Introduction to Mineralogy 186-210APRIVATE 


Laboratory #4: More silicate minerals (Redpath, Sept. 28 2001)
Extra tutorial time will be offered to help you review material for the coming test, in Room 211 and at the Redpath museum.

The 15 silicate minerals on display this week come from the classes that we introduced last time. A few more specimens of minerals seen already are also presented as examples of polymorphism, pseudomorphism and twinning.

By the end of the laboratory exercise, you should be able to identify the minerals in starred positions.  Their names are given below but not necessarily in the right order. The names of the minerals seen last week now appear on the grid.

chlorite
andalusite
labradorite
kyanite

chrysotile

topaz
antigorite
tourmaline
sillimanite
biotite

spodumene
lepidolite
staurolite
anthophyllite  albite 


PRIVATE 
(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
quartz
(10)
microcline
orthoclase
(13)*
(14)*

talc
muscovite
(17)
(18) *
(19)
(20)* 
(21)*

tremolite
actinolite
hornblende
(25)
(26)*
(27)*
(28)

(29)
diopside
augite
(32)*
(33)
(34)
(35) *

(36)*
(37)
epidote
(39)
beryl
(41)
(42)*

olivine
garnet
(45)
(46)*
(47)*
(48)*
(49)*

Stippled boxes indicate the minerals that will be the subject of the first mineral identification test, on Fri. Oct. 5. You are also responsible for identifying calcite (CaCO3) and pyrite (FeS2), bringing up to 30 the number of minerals on the test.

The test lasts about 65 minutes. Two sessions are held: the first one from 2h40 to 3h45, the second from 4h00 to 5h05).

- Sign up for one of the two sessions.  No substitutions will be allowed after Tuesday of next week.

- MAKE SURE THAT YOU ARE ON TIME: late comers flunk the test.

- You will hold each specimen for 2 minutes, then pass it on.

- 20 specimens (18 mineral specimens, 2 wooden models)

- 18 questions where you identify mineral(s) by name & formula
- 5 questions on habit (prismatic, fibrous, bladed, massive...)

- 1 question per wooden model of the type:


- to which system does this model belong?


- is there a center of inversion in this crystal?


- name the dominant crystal form (e.g. tetragonal prism)

A) subclass NESOSILICATES (p. 444 [370])


Here are three polymorphs of Al2SiO5. Do you notice anything unusual about their formula (for a nesosilicate)?  Their presence in aluminous rocks is used in mapping areas with variable grades of metamorphism because each polymorph forms over a different range of pressure and temperature (see Fig. 13.19[11.15]).

Andalusite Al2SiO5 (p. 455 [379])


Its nearly square prisms and hardness are characteristic.  The variety chiastolite shows a symmetrical pattern of carbonaceous inclusions (dark material) on some crystal faces.

Sillimanite Al2SiO5 (p. 456 [380])


Occurs in slender crystals with one cleavage direction, in high-temperature metamorphosed rocks.  Can be difficult to tell apart from a massive aggregate of tremolite.

Kyanite Al2SiO5 (p. 456 [380])


Its elongate crystals, perfect cleavage and bluish color are characteristic.  The textbook mentions an unusual aspect about its hardness. Can you verify it with your steel blade?

Other NESOSILICATES:

Titanite  CaTiO(SiO4) (p. 460 [384])


Its flattened crystal shape, high luster, high density and dark colour are very characteristic. However, pure crystals are clear! You may find out from old labels or texts that this mineral was formerly known as sphene.

Topaz Al2SiO4(F, OH)2 (p. 457 [381])


Its high hardness (8) and crystal shape, with a basal perfect cleavage (an unusual feature among nesosilicates) are The crystals are orthorhombic (the prism and dipyramidal ends show rhombic cross-sections). Its colour is very variable.

B) subclass INOSILICATES (pp. 474-475 [397-398])


This week, we see two species of pyroxene and amphibole that stand out from the crowd.  Can you tell from their formula which one is the pyroxene, and which one is the amphibole?

Spodumene LiAlSi2O6 (p. 483-484 [405])


Is its cleavage characteristic of pyroxenes? The mineral often looks “woody” because of its splintery surface.

Glaucophane Na2Mg3Al2Si8O22(OH)2 (p. 497 [417])


A blue, fibrous amphibole, diagnostic of high-pressure metamorphism.  Its colour varies from lavender-blue to nearly black when Fe substitutes for Mg.


Note: as a general rule, avoid grinding and inhaling particles of fibrous minerals. Asbestos is a group of minerals that includes riebeckite, the Fe-bearing analog of glaucophane, and chrysotile (see later in the exercise). Diseases in miners and construction workers have been linked to the irritant effect of mineral fibers and dust on membranes of the lungs and abdominal cavity.


