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CRYSTALLOGRAPHIC PROCEDURES*
C. W. WorrE, Harvard University, Cambridge, Mass.

During the preparation of crystallographic descriptions for the new
edition of Dana’s System of Mineralogy and also in mineral descriptions
from this laboratory, certain procedures are followed. These are pre-
sented here.

MEASUREMENTS

To give a concise and accurate treatment of morphological investiga-
tions a tabulation such as that in Table 1 is used. In this table “No.
Times” refers to the number of times faces of the listed form were seen,
and “Qual.” refers to the average quality of the reflecting signal. Rare or
uncertain forms are so designated, since the investigating author can
determine better than the reader the validity of a form. Uncertain forms
are indicated by a question mark, letters being used only for established
forms.

TABLE 1. PRESENTATION OF MORPHOLOGICAL DATA

Measured Weighted Calculated
Form No. No. Qual Range Mean Values
Xls. Times ’ ¢ p or ¢ p or ¢ p or
Other Angles  Other Angles  Other Angles
¢ 001 2 4 VL*  A*
m 110 4 8§ L B
w 011 4 4 M C
d 101 1 2 S D
p 111 4 12 VS E
* VL=Very Large A=LExcellent
L=Large B =Good
M=Medium C=Fair
S==Small D="Poor
VS=Very Small E=Bad

* Contribution from the Department of Mineralogy and Petrography, Harvard Uni
versity, No. 234,
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SYMMETRY

The preferred statement of the crystal class is that of Groth (modified
by A. F. Rogers, textbook, 1937), accompanied by the complete Her-
mann-Mauguin symbols. Corresponding Schoenflies symbols and Dana
(textbook, 1932) symmetry class numbers are listed in Table 2.

TaBLE 2, SYMMETRY CrASS NOTATION

Groth (Modified) Herman.n— Schoenflies
Mauguin

1. Pedial 32
Triclinic 2. Pinacoidal 31

3. Domatic m Cs 30
Monoclinic 4. Sphenoidal 2 C, 29

5. Prismatic é Cop 28

6. Rhombic-pyramidal m m 2 Cy, 26
Orthorhombic 7. Rhombic-disphenoidal 2 2 2 D, 27

8. Rhombic-dipyramidal % ;i« 7% Dy, 25

9. Tetragonal-disphenoidal 4 Sy 12

10. Tetragonal-pyramidal 4 Cy 9

11. Tetragonal-dipyramidal ;rlz Cun 8
Tetragonal 12. Tetragonal-scalenohedral i 2 m Dyg

13. Ditetragonal-pyramidal 4 m m Cu

14. Tetragonal-trapezohedral 4 2 2 Dy

15. Ditetragonal-dipyramidal :}i 3‘ 31 Dy, 6

16. Trigonal-pyramidal 3 Cs 24
Hexagonal 17. Rhombohedral 3 Cs; 22
P or R* 18. Ditrigonal-pyramidal 3 m Csy 21

19. Trigonal-trapezohedral 3 2 Ds 23

20. Hexagonal-scalenohedral 3 —3; Dy 20

* In the hexagonal system the lattice mode in classes 16-20 may be either primitive
hexagonal (P) or rhombohedral (R); in classes 21-27 only the primitive mode is possible.
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TABLE 2. Continued

. Hermann- . Dana
System Groth (Modified) Maugunin Schoenflies (1932)
Hexagonal 21. Trigonal-dipyramidal 6 Csn 19
P* 22. Hexagonal-pyramidal 6 o 16
23. Hexagonal-dipyramidal o Con 15
24. Ditrigonal-dipyramidal 6 m 2 Dy 18
25. Dihexagonal-pyramidal 6 m m Ce 14
26. Hexagonal trapezohedral 6 2 2 Ds 17
. . . 6 2 2
27. Dihexagonal-dipyramidal moom m Dy, 13
28. Tetartoidal T 5
29. Diploidal 2 3 T, 2
Isometric 30. Hextetrahedral i 3 m Taq 3
31. Gyroidal 4 3 2 (&)
32. Hexoctahedral 4 3 2 Ox 1
m m

ELEMENTS

The elements, in general, include the direct (linear) and reciprocal
(polar) axial ratios and interaxial angles plus the gnomonic projection
constants (when these differ from the polar values). The elements are
given relative to a chosen orientation of axes and unit parametral plane.
Orientation refers here to the relative position of the axes of a unique
elementary parallelopiped. The unit morphological cell is generally
chosen to conform to the structural cell when this is known. Otherwise,
the unit is chosen after a consideration of various rules such as Unge-
mach’s rule of total of indices, the law of Bravais, the generalized law of
Bravais proposed by Donnay and Harker, or, preferably, Donnay’s
morphological method of analysis used in conjunction with Peacock’s
harmonic-arithmetic rule. A consideration of these rules usually leads to a
morphological unit which conforms with that derived by x-ray study.
Exceptional treatments, however, are sometimes desirable when inter-
relation between species can be made clearer by an unconventional
treatment. Rarely, the x-ray unit involves a complication of the mor-
phological discussion. In such cases it is not retained.
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TABULATION OF FORMS AND ANGLES

The table of forms and angles following the elements should include all
of the common and less common forms, with letters and important angles
for each. Four categories of forms are recognized in the new edition of the
Dana System,; they are: common, less common, rare, and uncertain.
These are qualitative terms referring to the occurrence in each mineral
species.

