LECTURE 9 (2 hours): DESCRIPTIVE MINERALOGY I
INTRODUCTION
Chemical compositions of minerals are used as the basis of classification, and in

descriptive mineralogy same classification is followed. Because, minerals having the same anion or anionic groups that are dominant in their chemical compositions have roughiy the similar physical, chemical, and optical properties. Furthermore, minerals so grouped tend to occur together or in the similar geological environment. Eg., suiphides occur in close mutual association in veins, while silicates make up the great bulk of the rocks of the Earth's cnıst.

NATIVE MİNERALS
Only about 20 elements are found in nature, in the uncombined native state. These

native elements are divided into three groups: Native Metals, Native Semi-Metals, and Native Non-Metals.
NATİVE METALS
They consist ofthere sections:

(a). Gold Group: Au, Ağ, Cu
(b). Platinum Group: Pt, ir, Os
(c) iron Group: Fe, Fe-Ni alloy (Kamacite & Taenite) (FİĞ)
in addition Hg, Ta, Sn and Zn have also been found as native elements in nature.
CHARACTERISTIC PHYSİCAL and CHEMİCAL PROPERTİES
Crystal Structure and Composition. Native metals crystallize in isometric or cubic system. They ali have metallic bonding. Au- and Pt-groups have C.N. 12 with cubic-closest packing; Zn also has C.N. 12 but with hexagonal-closest packing; Fe-group, on the other hand have C.N. 8 with body centered cubic packing (FİĞ).
Complete solid solution exists between Au-Ag, which is called Electrum. Small amounts of Cu, Fe, Bi, Pb, Sn, Zn, and Pt-group metal atoms may enter into Au structure. Ağ frequently contains Au, Hg and Cu, rarely Pt, Sb, and Bi. Ag-Hg solid solution is known as Amalgam. Cu contains small amounts of Ağ, Bi, Hg, As, and Sb. Pt-group contains Fe, ir, Os, Rh, Pd, Cu, Au, and Ni. While Fe-group ahvays contain some Ni and frequently Co, Mn, S, and C.

Hardness. Au-group has H=2.5—^3; Pt- and Fe-groups have H=4—>4.5

Specific Gravity. SGAu=15->19.3 (püre); SGAg-10.5; SGcu^S.9; SGR=14->21.45

(püre); SGîe='7.3->7.9.
Colour. Au: yellow—>'paler with Ağ content; Ağ: white (tarnished to brown->black);

Cu: red (tarnished dark brown); Pt: steel-gray; Fe: steel-gray->black.

Streak. Au: yellow; Ağ: white; Cu: red metallic-shine; Pt: white—>steel-gray.

Luster. Ali groups have metallic luster.

Tenacity. Ali groups are malleable, ductile.

Fracture. Ali groups have hackiy fracture.

Other Physical Properties. Fe-group are magnetic; Pt-group shows magnetic

property ifthey have Fe impurities; Ali groups are good conductor ofheat and electricity.

NATIVE SEMI-METALS
They are As, Sb, and Bi. They are very rare as minerals. They have strong bonding between 4 closest atoms, forming pyramidal groups (FİĞ) with covalent bonds that occur as layers. Between layers // to 0001 there is weak bonding resulting a good cleavage Their tenacity brittie, they are poor conductors of electricity and heat.

NATIVE NON-METALS
They are S and C, which have very different crystal structure and bence very different physical properties.

CHARACTERISTIC PHYSİCAL and CHEMICAL PROPERTİES
Crystal Structure and Composition. S crystallizes in orthorhombic system. The S atoms are arranged in ring of 8 atoms that form covalentiy bonded Sg molecule (FİĞ). These rings are bonded to each other by van der Waals forces (FİĞ).
The structure of the two C polymorphs is different (FİĞ). Dia crystallizes in cubic system whereas Grap hexagonal system. Dia has strongiy bonded structure where each C atom is bonded by covalent bonds to 4 C neighbours in a tetrahedral coordination. Whereas,  the structure of Grap consists of 6-membered rings in which each C atom has 3 closest neighbours covalentiy bonded in an equilateral triangle. The forth electron is free to wander över the surface of the sheet forming van der Waals bond to the next sheet.

S may contain small amounts of Se in substitution. Dia is püre C. impure Grap may contain iron oxide, clay and other minerals.

Hardness. Hs=1.5-^2.5; HDıa=10; HGrap=1^2.

SpeciHc Gravity. SGs-2.05-^2.09; SGoia=3.52; SGorap=2.23.

Colour. S: yellow (with impurities—>green, gray, red); Dia: colourless—^pale shades ofyellow, red, orange, green, blue, brown and grayish-black (Carbonado); Grap: biack.

Streak. S: white, Grap: biack.

Luster. S: resinous->greasy; Dia: adamantine->greasy (uncut); Grap: metallic—>dull

earthy.

Tenacity. S: brittie; Dia: brittie; Grap: flexible.

Cleavage. S: imperfect; Dia: highiy perfect; Grap: basal perfect.

Fracture. S: conchoidal; Dia: chonchoidal.
Other Physical Properties. S: transparent—^translucent, poor conductor of heat,

easily burn; Dia: strong dispersion, (l carat=200mg); Grap: soils finger, greasy feel.