C) subclass CYCLOSILICATES (p. 468-469 [391])

Tourmaline (Na, Ca)(Li, Mg, Al)-(Al, Fe, Mn)O6(BO3)3(Si6O18)(OH)4

Usually forms good crystals striated along the c axis, with a triangular cross-section, often rounded (p. 473 [396). In massive aggregates its high hardness (7-7.5) and conchoidal fracture are similar to those of quartz but tourmaline is very rarely white or gray.  The black Fe-bearing variety schorl is the most commmon. Other varieties may show a range of colours within single crystals, along the prism (or from core to rim) rarely seen in other minerals.

D) subclass PHYLLOSILICATES (p. 498-499[418])


Phyllosilicate minerals include the serpentine and chlorite groups. Specimens from these groups have the characteristic cleavage of other phyllosilicates but it cannot be seen because single crystals are microscopic. In the case of chrysotile, the sheets are rolled up into fibers.

Antigorite, lizardite  Mg3Si2O5(OH)4 (p. 507-511 [426])


These two polymorphs make up most of the green, fine-grained massive matrix of a rock known as serpentine.  Their platy habit can only be discerned under the high magnification of an electron microscope.  The green colour and greasy luster are quite characteristic. In specimen 5.18R3, the radiating clusters of crystals suggest that serpentine is a pseudomorph after actinolite.

Chrysotile Mg3Si2O5(OH)4 (same pages as above)


 Chrysotile is often interlayered with its polymorphs antigorite and lizardite. This is the "white asbestos" used as a fire-proofing material.  Other minerals, particularly amphiboles, may have an asbestiform habit. Amphiboles are a more dangerous form of asbestos than chrysotile, because their brittleness and prismatic cleavage produce particles that embed more easily in lung tissues and dissolve more slowly.  As a general rule manipulate fibrous minerals with care to avoid inhaling fibers.

Chlorite (Mg, Fe)3(Si, Al)4O10(OH)2(Mg,Fe)3(OH)6 (p. 519-521 [434])


Distinct crystals are rare but if visible they show the excellent cleavage and habit of micas. Chlorite usually occurs as minute scales formed by alteration of other Mg-Fe silicates.  The green colour of many igneous rocks, schists or slates is due to disseminated chlorite crystals.  Specimen 5.14.5R3 is ripidolite, a variety of chlorite, in an excellent example of pseudomorphism. How can you tell that the precursor mineral was garnet?  Why is the micaceous cleavage of ripidolite not visible? Identifying mineral species within the chlorite group requires a microscope.
Chrysocolla (p. 523-524 [437])


This naturally-occurring solid is a mineraloid (the Si4O10 layers occur in an amorphous matrix).  Its formula is therefore approximate. Its blue-green colour and conchoidal fracture are characteristic. What element is responsible for its colour?

6) subclass TECTOSILICATES (p. 524 [437])

Opal SiO2(nH2O not in your drawer (p. 531 [444]) 


High-magnification shows that opal consists of minute spheres of SiO2.  Their arrangement does not diffract X-rays into a regular array of beams and thus is not considered crystalline.

Quartz SiO2 (p. 526-527 [439-440])

  You saw quartz last week. This week's specimens are examples of twinning. Quartz occurs in a number of types of twins. In contact twins, two distinct crystals can be easily distinguished (Japan twin).  In other cases the twinning is said to be "penetrative", i.e.  the two crystals are intergrown along a complex interface. Dauphiné twinning is present in all beta-quartz (or high-quartz, point group 622) that formed above 573oC but whose structure transformed to that of alpha-quartz (or low-quartz, point group 322) as it cools below 573C.  This internal twinning does not affect the morphology and can only be detected under the polarizing microscope (see pictures).


Specimen 6.1.1.9R3 is a pseudomorph after calcite. How can you tell?

Chert SiO2 (p. 529 [442])


This form of quartz is microcrystalline, i.e. individual crystals are not visible to the naked eye (or with a hand lens). Its internal structure is that of alpha-quartz.

Obsidian SiO2 (p. 484, not present in your drawer)


This is true glass, i.e. amorphous SiO2 formed from a melt cooled too rapidly for the SiO4 tetrahedra to order themselves into a regular network.  Obsidian refers to volcanic glass that is dominantly SiO2 but not necessarily pure. Note the characteristic conchoidal fracture.  Can you scratch it with a quartz crystal? How can it be told apart from chert?

Potassium feldspar (microcline, orthoclase) KAlSi3O8 (p. 536[449])


Orthoclase and microcline are polymorphs of KAlSi3O8.  Microcline is the low-temperature form.  Both have the same tabular to blocky crystal form and can only be told apart by X-ray diffraction.


The variety amazonite is coloured blue-green by defects caused by the presence of trace amounts of Pb in the structure.


