Coding Criteria and Identification Criteria for Optical Analysis

FIRST DIGIT or COLUMN LABELED MIN (Mineralogy) Table A1 (last modified: 08-14-2014)
0 =
“Fresh” Ilmenite (Fe+2TiO2): Ilmenite that has not been altered (alteration <2).  HEX: includes Ilmenite w/ inclusions but not exsolution features, (R % 17-20), Reflectance/Color in oil is light to dark brown sometimes with a pinkish or violet tint.  It is darker than Magnetite especially for Extra Ordinary crystal direction, Bireflectance (Pleochroism): Ordinary crystal direction= light pinkish brown, Extra Ordinary crystal direction =dark brown, Strong anisotropism: light greenish gray, brownish gray, lamellar twinning possible, internal reflections: dark brown rare.
1 =
Ilmenite (Fe+2TiO2) that shows indications of alteration (alteration >1).  Same as above but weak to no anisotropism and reflectance might be slightly greater (R<22).  Twinning and pleochroism are now absent.
2=
Titanomagnetite CUBIC: color in oil is distinctly brown – intermediate between Mag and Ilm, Bireflectance not usu. present, sometimes slightly anisotropic, can be confused with stage 1 altered Ilmenite
3=
Hematite (( Fe2O3): R%=26-30, Reflectance/Color in oil is gray-white with a bluish tint, pleochroism in oil is weak, twins very common, anisotropism is very distinct grayish blue, greenish yellow, deep red to bright red internal reflections are very common.  It will look white compared to Ilmenite or Magnetite.
4=
Titanohematite: Hematite > Ilmenite

5=
Ferroilmenite: Ilmenite > Hematite

6=
Magnetite (Fe+2Fe2+3O4) CUBIC: R%=20, Reflectance/Color in oil is gray with a brownish tint.  Different cation substitutions in crystal structure will cause tint to vary slightly, non-pleochroic in oil, twinning usually lamellar or zonal, internal reflections very, rare.

7=
Magnetite plus Ilmenite, Hematite, or Chromite.  Note should be made as to the other phase such as: 6+1, 6+3, 6+8, 6+2 etc. that will help reconcile the optical and probe information.

8=
Chromite (Fe+2Cr2O4) CUBIC: R%=12.3, Reflectance/Color in oil is dark gray to brownish gray. But differences in color shade and reflectance vary with cation substitution in crystal structure, twinning not observed, internal reflections of red-brown are common with higher Mg and Al content but absent in Fe-rich samples
9=
Other mineral, usually a silicate with high Si and possibly Al that contains inclusions of a magnetic Fe oxide mineral.
SECOND DIGIT or COLUMN LABELED ALT (Alteration for ilmenite but some features used for other minerals as well such as internal reflections or cloudy appearance)

0 =
Stage 0, unaltered, highly pleochroic, anisotropic, Reflectance = 17 %
1 =
Stage 1 alteration, weak pleochroism, weak anisotropic, no internal reflection, Reflectance = 18 %
2 =
Stage 2 alteration, non-pleochroic, no internal reflection, gray efflorescence,

Reflectance = 19 %
3=
Stage 3 alteration, non-pleochroic, brown or reddish-brown internal reflections, light gray spots of cryptocrystalline TiO2 (“cloudy” appearance),


Reflectance = 20 %

4=
Stage 4 alteration, yellow or white internal reflections, “cloudy” appearance, Reflectance = 21-22 %.
Modified Last: 08/14/2014
Flasers are sigmoidal shaped lenses.

Rods are elongated cylinders.
THIRD DIGIT (Exsolution style)

(Use only on mins 4, 5 and 7)

00 = NONE

03 = flasers <1( & 1-5(
05 = lenses (>5() + flasers (<2()

06 = lenses (>5() + blebs elongated (<1()

07 = lenses (<5() + flasers (<1()

08 = Fracture Pattern

10 = straight laminae >5(
11 = straight lam (>5() in 2 directions

12 = straight lam (>5() in 3 directions

13 = straight lam (>5() in (4 directions

14 = lenses in 2 directions

20 = thin straight laminae, 1-5(
21 = thin straight lam (1-5() in 2 directions

22 = thin straight lam (1-5() in 3 directions

23 = thin str lam (1-5() in ( 4 directions

24 = very thin straight laminae, <1(
25 = very thin straight lam in (2 directions

26 = combo of straight laminae, <1 & 1-5(
27 = combo of straight laminae, <1 & >5(
28 = combo of straight laminae, 1-5 & >5(
29 = straight laminae & flasers, <2(
30 = lenses >5( wide

31 = lenses 1-5( wide

32 = lenses <1( wide

33 = combo of <1 & 1-5( wide lenses

34 = combo of <1 & >5( wide lenses

35 = combo of 1-5 & >5( wide lenses

36 = combo str lam & lenses, any thickness

37 = lenses (<1() + rods (<1()

38 = lenses ((1() + rods ((1()

39 = wedge only

40 = wedges >10( at widest point

41 = wedges & straight laminae <1( within

42 = wedges & straight laminae 1-5( within

43 = wedges & straight laminae > 5( within

44 = wedges & lenses <1( within

45 = wedges & lenses 1-5( within

46 = wedges & lenses > 5( within

47 = wedges & flasers <1( within

48 = wedges & flasers 1-2( within

49 = wedges & flasers >2( within

50 = flasers (sigmoidal lenses) <1(
51 = flasers 1-2(
52 = flasers >2(
53 = flasers & straight laminae <1( within

THIRD DIGIT (Exsol style) con’t

54 = flasers & straight laminae 1-5( within

55 = flasers <1( in two directions

56 = flasers 1-2( in two directions

57 = flasers >2( in two directions

58 = rods (<10() width

59 = rods (>10() width

60 = irregular blebs (elongated) >1 or 2(
61 = irregular blebs (elongated) (1 or 2(
62 = irreg blebs (ran orient&shape) >1-2(
63 = irreg blebs (ran orient&shape) (1-2(
64 = irreg blebs (elongated) in two direct

65 = irreg blebs (elongated) in (3 directions

66 = str lam (>5() w/ irregular blebs within

67 = str lam (1-5() w/ irreg blebs within

68 = wedges with irregular blebs within

69 = flasers ((2() & irregular blebs

FOURTH DIGIT

(Inclusion Type & style)

00 = none

70 = straight lamellae voids <1(
71 = straight lamellae voids 1-5(
72 = straight lamellae voids >5(
73 = flaser voids any size

74 = lensoid voids <5(
75 = lensoid voids (5(
76 = rod-shaped voids any size

77 = irregular voids any size

80 = any silicate

90 = apatite

91 = spinel (iso)

92 = ulvospinel

93 = ulvospinel and straight laminae

94 = ulvospinel and lenses

95 = ulvospinel and flasers

96 = ulvospinel and wedges

97 = ulvospinel and voids

98 = other inclusion and exsolution

99 = unknown inclusion

FIFTH DIGIT = twinning 0=none; 1=present

SIXTH DIGIT = rounding 0=none; 1=well-rounded
NOTE – you may see this min usually as features in high Ti-rich Mag: Ulvite (ulvospinel) CUBIC Fe2TiO4 color is a brown to reddish brown.  Very similar to brown of E- Ilmenite - that is, it’s about the same tint as Ilmenite in its darkest position even browner by direct comparison.  Ulvite has a darker brown tint than that of Magnetite.