CHARACTERISTIC OPTICAL PROPERTİES
Ali native metals and native semi-metals and native non-metal Grap are opaque under transmitted polarized light. Therefore their identification by optical methods should be carried out using reflecting polarized light.

S^ (FİĞ) Orthorhombic; Yellow; Relief: very high; Cleavage: imperfect; RI:

a=1.958, p=2.038, y=2.245; A=0.2873 very strong; Extmction: //; interference Figure:

Biaxial 2Vz=68°.

Dia. (FİĞ) isometric; Colourless; Relief very high; RI: n=2.4195; interference

Figure: usualiy isotropic rarely uniaxial with anomalous interference colours.

SULPHIDES
The suiphides form an important group of öre minerals. The general formula for

suiphides is given as Mm Xn. The general order oflisting is in decreasing ratio ofM:X.

Chaicocite (Çit)           CuzS

Bornite (Bor)             Cu5FeS4

Galena (Gal)             PbS

Sphalerite (Sph)          ZnS

Wurtzite (Wurt)          ZnS

Chaicopyrite (Cpy)        CuFeS2

Covellite (Cov)           CuS

Cinnabar (Cin)           HgS

Realgar (Rea)            AsS

Millerite (Mil)            niş
Pyrrotite (Pyrr)             Feı.xS

Orpiment (Orp)           As2S3

Stibnite (Sti)              Sb2S3

Pyrite (Pyt)              FeSa

Marcacite (Mar)          FeSz

Molybdenite (Mol)        MoS2

Arsenopyrite (Arş)        FeAsS

Some of the conunon suiphide compositions are represented on S-Cu-Fe triangle

(FİĞ)
CHARACTERISTIC PHYSICAL and CHEMICAL PROPERTIES
Crystal Structure and Composition. Suiphides crystallize in different crystal systems: Gal, Sph, Pyt in isometric-; Bor, Cpy in Tetragonal-; Wurt (High T polymorph of Sph), Cov, Cin, Mol, Mil in Hexagonal-; Sti, Mar in Orthorhombic; and Çit, Rea, Pyrr, Orp, Arş in Monodinic systems.

Regular octahedral and tetrahedral coordination about S is found in many simple suiphides; eg., Gal, Sph. in more complex suiphides distorted coordination polyhedra may be found (FİĞ). Many ofthe suiphides have ionic, covalent and metallic bonding characteristics. Minör and trace amounts of different elements enter into the stmcture of different suiphide minerals:

Çit   Ağ, Au

Gal   Ağ, Pt, Pd, Zn, Cd, Mo, Ni, Hg, Ga, Ge, in. Sn, Sb, As, Bi, Se, Te

Sph  Fe, Mn, Cd, Ga, Ge, in, Hg, Co, Cu, Ağ, Sn

Cpy Au, Ağ, Pt, Pb, Co, Ni, Mn, Sn, Zn, As, Se

Cin   Se, Te

Pyrr Ni, Co, Mn, Cu

Orp Sb

Sti   Ağ, Au, Fe, Pb, Cu
Pyt   Ni, Co, Au, Cu

Mar Ağ, Ti, V, Tl

Arş  Co

Hardness. H ranges from \.5—>4 for most suiphides with the exception of Pyt, Mar, and Arş. Hc,t=2.5^3; HBor=3; Hoai=2.5; Hsph=3.5->4; Hwurt=3.5->4; Hcpy-3.5-^4; Hcov-1.5-^2; Hon-2.5; HRea=1.5->2; H.Mii=3-^3.5; Hpy^4; Hon,=1.5->2; H<>ti=2;

Hpyt=6->6.5; HMar=6->6.5; HMoi=l->-1.5; and HArs=5.5->'6.

Specific Gravity. SG ranges from 3.4->8.1. SGcii=5.5->5.8; SGeor^. 06->5.08;

SGoai=7.4-^7.6;  SGsph=3.9^4.1;  SGwurt=3.98;  SGcpy=4.1^4.3;  SGcov=4.6->4.76;

SGcin=8.1;    SGRea=3.48;    SGM,ı=5.3->5.65;    SGpy^=4.58->4.65;    SGop=3.49;

SGsü=4.52^4.62; SGpyı=5.02; SG.Mar=4.89; SGMoi=4.62->4.73; and SGArs=6.07.

Colour. Çit: lead-gray (tamished biack); Bor: brownish-bronze (tarnished purple- blue); Gal: lead-gray; Sph: colourless (püre) green, yellow, red (ruby zinc), brownish^'black (high Fe-content—>black jack); Wurt: brownish biack; Cpy: brass-yellow (tarnished bronze); Cov: indigo-blue; Cin: vermillon-red (pure)—>brownish red (impure); Rea: red->orange; Mil: brass-yellow, bronze-yellow (tarnished gray iridescent); Pyrr: brownish bronze; Orp: lemon-yellow; Sti: lead-gray—^biack; Pyt: pale brass-yellow; Mar: white—>pale bronze- yellow (tamished yellow-brown); Mol: lead-gray; Arş: silver-white. 