The symmetry operation (reflection, rotation or inversion) that relates individual crystals in a twin is called a twin law. Are the crystals related by a 2-fold axis, a mirror plane or an inversion center? Is this a contact twin or a penetrative twin?

Albite NaAlSi3O8 (p. 541-543[454-456])


Single crystals of albite may develop the same habit as microcline or orthoclase but they often take on a more elongated shape.


Albite also forms a complete solid solution with anorthite CaAl2Si2O8, the Ca-feldspar. Members of the (Na, Ca) solid solution can often be told apart from the K-feldspars by their polysynthetic twinning, i.e. small slices that alternate in crystallographic orientation within single crystals.  This produce striations on the (001) face or cleavage plane. This is sometimes too fine-scale to be visible even with a hand lens.  In such cases, the quasi-perpendicular cleavage, light colour, hardness (6) and absence of a perthitic texture may lead you to suspect that you are dealing with albite rather than orthoclase.


The variety labradorite is a dark feldspar intermediate in composition between albite (NaAlSi3O8) and anorthite (CaAl2Si2O8) which may show an opalescent sheen. It is produced by the igneous crystallization of a feldspar of intermediate composition (Ab50An50 to Ab30An70, where the subscripts correspond to the percentage of albite (Ab) and anorthite (An) components). Given such a composition, do you expect to find any polysynthetic twinning in this feldspar?
 If the igneous intrusion cools slowly, the crystals exsolve (i.e. unmix) into slender lamellae of Na-rich and Ca-rich feldspar. These lamellae disperse white light, causing the play of colours visible on certain planes. The dark colour is due to minute grains of magnetite Fe3O4. The inclusions however are too small to make the feldspar magnetic.?
A similar unmixing takes place in alkali feldspars during slow crystallization. Above 650oC, nearly all intermediate compositions between a Na-feldspar and K-felspar (orthoclase) can be accomodated within a single feldspar structure. During cooling, an alkali feldspar of intermediate composition undergoes unmixing, usually producing Na-feldspar lamellae within a K-rich microcline. This intergrowth of two feldspars is called a perthite.


Mineral formulas


The relationship between minerals are also easier to remember when one is familiar with their chemical formulas.  The best way to memorize formulas is to learn them for groups of minerals. The composition of minerals has an obvious influence on their properties, particularly their hardness and colour.  Mg-varieties are often light-coloured, taking on green shades as small amounts of Fe2+ substitute for Mg2+.

NESOSILICATES:

- isolated [SiO4]-4 tetrahedra are linked by other metallic cations (usually Me2+, Me3+ or Me4+).

- general formula: Mex (SiO4)y . Olivine Mg2SiO4, zircon ZrSiO4, garnet  A3B2 (SiO4)3
- the three aluminosilicates AlSi2O5 are the only exception.

SOROSILICATES:

- a pair of [SiO4]-4 tetrahedra shares one oxygen, other metallic cations link pairs to each other.

- sharing one oxygen produces a [Si2O7]-5 unit

CYCLOSILICATES:

- a pair of  [SiO4]-4 tetrahedra shares two oxygens with their neighbour to form a ring

- sharing two oxygen ions per tetrahedra produces [Si2O6]-4
INOSILICATES:

- pyroxenes and pyroxenoids: a chain is formed by  [SiO4]-4 tetrahedra sharing two oxygens with their neighbour


- sharing two oxygen ions per tetrahedra produces [Si2O6]-4

- general formula: MeSi2O6 (Me = Mg2, Fe2, Ca2, LiAl, NaAl)

- amphiboles: half the tetrahedra share two oxygens with their neighbour to form chains; half the tetrahedra share three oxygens with their neighbour to cross-link the chains;


- sharing two or three oxygen ions per tetrahedra produces [Si2O6]-4 and [Si2O5]-2 in equal amounts, adding up to [Si4O11]-6.  Amphiboles are also hydrous, i.e. with (OH).


- general formula X2Y5Si8O22(OH)2 where X, Y = Na+, Ca2+, Mg2+, Fe2+, Fe3+, Al3+. Hornblende has some [AlO4] tetrahedra.

PHYLLOSILICATES:

- all tetrahedra share three oxygen ions to form entire sheets

- sharing three oxygen ions per tetrahedra produces [Si2O5]-2
- phyllosilicates are also hydrous, i.e. (OH) is present.

- softest ones: general formula Y2-3Si2O5(OH)4 or Y2-3Si4O10(OH)2. Only Y cations (Mg3 or Al2) are attached to the sheets,

- micas: general formula WY2-3AlSi3O10(OH)2. Large cations (W = K, Ca) tie the layers to each other, making them brittle and elastic, and 1 out of 4 tetrahedra is AlO4 instead of SiO4.