Few general rules for the order of form listing can be given for all
crystal systems, since each possesses restrictive peculiarities. The general
order is: first, forms cutting but one crystal axis; second, those cutting
two axes; third, those cutting three axes. In the hexagonal system, with
four axes, a similar order is employed.

Tabulations will be found in the following pages for each crystal sys-
tem, giving the order in which all possible forms in each symmetry class
are listed. Complementary (or correlative) forms are grouped with their
holohedral equivalents and are listed in the same order as though holohe-
dral. In case the vertical axis is polar, the headings “lower” and “upper”
are used beneath the Hermann-Mauguin symmetry class symbol. Only
“upper” form indices are given, and an x in the “lower’” column indicates
that the form may occur as a “lower” one. In specific tabulations of the
forms of such crystals the same letter is given for the “lower’ as for the
“upper” form, but a minus sign is placed over it (¢ for example). If the
form is observed only as a “lower” one, its letter appears only in that
column, but the indices are always those of the upper merohedral equiva-
lent. Plus or minus signs before a form letter indicate the sign of phi of
the form. Prime marks () to the right or left of a form letter indicate
whether the form occurs to the right or left of some defined meridian. The
general order for plus and minus, right and left forms is: plus right (4-),
plus left ("+), minus left ('—), minus right (—").

The angles given in the table for the representative face of each form
include the azimuth phi (¢) and polar distance rho (p), angular coordi-
nates, as well as interfacial angles to two or more fundamental faces. The
angles given and their meanings will be shown in figures included in the
discussion of each system.

TRANSFORMATION FORMULAE

In the transformation of elements and indices from one set to another
(old to new) the transformation matrix is written in the linear form
(Barker, 1930): wwiwi/usvowe/usvsws, where (winonz),* (vimev3), and

* The usage of brackets followed here is:

( )=face symbol

{ }=form symbol

| ]=zone or axis symbol
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(wrwyws) are the indices, multiple if need be, in the new orientation of the
old axial planes (100), (010), and (001), respectively; and where [s1w1],
[#av2ws], and [usvswy] in the old orientation represent the new axial lengths
[100], [010], and [001], respectively.

To obtain such a formula, then, it is necessary to determine the new
indices of the old axial planes (100), (010), and (001) and to write them in
that order in vertical columns as shown below. It is further necessary to
determine the new indices of any general face (kl) or of a pair of special
faces of (4&0), (0kl), and (40l). This requirement arises from the fact that
it is impossible to determine from a projection whether the new indices of
the old axial planes are correct or are but the simplest expression of the
actual multiple indices of the plane, as is demonstrated later. Any face
symbol (kkl) in the old orientation may be transformed to the new
equivalent (#'k'l") by the formula w121101/ usvsws /usvsws as follows:

b =uh+vk+wl; B =wh+vk+wl; I = ush~+vsk+wil.

The following example will serve to indicate the procedure followed to
obtain a transformation formula.

Old Orientation New Orientation ...... ...... (1)
(100)= (101) = (es12t0145)
(010)= (010) = (v12505)
(001)= (011) = (wiz0mw3)
(121)= (103)

Writing the given relations in the linear form ww:/usvows/usvsws, we
obtain 100/011/101. This formula must be checked by transforming
(121) to obtain the new symbol. This is done graphically below:

1201 1 21 102 1o 0)
X X X X XX XXX
100/0711/10 1
14040 042+1  1+0+1
=1 =T =2

The new indices obtained are (112) instead of the correct (103), show-
ing the need of adjusting the terms of the formula. By a simple cut-and-
try process various multiple indices are substituted in the second column
of (1). When (011) of (1) is changed to (022), the other equivalences
remaining unchanged, the correct formula results.