Streak.  Çit:  grayish biack;  Bor: grayish biack;  Gal: lead-gray;  Sph:
white—^yellow—>brown; Wurt: brown; Cpy: Greenish biack; Cov: lead-gray—>black; Cin: scarlet; Rea: red-^orange; Mil: greenish biack; Pyrr: biack; Orp: pale yellow; Sti: lead- gray^black; Pyt: greenish—>brown-black; Mar: grayish biack; Mol: grayish biack; Arş: biack.
Luster. Most suiphides have metallic luster. Çit: metallic; Bor: metallic; Gal: bright metallic; Sph: resinous-^-sub-metallic—^adamantine; Wurt: resinous; Cov: metallic; Cin: adamantine (püre) ->dull earthy (impure); Rea: resinous; Mil: metallic; Pyrr: metallic; Orp: resinous—>pearly; Sti: metallic; Pyt: metallic; Mar: metallic; Mol: metallic; Arş: metallic. Tenacity. Çit: scetile (imperfect); Cpy: brittie; Cov: flexible; Rea: sectile; Mil: brittie—^elastic; Orp: flexible, sectile; Pyt: brittie; Mol: sectile, flexible.

Cleavage. Çit: poor; Gal: perfect-cubic; Sph; perfect; Wurt: distinct; Cov: perfect;

Cin: perfect; Rea: fair—^good; Mil: perfect; Orp: perfect; Sti: perfect; Mol: perfect; Arş: poor.

Fracture. Çit: conchoidal; Rea: chonchoidal; Mil: uneven; Sti: sub-conchoidal; Pyt:
conchoidal.

Other Physical Properties. Çit: fine-grained massive; Sph: transparent-^ translucent; Wurt: hemimorphic hexagonal, tabular and pyramidal crystals, striated horizontally,  fibrous,  massive,  invert  to  Sph;   Cpy:   usualiy  massive;   Cin: transparent—Mranslucent; Rea: association with Orp; Mil: very slender—>capillary rystals, delicate radiating groups, intenvoven like wad of hair, columnar tufted coatings, semi- globular, radiating; Pyrr: magnetic, massive; Orp: translucent, foliated; Sti: radiating group or biaded crystal, striations, easily füsible (candle-flame); Pyt: well-developed cubic system crystal; Mar: cockscomb habit, fibrous radiating crystals; Mol: scaly, greasy feel.

CHARACTERISTIC OPTICAL PROPERTİES
Most suiphide minerals such as Çit, Bor, Gal, Cpy, Cov, Cin, Mil, Pyrr, Sti, Pyt,
Mar, Mol, and Arş are opaque under transmitted polarized light. Therefore their identification by optical methods should be carried out using reflecting polarized light.

However, Cov and Cin aithough opaque they become transparent at the edges of very thin plates.

Sph. isometric; Colourless may show zonal distribution of colours; Cleavage:

perfect; Relief very high; RI: n=2.37—^2.47 (TFe); interference Figure: usualiy isotropic,

rarely anisotropic due to strain.

Wurt. Hexagonal; Light green pleochroic; Cleavage: easy; Relief: extremely high;

RI: o=2.356, e= 2.378; A=0.022; Extinction: //; interference Figure: Uniaxial (+).

Cov. Hexagonal; Light green pleochroic; Cleavage: perfect; Relief: moderate (-); RI:

o=1.45, s= (?); A= (?); Extinction: //; interference Figure: Uniaxial (-).

Cin. Hexagonal; Red pleochroic (?); Cleavage: perfect; Relief: very high; RI:

o=2.91, e=3.27; A=0.36 extreme; Extinction: //; interference Figure: Uniaxial (+).

Rea. (FİĞ) Monociinic; Red pleochroic (?); Cleavage: fair; Relief: very high; RI:

a=2.54, 3=2.68, y=2.70; A=0.16 very strong; Extinction: oblique xac=+ıp; interference

Figure: Biaxial 2Vx=40°.

Orp. Monodinic; Yellow pleochroic (?); Cleavage: perfect; Relief: very high; RI:

a=2.4, P=2.8, y=3.0; A=0.6 extreme; Extinction: //; interference Figure: Biaxial 2Vz=70°.

SULFOSALTS
The suifosals comprise a diverse and relatively large group ofminerals with about 100 species. important members are:
Enargite (Ena)            Cu3AsS4

Pyrargite (Pyra)           Ag3SbS4

Proustite (Prou)           Cu3AsS4

Tetrahedrite (Tetr)        Cui2Sb4Si3

Tenantite (Tena)          Cui2As4Si3

CHARACTERISTIC PHYSICAL and CHEMICAL PROPERTIES
Crystal Structure and Composition. Sulfösalts differ from sulpnides, suifoarsenides and arsenides in that As, Sb, and rarely Bi play a röle of metals in the crystal structure, and is coordinated to four neighbouring S ions (FİĞ).
Members of the suifosalt group of minerals crystallize in isometric- (Tet, Tena), hexagonal- (Pyra, Prou), and orthorhombic- (Ena) sytems. in Ena Sb substitutes for As and some Fe, and Zn are usualiy present. Pyra and Prou are silver ores. Tetr and Tena form complete solid solution. Fe, Zn, Ağ, Pb and Hg may substitute for Cu.

