The first Stage is the growth of minute crystals, microlites or crystallites. Continued devitrification gives way to the following textures:

(i) Spherulitic texture, radiating, skeletal needles of quartz, feldspars or other minerals forming spherules (See Figure 6-12i).

(ii) Variolitic texture, same as (i), but the needles grow in fan-shape.

(iii) Axiolitic texture, spherulus are formed along a central axis (See Figure 6-12c).

(iv) Felsitic texture, the matrix has been completely devitrified to a microgranular aggregate of small, more or less equant crystals of quartz and feldspar (Figure 6-12g).

VESICULAR TEXTURES

Vesicles are cavities in a lava, varying from spherical to irregular in shape, produced by the escape of gas. Vesicular lavas are typical of the tops of lava flows. If vesicles dominate the rock the term scoriaceous can be used. Scoria is a general name applied to highly vesicular basaltic rock. For rhyolitic scoriaceous rocks the term pumice is used. Pumice consists of sub-parallel silky glass fibres tangled together (Figure 6-121).

In amygdaloidal rocks post-magmatic minerals such as quartz, chalcedony, opal, chlorite, calcite or zeolites have been deposited in the vesicles. The minerals often have radial fibrous forms growing from the walls of the cavities inwards. Amygdaloidal basalts are very common.

TEXTURES TYPICAL OF PYROCLASTIC ROCKS

In Chapter 1 we have seen that pyroclastic rocks are sub-divided into ash-fall and ash-flow deposits and how the rocks are classified according to the size of the volcaniclastic material that constitutes these rocks. Ash-fall deposits are often sorted and stratified.

Ash-flow tuffs or ignimbrites consist of fragmental material which is welded together due to their deposition when still hot and sticky. Welding and compaction gives ignimbrite their typical eutaxitic texture with flattened glass shards in parallel orientation with fiamme, the name used for the flame-shaped pumice fragments, which were flattened due to collapse of their vesicles (See Figure 1-22 to 24). The ignimbrite may, like any other tuff, contain various types of lithic fragments (volcanic or other rocks picked up by the ash-flow during eruption) and of crystals (phenocrysts from the magma). The rock and crystal fragments usually form rigid bodies within the eutaxitic matrix.
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Fig. 2a-Euhedral olivine in  
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Fig. 3c-Anhedral granular 


             troctolite





Fig. 3b-Subhedral granular 
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Fig. 3a-Euhedral granular 
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