Old New
(100) = (T01)
(010) = (010) or T00/012/102. ... ... e )
(001)=(022)

Transforming (121) as in (2) we now obtain (103) which validates formu-
la (3).
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As was indicated earlier, this type of formula not only facilitates the
transformation of indices, but it also permits the determination of the
new axial directions, lengths, and angles from their identity in the old
lattice. [#10yw1] [#a9aws), and [usvsws] in the old lattice orientation are the
new [100], [010], and [001], respectively. Thus, in the transformation
example just given we see that:}

0Old Orientation New Orientation. ... . 4)
[2201201] = [100] =[100}
[2492m205] = [012] =[010]
[5w3105] =[102] =[001]

Conventionally, the new interaxial angles are defined as follows:
New old
o’ =[010] A\[001]=[012] /\[102]
B’=[001] A[100]=[102] A[100]
+'=[100] A[010]=[T00] A[012]

The length, T, of any [#vw], in this case of [100], [012], or [102] in the
old lattice, is calculated as follows:

T2, w= a2+ b2+ 2w ~4-2bc cos a+2ca cos f+2ab cos v. (3

(a,b, ¢, a, B,y are the linear elements of the old lattice). If 7 is the angle
between the directions [#pw1] and [usv2ws] in the old lattice, the new
axial angles are computed by the general formula:

cos 7= |autte+ b0+ twiws+be(mwntHwin)cos a
4 ca(wyme ) cos B-+ab(uwatvits) cos v/ Tupow,” Tuyeywy « - . . (6)

For a more extended discussion of transformations see the following
works:

Lewis, W. J, 1899—Crystallography, 104.

Barker, T. V., 1930—Systematic Crystallography, 32-34.

Donnay, J. D. H., 1937—Am. Mineral., 22, 621-624

Peacock, M. A., 1937—Am. Mineral., 22, 588-620

Richmond, W. E., 1937—Am. Mineral., 22, 630-642.

Wolfe, C W., 1937—Am. Mineral., 22, 136-741.

International Tables, 1935—1, 73-76.

THE TRICLINIC SYSTEM

Elements. The elements in the triclinic system include: the linear axial
ratio a:b:c(b=1) and interaxialanglese, B, v ; the polar axial ratio po:go:70
(ro=1) and interaxial angles, u, »; and the gnomonic projection constants
po’5q0’ %o’ ,yo’. In the triclinic system the gnomonic projection values are
greater than the polar values, since 7o of the polar ratio, which is taken as
unity and normal to ¢ (001), is inclined to the center of the projection.

+ The sign = is read “equals after transformation ”
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The plane of projection of the polar elements thus drops an amount which
is a function of the rho value of ¢ (001). The gnomonic projection plane
A’B’C'D’" (Fig. 1) drops to the position ABCD of the polar elements,
both parallel to the equatorial plane. The position of ABCD is deter-

mined by the point of emergence on the sphere of projection of the nor-
mal to ¢ (001).

F16. 1. Relation of Gnomonic Projection Elements to Polar
Elements in the Triclinic System.

The linear interaxial angles «, 8, v are defined as follows:
a=[010] A\[001], =[001] A[100], v=[100] A[010]. . . )]

The polar axial angles \, u, » are the following interfacial angles:
A=(010) A(001), u=(001) A(100), »=(100) A(010). . . ... ()

The six angles are shown in stereographic projection (Fig. 2).

The projection constants used in calculations are shown in Figs. 4a and
4b, which differ only in the obliquity of ».

Calculation of V,. The first step in the determination of the elements
from two-circle goniometrical measurements is the calculation of Vy,
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the best average vertical circle goniometer reading for the normal to
(010), which is chosen as the zero meridian. When & (010) is well devel-
oped and reflects well, its » reading may be made V. The best value for

Fic. 2. Stereographic Projection of Linear and Polar Inter-
axial Angles in the Triclinic System.

V, is subtracted from the vertical circle reading of each face to obtain its
¢. If the resulting angle be greater than 180°, it is subtracted from 360°,
and the remainder constitutes a negative ¢.

V, may be obtained from the v readings of three or more (%k0) faces
according to the formula:

cot (Vo—12) =Qcot(vs—v1) —(1-Q)cot(wa—21) ... ... . ... 9

where: v, =vertical circle reading of (/nk:0);
7y=vertical circle reading of (2kx0);
v3=vertical circle reading of (/3%;0);

Vy is also calculated from measurements of various pairs of terminal
faces, each pair having the same %/] value, according to the following
formula:

sin 7, tan ps)—(sin #; tan p
Tan Vo= S b tan p)—(sin o tan ) e (10)
(cos vz tan p2) —(cos v, tan py)

where 1, py; %, p» are the angular readings of the two faces (Fig. 3). This
calculation is repeated for several pairs of such faces, and the results
averaged. Due attention must be given to the signs of the trigonometric
functions.
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Extended demonstrations and illustrations of the use of (9) and (10)
are given by C. Dreyer and V. Goldschmidt—>M eddelelser om Grgnland,

(cosvitan ,o,)—(cos wtanp,)

F16. 3. Gnomonic Projection to Illustrate Calculation of ¥, from the Angular
Readings of Two Terminal Forms with the same %/ value.