HardneSS. he^; Hpyra=2.5; Hpn>u=2->2.5; HTetr=3-?4; HTena=3->4 (FİĞ).
Specific Gravity. SGEna=4.43^4.45; SGp^a=5.77->5.86; SGprou=5.57-).5.64;

SGretr-4.4-^5. l; SGr»a=4.37^4.49 (FİĞ).
Colour. Ena: grayish black—>iron-black; Pyra: grayish black—>black, deep red;

Prou: scarlet-vermillon; Tetr: flint-gray-> iron-black; Tena: biackish lead gray^iron-black.

Streak. Ena: grayish biack; Pyra: purplish red; Prou: scarlet-vermillon—>aurora-red;

Tetr: flint-gray—>' iron-black^brown^cherry-red.

Luster. Ena: metallic; Pyra: metallic-^adamantine; Prou: adamantine; Tetr:
metallic-»splendent.

Tenacity. Ena: brittie; Pyra: brittie; Prou: brittie; Tetr: rather brittie.

Cleavage. Ena: perfect; Pyra: distinct; Prou: distinct; Tetr: none.

Fracture. Ena: uneven; Pyra: conchoidal—>uneven; Prou: conchoidal—>uneven;

Tetr: sub-conchoidal—>uneven.
Other Physical Properties. Ena: small cıystals, faces vertically striated, massive, granular, columnar, opaque; Pyra: prismatic crystals, massive, compact, opaque—>•transparent; Prou: rhombohedral crystals, massive, compact, transparent->translucent; Tetr: tetrahedral  crystals,  massive,  granular,  compact,  opaque—>'sub-translucent;  Tena: dodecahedral crystals, massive, compact.

CHARACTERISTIC OPTICAL PROPERTİES
Most suifosalt minerals such as Ena, Tetr, and Tena are opaque under transmitted polarized light. Therefbre their identification by optical methods should be carried out using reflecting polarized light. However, Tetr, and Tena aithough opaque they become transparent at the edges ofvery thin spiinters.

Pyra. Hexagonal; Deep red; Cleavage: distinct; Relief: extremely high; RI: ©=3.084,

e=2.881 (FİĞ); A0.203, extreme; Extinction: //; interference Figure: Uniaxial (-).

Prou. Hexagonal; Red; Cleavage: distinct; Relief: extremely high; RI: o=3.0877,

e=2.7924; A=0.295, extreme; Extinction: //; interference Figure: Uniaxial (-).

OXIDES
Oxides form an important group of öre minerals and they also occur as minör or

accessory minerals in rocks. Oxides are classified generally according to their structure into cubic-, tetragonal-, rhombohedral-oxides, and spinel group.

CuzO

MgO

(Mg, Fe)0 

Ti02

TİÖ2

Mn02

Sn02
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FeTi03

MgTi03

MnTi03

Ti02
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Cubic Oxides
Cuprite (Cup)

Periclase (Per)

Magnesiowustite
Tetragonal Oxides

Rutile (Rut)

Anatase (Anat)

Pyrolusite (Pyri)

Cassiterite (Cas)

Rhombohedral Oxides

Corundum (Çor)

Hematite (Hem)

Ilmenite (Hm)

Geikielite

Pyrophanite
Orthorhombic Oxides

Brookite (Broo)
Monociinic Oxides ABOa

Perovskite (Pero)
SPINELS (Spi) AB2Ö4

Al-Spinels_______

Hercynite

Spinel (Spi)

Gahnite

Galaxite
Cr-Spinels
Chromite (Chro)

Magnesiochromite
Fe-Spinels
Magnetite (Mat)

Magnesioferrite
Franklinite
Jacobsite
Trevorite
A-site____B-site
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Al3"

Zn2"
Al3"
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Fe^Fe3"

Mg^Fe3"
Fe^Mg2"

Zn2"
Fe3"

Mn^Fe3"
Fe^Mn2"

Fe3"
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Ti-Spinels
Ulvospinel                Fe2"         Fe2" Ti4"

Quandilite                Mg2         Mg2" Ti4"

