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PRINCIPLES OF STRUCTURAL OPTICAL
MINERALOGY
BY

YE DANIAN
SUMMARY

Structural optical mineralogy is a new branch of mineralogy which foc-
uses on the investigation of relations between optical properties and crystal
structures of nonopaque minerals. The main theme of this book, in addition
to an introduction of what has been.achieved by Larsen, Bragg, Wooster,
Proshina, Leng Hengjin and others, is the results of the author's research
in about twenty-five years. The book is composed of the followingseven
chapters;

Chapter 1. Some basic knowledge of atomic structure and crystalloche-

mistry

Chapter 2. Relationship between the mean refractive indices of minerals

and their chemical compositions and densities

Chapter 3. Refractivities of minerals, compounds and ions in relatior to

the electron configurations

Chapter 4. Calculations of the mean refractive indices of minerals from

the crystal structures and compositions

Chapter 5. Optical anisostropy and crystal structures of minerals

Chapter 6. Structural optical mineralogy of the major rock-forming min-

erals

Chapter 7. Dispersion reciprocals of minerals.

In chapter 2, after a presentation of Newton’s, Lorenz-Lorentz’s and Al-
len’s refractivities, the Gladstone-Dale equation is explained in detail. Chap-
ter 3 introduces the concept of Gladstone-Dale’s ionic refractivity (GDIR)
and puts forward a set of GDIR values for all ions present in minerals.Quan-
titatively shown are relations between GDIR values and electron configura-
tions. For the IA, IIA, IIA, IVA, VA and VIA groups of elements in
Mendeleev's periodic table, the GDIR value increases linearly with the ato-
mic number within each group. In the periods the variation patterns of the
ionic refractivities of the noble gas type ions are different from those of 1»
electron type ions. In each‘ period the GDIR vaiue of nobie gas type 1ons
increases linearly with the atomic number except for the abnormal peaks at
N°*, N°**, Ti'*, Nb** and W*®' which have valence electrons of 2872p°,
2s*2p*,3d*4s?,4d°5s* and 5d‘6s®, respectively. For the 18 electron type ions in
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each period, the curves of GDIR values are of “V”-shape or “J”-shape.Two-
humped curves of GDIR vs. the number of 3d electrons ocecur with the bi-
valent and trivalent cations of the first period of transition elements.Becau-
se of the lanthanide contraction, the ionic refractivities of rare earth ele-
ments decrease with increasing atomic number.

In chapter 4, besides a description of Proshina’s theory on the calcula-
tion of mean refractive indices of minerals from crystal structures and Leng
Hengjin'’s work on the determination of crystal structures of borates from the
calculations of refractivities, the author’s research results are given in detail,
The mean refractive indibes of minerals with closest packing of oxygen can
be calculated from the following equation,

0=1.710-0.0141(V,—13.9) + 0.0860C,+ 0.0260C; —AC,+ =P, I, — Eq;D;
where 1.710 is Fajans’ constant; V, is the volume shared by each oxygen
fon;Cy and Cy are the occupancies of octahedral and tetrahedral sites respe-
ctively; A and C, are, respectively, the correction factors for complex anio-
s and the occupancy of central cations in tetrahedral sites; and $P;I, and
£2q:D; stand for the increments of heavy cations and the decrements of acd-
ditional anions, respectively.

The refractive indices calculated by using the above equation are in go-
od agreement with the measured ones, This equation is very useful in the
determination of crystal structures and the identification of minerals.

The refractive indices of framework silicates can be calculated from an
equation as follows,

0=1.595—0.0120(Vr—33.4) + ZI/m
where 1,595 and 33.4 are, respecttvely, the refractive index and the tetrah-
edron-shared volume of coesite, V; is the volume shared by each tetrahed:-
on, I is the increment of refractive index owing to the isomorphic replace-
ment of ions, and m is the number of tetrahedra in each molecule.

In chapter 5, after a description of Wooster's principles on optical aniso-
tropy in relation to crystal structures of minerals, the author suppliments
three new principles in order to explain the optical anisotropy of all mine-
rals more satisfactorily. The refractivity indicatrix (RI) and the optical ani-
sotropy index (OAI value) are introduced in the investigation of structursl
optical mineralogy apart from simple indicatrix and birefringence. The refra -
ctivity indicatrix is defined by the following elﬁps_oid equation,

z 2 2
(N,Xﬂ)ﬁ(N...Y-—n’*'(N.,z—l)’:l

The OAJ value o) 4 mineral in a given direction is equal to the ratio of

the radius of the RI ip this direction to the mean radius of the perpendic-
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ular ellipsoidal section. For example,

COAI—.  2(N;—1) oA=L g
N,—OAl= NeDrN.—D’ ¢ —0A1 prv an
w—0Al=—2{2—1)

(0—1)+ (e—1)"

In discussing the relations between optical anisotropy and crystal struc-
tures of minerals, OAI is more useful than birefringence. In this chapter the
optical anisotropy of carbonates, nitrates and borates are explained in de-
tail,

The method in calculating the principal refractive indices ot carbonates
is given on the basis of the OAl theory. It is more explicit than Bragg's
point-dipole method which is quoted in detail in chapter 5.

In chapter 6 are discussed the structural optical mineralogy ot silicate
rock-forming minerals in the order of ortho-, ring, chain, sheet and frame-
work silicates.

In chapter 7, the reciprocals of dispersion of some compounds of alkab
metals as well as Tutton's salts are presenited and the additivity of dispersion
reciprocals of silicate glasses is discussed. The reciprocal of dispersion (+
value) of a silicate glass can be calculated in the following way,

r= 3w
where @ is the weight percentage and »; is the intercept for the i compon-
ent present in the glass. The values of the intercepts for some components

of glasses are given.
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