Spinel-Like Oxides:
Chrysoberyl (Chbe)       BeAl204

CHARACTERISTIC PHYSICAL and CHEMICAL PROPERTIES
Crystal Structure and Composition. Cup stmcture consists of tetrahedral groups where O atoms are at comers whereas Cu iying halfway between 2 O's (FİĞ), in other cubic oxides NaCl-structure is adopted where each cation is surrounded by 6 O " and M06 octahedra share ali their edges with neighbouring octahedra (FİĞ). Tetragonal oxides have Rut-structure where each cation4^ is surrounded by 6 O2' and M06 octahedra share ali their edges and corners with neighbouring octahedra so that each O2" is surrounded by 3 cations (C.N. 3) (FİĞ), in rhombohedral oxides the stmcture consists of octahedral layers of edge sharing M06. This forms hexagonal close packed O2' array (FİĞ). Orthorhombic oxide Broo is rare, whose Structure consists of O octahedra arranged in zig-zag lines rather than straight lines as in Rut. The Structure of monociinic Pero is based on cubic closest packing of O, with one-quarter of O replaced by a large A cation (Ca, Na, K, Sr, Ba, La, Y). This large cation position has (C.N. 10). The B cations (Ti, Nb, Ta, Zr, Cr, Al) occur in octahedrons that share only apices (FİĞ). Total valence of (A+B) must be equal to 6 in order to balance 3 O2. The Pero Structure is very important for studying high P minerals that make up the deep mantle rocks. Spi-structure consists of cubic close packed O2^^ tetrahedral (A-sites) and octahedral (B-sites) sites occupied by cations (FİĞ). The Structure of Chbe is different from other Spi's due to the very small size of Be. it consists of O atoms in hexagonal closest packing with Be in 4-fold coordination with O and Al in 6-fold coordination with O. Chbe crystallizes in Orthorhombic system. in Cup FeO may be present as an impurity. Cubic oxides Per and magnesiowüstite form a solid solution series with Mg<=>Fe. Zn and possibiy Mn may sustitute partiy Mg in natural minerals. Magnesiowüstite is a mantle mineral, in tetragonal oxides Rut hasconsiderable amounts of Fe2^ Fe3^ Nb, Ta, Sn and small amounts of Cr and V; Pyri commoniy contains some H20; Cas always appears to contain small amounts of Ti, Fe2^ Fe3^ Nb, Ta, Sc. in rhombohedral oxides there is very limited solid solution between Hem and Çor with AT^Fe3^ in red ruby AP^Cr34^ and in blue sapphire A13+<=>Ti4+ substitutions occur. There are minör or trace amounts of V, Ni, Mn, Mg, Ca, Cu, Cd, and Mo in Çor; Mn, Ti, Mg, Al in Hem; whereas Dm contains considerable amounts of Mg, Mn, Ca and small amounts ofV, Zn. Spi's may have minör to trace amounts of Co, Cd, Cu, Ni as divalent and V, Sn, Ga, Ge, in, Co as trivalent ions in their crystal structure. The solid solutions between Ilm-Hem and Ulvospinel-Mat are limited and complete respectfülly, depending on T at which they form (FİĞ).
Hardness. Hcup=3.5^4; Hper=5.5->6; H^=6->6.5; HAnat=5.5->6; Hpyri=2^2.5;

Hcas=6->7; Hcor=9; HHem=5.5-^6.5; HBroo=5.5->6; Hpero=5.5; Hito=5.5^>6; Hspi=8;

Hchr=5.5; HMat=5.5->6.5; Hchbe=8.5.

Specific Gravity.  SGcup=5.85->6.15;  SGper=3.56->3.68;  SGput=4.18->4.25;

SGAnat=3.90->4.04; SGpvrr=4.75; SGcas=6.8-^7.1; SGcor=3.95-^4.1; SGHem-4.9-^5.3; SGBroo=4.08-^4.20; SGpero=3.97^4.05; SGıin=4.7-^5; SGspi=3.5-^4.1; SGchr=4.1-^4.9; SGMat=5.18; SGchbe^. 5—>3.84.

Colour. Cup: red, concineal-red—>crimson-red, almost biack; Per: grayishwhite—>yellow brown; Rut; red—^reddish brown->black; Anat: brown, yellowish, reddish brown—>indigo blue—>black, greenish, blue-green, pale lilac, slate-gray, colourless; Pyri: iron-black; Cas: brown, biack, yellow or white; Çor: colourless—>shades of brown, pink, blue (sapphire), red (ruby); Hem: reddish—>brown-black; Broo: hair-brown, yellowish brown, reddish brown, dark brown—>iron-black; Pero: biack, grayish biack, brownish biack, reddish brown, yellow; Um: iron-black; Spi: white, red (ruby spinel), lavender, blue, green, brown, biack; Chr: iron-black—>brownish biack; Mat: iron-black; Chbe: asparagus-green, grass- green, emerald-green (Alexandrite), greenish white, yellowish green, brown, raspberry- or columbine-red.

Streak. Cup: brownish red, shining; Rut: pale brown; Anat: colourless—>-pale

yellow; Pyri: iron-black—>bluish biack; Cas: white—>brownish; Çor: uncoloured; Hem: light—>dark cherry-red; Broo: uncoloured—>grayish->yellowish; Pero: colourless-^grayish; Dm: biack—>brownish biack; Spi: white; Chr: dark brown; Mat: biack; Chbe: uncoloured. Luster. Cup: adamantine—>sub-metallic—>earthy; Rut: adamantine—>metallic; Anat: adamantine-^metallic adamantine—^splendent; Pyri: metallic-»dull; Cas: adamantine—>sub- metallic-^dull;  Çor:  adamantine—^vitreous;  Hem:  metallic-^dull;  Broo:  metallic adamantine->sub- metallic; Pero: adamantine^'metallic adamantine->metallic->dull; Hm: metallic—>-sub-metallic; Spi: vitreous^^neariy duli; Chr: metallic-^sub-metallic; Mat: metallic—>sub-metallic; Chbe: vitreous. 

Tenacity. Cup: brittie; Rut: brittie; Anat: brittie; Çor: very tough, brittie; Hem: brittie, eleastic in thin lamina; Broo: brittie; Pero: brittie; Spi: brittie; Chr: brittie; Mat:
brittie; Chbe: brittie.

CIeavage. Cup: interrupted; Per: perfect; Rut: distinct; Anat: perfect; Pyri: perfect;

Cas: imperfect; Çor & Hem: no cleavage but well developed parting; Broo: indistinc; Pero: imperfect; Spi: imperfect; Mat: not distict; Chbe: quite distinct—>• imperfect. 

Fracture. Cup: conchoidal—>uneven; Rut: sub-conchoidal-Hineven; Anat: sub-conchoidal; Pyri: spiintery; Cas: sub-conchoidal->uneven; Çor; uneven—>conchoidal; Hem: sub-conchoidal->uneven; Broo: sub-conchoidal->uneven; Pero: uneven—^sub-conchidal; Hm: conchoidal; Spi: conchoidal; Chr: uneven; Mat: hackiy; Chbe: uneven-> conchoidal. 

Other Physical Properties. Cup: Cubic and octahedral crystals, capillary crystals, massive, granular, sub-transparent->sub-translucent; Per: soluble m dil. HC1; Rut: sub- translucent->transparent; frequently elbow-twins; Anat: pyramidal, prismatic and tabular crystals, translucent->opaque; Pyri: soils fıngers, granular massive also dendritic habit; Cas: radiating fibrous variety (wood-tin), transparent-^translucent, poor conductor of heat, Çor: feels cold, transparent-»translucent, barrel shaped crystals; Hem: bothroidal; scaly variety specularite, translucent; Broo: only as tabular, prismatic, elongated crystals, striated, transparent in small fragments; Pero: cubic crystals, striated, reniform masses, massive granular, transparent I thin spiinters; Ilm: may be magnetic; Spi: usualiy translucent—^ transparent-»opaque, octahedral crystal form; Chr: translucent—>'opaque, commoniy massive, association with yellow green serpentine minerals; Mat: strongiy magnetic; Chbe: tabular crystals, commoniy cyciic twinning, transparent—^translucent, shows bluish opalescence or chatoyancy and asteriated.

CHARACTERISTIC OPTICAL PROPERTİES
Some oxide minerals such as PyrI, Hem, Chr, and Mat are opaque under transmitted polarized light. Therefore their identification by optical methods should be carried out using reflecting polarized light. However, Chr athough opaque it becomes transparent at the edges ofvery thin plates.

cup. isometric; red—>yellow; Cleavage: interrupted; Relief: very high; RI: n=2.829;

interference Figure: isotropic; Alteration: commoniy to malachite.

Per. isometric; Colourless—>yellowish green; Cleavage: cubic perfect; Relief: high;

RI: n=1.735->2.32 (TFe) (FİĞ); interference Figure: isotropic.

Rut. (FİĞ) Tetragonal; yellowish—M-eddish brown, weak->distinctly pleochroic;

Cleavage: prismatic imperfect; Relief: extremely high; RI: 0=2.603 ->2.616, e=2.889->2.903;A=0.286->0.287, extree; Extinction: //; Sign ofElongation: slow along cleavage; Twinning: knee-shaped common; interference Figure: Uniaxial (+).

Anat. (FİĞ) Tetragonal; brown, yellow-brown, greenish blue, weak->distinctlypleochroic; Cleavage: perfect; Relief: extremely high; RI: (0=2.561-^2.562, s=2.488->2.489;A=0.073, very high; Extinction: //; Compositional zoning is sometimes present; interferenceFigure: Uniaxial (-).

Cas. (FİĞ) Tetragonal; Colorless—^gray, yellowish, reddish or brown, rarely pleochroic, often shows zoning; Cleavage: prismatic imperfect; Relief: very high; RI: 
0=1.996, e=2.093; A= 0.097 very high; Extinction: //; Sign of Elongation: slow along

cleavage; Twinning: common; interference Figure: Uniaxial (+).Çor. (FİĞ) Hexagonal; Colourless->pale red, green, blue, thick sections pleochroic, zoning is not uncommon; Parting: common; Relief: very high; RI: 0=1.767-^1.772, s=l.759^1.763; A=0.008->0.009, weak; Extinction: // to outline, symmetric to parting planes; Sign of Elongation: fast along; Twinning: polysynthetic; interference Figure: Uniaxial (-).

Broo. (FİĞ) Orthorhombic; Yellowish brown, golden brown, orange, reddish brown and dark brown, weakly pleochroic; Cleavage: imdistinct; Relief: very high; RI: a=2.5331->-2.6717,  p=2.5375^2.6770,  y=2.6429^2.809;  A=0.11-»0.137  extreme; Extinction: //; Sign of Elongation: fast along; Compositional zoning is sometimes present, interference Figure: Biaxial 2Vz=10-30°. Pero. (FİĞ) Monociinic-Pseudoisometric; Colourless—>dark brown, olive-green, brown, weakly pleochroic; Cleavage: imperfect, Relief: very high; RI: n=2.30—>2.37; A= very weakly birefingent; Twinning: common; zaç (or a)=45°; interference Figure: Biaxial (+) 2V=90°, commoniy isotropic. Spi. isometric; Colourless—>green (pleonaste), olive-green, brown (picotite); Cleavage: cubic perfect; Relief: high; RI: n= l. 72—>• l. 78 (FİĞ); interference Figure: isotropic. Chr. isometric; dark brown; Relief: very high; RI: n=2.07—>2.16; interference Figure: isotropic. Chbe. (FİĞ) Orthorhombic; Colourless, sometimes pleochroic columcine- red^orange-yellow-»emerald green; Cleavage: imperfect; Relief: high; RI: <x= l. 744—^ l. 747, (3=1.747->1.749, y=1.753->1.758; A=0.009 l51 order interference colours; Extinction: //; Sign of Elongation: fast along; interference Figure: Biaxial 2Vz=10-71°. <$><^

HYDROXIDES
important hydroxide minerals are

Brucite Group
Brucite (Bru)            Mg(OH)2

Manganite (Man)         MnO(OH)

Goethite Group
Diaspore (Dias)           a AIO(OH)

Goethite (Goe)           a FeO(OH)

Bauxite Mineral Group
Gibbsite (Gib)            A1(OH)3

Boehmite (Boeh)          7 AIO(OH)

Lepidochrocite (Lepi)     y FeO(OH)

Amorphous Hydroxides
Limonite (Lim)           FeO(OH). nH20

Psilomelane (Psi)         Mn oxide/hydroxide

CHARACTERISTIC PHYSICAL and CHEMICAL PROPERTIES
Crystal Structure and Composition. Ali structures are characterized by the presence of (OH)" group or H^O molecules with weak hydrogen bonding. Bru consists of Mg + ions in octahedral coordination with respect to (OH)", producing layers l'' to c-axis. Between layers there is very weak bonding (FİĞ). The structure of Dias and Goe (OH)' groups are arranged in hexagonal closest-packing, with Al^ in octahedral coordination between them (FİĞ). A chain-like pattern is produced by A103(OH)3 or Fe03(OH)3 octahedra extending along c-axis. Gib structure is identical to Bru structure but 1/3 of the octahedrally coordinated cation (Al +) positions are vacant (FİĞ). Boeh and Lepi structures resemble Dias and Goe structure, but octahedras are joined in different fashion (FİĞ). Lim and Psi have no definite structure since they are amorphous. in Bru Fe, Mn, and Zn replace Mg. in Dias Fe^ and Mn replace Al. in Goe Mn substitutes Fe. in Gib structure Fe^ substitutes for Al. in Boeh small amount of Fe^ may substitute Al. in Lepi Mn34^ may replace Fe3^ Lim and Psi has variable HzO content. They may contain impurities of colloidal silica, phosphates, clay minerals and organic decomposition products, as well as small amounts ofhydrous A1203. in Psi small amounts of Mg, Ca, Ni, Co, Cu may also be present.

Hardness. HBru=2.5;  HMan=4;  HDias=6.5->7;  HGoe=5^5.5;  Hoib=2.5^3.5;

HBoA-3.5-^4; HLep-5; Hmn=5-^5.5; Hp,i=5->7.

Specific   Gravity.   SGBr=2.38-»2.4;   SGMan=4.2-)4.4;   SGDias=3.35->3.50;

SGooe=4.37-^3.3 (impure); SGoil^J--^; SGBoeh=3; SGLq,j=4.09; SGum=3.6->4;

SGpsi-3.3^.4.7.

Colour. Bru: white, gray, light green; Man: dark steel-gray—>iron-black; Dias:
white, gray, yellowish, greenish; Goe: yellowish brown—^ dark brown; Gib: white, grayish, greenish or reddish white; Boeh: white; Lepi: orange; Lim: brownish yellow, ocher yellow (tamished neariy biack); Psi: brownish black-xlark steel-gray.

Streak. Man: reddish brown—>nearly biack; Goe: yellowish brown, ocher-yellow;

Lepi: orange; Lim: yellowish brown; Psi: brownish biack.

Luster. Bru: pearly—>vitreous—^waxy; Man: sub-metallic; Dias: vitreous—>brilliant —>pearly on cleavage; Goe: adamantine—>dull, silky when fibrous; Gib: pearly-»vitreous; 

Lim: duli earthy^silky; Psi: sub-metallic^dull.

Tenacity. Bru: flexible, sectile; Man: brittie; Dias: very brittie.

Cleavage. Bru: perfect; Man: perfect; Dias: perfect; Goe: perfect; Gib: eminent;

Boeh: good; Lepi: perfect.

Fracture. Man: uneven.

Other Physical Properties. Bru: transparent—Mranslucent; Man: commoniy

prismatic, twinning, striations //1 to c-axis; Dias: biaded, scaly and foliated habit,

transparent->sub-translucent; Goe: sub-translucent, stalactitic, reniform, banded habit and radiating fibrous aggregates, or foliated in scales; Gib: translucent, spheroidal concretions, stalactitic,  mammillary  habit;  Lim:   stalactitic,  reniform,  botryoidal,  mammillary, concretionary habit, occasionally earthy; Psi: massive, stalactitic, reniform, botryoidal, mammillary habit.

CHARACTERISTIC OPTICAL PROPERTİES
Bru. (FİĞ) Hexagonal; Colourless; Cleavage: perfect; Relief: fair; RI: o)=1.566, E=1.585; A=0.019, anomalous 181 order; Extmction: //; Sign of Elongation: fibers fast along; interference Figure: Uniaxial (+).

Man. Orthorhombic; Opaque, in minute spiinters sometimes brown. Dias. (FİĞ) Orthorhombic; Colourless, sometimes pleochroic dark violet^red- brown-»faint yeUow; Cleavage: imperfect; Relief: high; RI: a=1.958, P=2.038, y=2.245; A=0.2873 very strong; Extmction: //; Sign of Elongation: fast along; interference Figure: Biaxial 2Vz=84-86°.

Goe. (FİĞ) Orthorhombic; Yellow—>brown, yellow->orange-»blood-red; Cleavage:

perfect-rectangular;   Relief:   very   high;   RI:   a=2.260^-2.275,   (3=2.393 ->1.409,

y=2.398—»•2.515; A=0.138-^0.140 very high; Extmction: //; Sign of Elongation: slow along or ±; interference Figure: Biaxial 2Vx=0-27°.

Gib. (FİĞ) Monociinic; Colourless—>pa\e brown pleochroic; (?); Cleavage: present;

Relief: moderate; RI: a=l. 56->.l. 58, P=l. 56->1.58, y=l.58-^1.60; A=0.022 max. lower 2"'1 order ; Extinction: oblique ZAc=+21°; Twinning: polysynthetic; interference Figure: Biaxial 2Vz=0-40°.

Boeh. Orthorhombic, minute crystals; Colourless; Cleavage: very good; Relief: high;

RI: a=1.64^>1.65, (3=1.65^1.66, y=1.65^1.67; A=0.015 max. middie l81 order; Extinction://; interference Figure: Biaxial 2Vz=80° (?).

Lepi. (FİĞ) Orthorhombic; Brownish red-^blood-red, yellow-orange, pleochroic;

Cleavage: perfect; Relief: very high; RI: a=1.94, P=2.20, y=2.51; A=0.57 extreme;

Extinction: may not be apparent due to very high A; interference Figure: Biaxial 2Vx=83°.

Lim. Amorphous; Yellow-^dark brown^'opaque; Relief very high; RI: n=2.0—>2.1;
interference Figure: isotropic.

Psi. Amorphous; Opaque.

HALIDES
Halides are characterized by the dominance of electronegative halogen anions: F", Cl", Br", I'. Three simple common halide minerals are namely:

Halite (Hal)        NaCI
Syivite (Syl)        KC1

Fluorite (Flu)       CaFa

Boleite (Bol)      Pb9Cu8Ag3Cl2i(OH)i6. ÎH^O (?)

CHARACTERISTIC PHYSICAL and CHEMICAL PROPERTIES
Crystal Structure and Composition. in the structure of Hal, each cation and anion is surrounded with 6 closest neighbours, in octahedral coordination (FİĞ). Syl also has similar structure where Na+ is replaced with K^ cations. in the Flu structure the Ca^ cations are arranged at the comer and the face centers of cubic unit celi. F" anions are tetrahedrally coordinated to 4 Ca2^. Each Ca^ is coordinated to 8 F" that surround it at the comers of a cube (FİĞ). Bol is a complex double halide mineral of Pb and Ağ, and also contains oxide of Cu,and water molecule.

Aithough Hal & Syl are isomorphous in natural minerals there is liftle solid solution between them. Both minerals have small amounts ofBr replacing Cl. Hal and Syl also have impurities of clay minerals, iron oxide, Gyp and other evaporite minerals. in Flu Y and Ce replaces Ca. Some variety known as Blue John has variable amounts of hydrocarbons. Dark purple Flu contains appreciable amounts of Sr.

Hardness. H ranges from 2—>4, where HHai=2.5; Hsyi=20; Hnu=4; HBoi=3—^3.5.

Specific Gravity. SG ranges from 2-^3.5 where SGHar2.16(pure)-^2.6; SGsyi=1.99;

SGpiu=3.01-^3.25; SGBoi=5.5.

Colour. Hal: Colourlees & white (püre), yellow, red, blue, purple (with impurities);

Syl: Colourlees & white (püre), yellowish red, bluish (with impurities); Flu: white, yellow, wine-yellow, green, greenish blue, violet-blue, sky-blue, rose- & crimson-red, brown; Bol: deep Prussian-blue, indigo-blue, biackish blue.

Streak. Ali have uncolored streak except Bol: blue with greenish tint.

Luster. Ali have vitreous luster except Bol: weakly vitreous—>pearly.

Tenacity. Ali are brittie.

Cleavage. Hal & Syl: perfect-cubic; Flu: highiy perfect-octahedral; Bol: perfect.

Fracture. Hal: conchoidal; Syl: uneven; Flu: flat-chonchoidal.

Other Physical Properties. Hal: usualiy cubic crystals, salty taste, soluble in HaO, transparent->translucent; Syl; salty but bitter taste, soluble in I-bO, translucent; Flu: cubic crystal forms or massive, transparent-^sub-translucent; Bol: twinned to form pseudo-cubs, translucent.

CHARACTERISTIC OPTICAL PROPERTIES
Hal. isometric; Colourless; Cleavage: perfect-cubic; Reliefvery low; RI: n= 1.544;

interference Figure: isotropic.

Syl. isometric; Colourless; Cleavage: perfect-cubic; Relief appreciable (-); RI:

n=1.4904; interference Figure: isotropic.

Flu. isometric; Colourless or with purple bans or spots; Cleavage: perfect-octahedral,

2-cleavages at 70-110°, or 3 cleavages at 60-120°; Reliefvery low; RI: n=1.434; interference

Figure: isotropic.

Bol. Tetragonal; Bluish green; Cleavage: perfect; Relief: very high; RI: ©=2.05,

e=2.03; A=0.02,; Extinction: //; interference Figure: Uniaxial (-), core isotropic.