34,29-36 (1907); by L. Borgstrom and V. Goldschmidt—Zeifs. Kryst., 41,
75-78 (1905); and by A. L. Parsons—Am. Mineral., 5, 193-194, 198-203
(1920).

4b

F16. 4. Gnomonic Projection Constants in the Triclinic System with »
less than 90°00’ (4a) and greater than 90°00’ (4b).

Calculation of Projection Elements. The following formulae are useful
in the calculation of the projection elements py¢,q0’,%¢",30', from two-
circle goniometric measurements (see Fig. 4).



64 C. W. WOLFE

h
x’'=sin ¢ tan p=2xq +l—pé sinpfromFig. 4.......... ....... (11)
’ ’ k f h ! .
y'=cos ¢ tan p=1y, —l—qu —I—l—po cos v from Fig. 4... . ... (12)

If »/, %', ... x,/ are the ordinates and ', ¥, . . . ¥.' the abscissae of
the gnomonic poles (hikil), (hokalz), . . . (hukals), then:

_lllZ(xll —x1)

'sin y=———— 1 1)..... .. e e e 13
po’ sin v o™ (11) (13)
h
xo’=x’——lpé sin » from (11) ........ e (14)
Pﬂl cos Vzlllz(yf —yé )(kzl3—kalz)'—l2l3(yzl —3'3, )k1l2—k2l1. o .(15)
(Fado— hala) (Rals— Fsla) — (hials — hisla) (kula— kali)
; Ih— Inle) +lla(yl — s
g Pecos h =l LB =) g gy (16)
Fala—koly
‘. E, &,
Yo =y =40 ——l—po cospfrom (12). ... ....cvevinevnnn. 17
! .
tan v=17(; O (18)
Po cos v
’ _;bol sin v_pcf cos v 19)

sin » cos v
Relation of Projection Elements to Polar Elements. ¢, and po are the azi-

muth and the polar distance of ¢ (001), the rectangular coordinates of which
are x¢’ and yo’ (Fig. 5).

F1c. 5. Angular and Rectangular Coordinates of ¢ (001)
in the Triclinic System.

14

tan ¢0=fﬁr fromFig. 5. ... .(20)
Yo
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_ from Figs. 1 and 5
Yo

(projection values are primed, and po]ar values are unprimed)

tan py= xgl - from Fig. 5.. FR (21)
sin ¢0 cos ¢g

sin po:sinx;():cos ;0 from Fig. 1. . .. ..... ~2)
xo=sin pg sin ¢g .... P (23)
Yo=8IN pg COS pg ..., .. L (24
po=pg cos pgfrom Fig. 1 .. .. A .. (25)
go=qd cos po from Fig. 1.. ... L (26)
cos A=y from Fig. 2... . ... ... ... ... 27)
COS u=14yo COS »+uxo sin » from Fig. 2 . .... .. .. .(28)

The linear and polar elements are related as follows:

sine sin@ siny sin\ sing sin v

a:b(=1):¢ 'T.—.—::—:——: ........ (29)

!
‘;" from (25), (26), (29). . @)
0
A
Wﬂ_ from (26) and (29). . ......... ... @1)
sin u
= an %from (29)... S . L (32
asin v
0=l rom oy, . . ...(33)
Y

The relationship between the polar angles \, u, » and the linear angles
a, B, v is as follows
( _)\+H+V).
g= 2 .

) it in (o —)
sin — = 4/ ——Sl‘nff o (.,, ) from Fig. 2. .. . .(34)
2 sin u sin »

B /‘/Sln osin (e—u)
sin » sin A

T 1/SlIltrSln (e —v)
sin DIk Ammrrewrrms

sin A sin g

To obtain N, u, » from «, B, v, substitute the latter for the former,
respectively, in (34).

Order of Form Listing. The following order of listing (Table 3) is used
in the triclinic system. The letters c, b, a, m, M are reserved for the faces
(001), (010), (100), (110), 110), respectively.



C. W. WOLFE

TABLE 3. ORDER OF FORM LISTING IN THE TRICLINIC SYSTEM

Class 1
Lower Upper
¢ 001 001
b 010 010
—b 010
a 100 100
—a 100
d kRO kEO in order of increasing -
—d kO
I .k
D kRO kk0 in order of decreasing n
—~D  hkO
w w Okl 0%/ in order of increasing T
. . .k
w W Okl 0kl in order of increasing 7
e e kOl 70! in order of increasing -
I . k
E E KOl k0! in order of increasing T
x*  hhl kil in order of increasing 7
- 5 . h
x  hhl khl in order of increasing 7
T . .k
x kil hhl in order of increasing n
- . .k
%  hhl hhl in order of increasing 7
h
x  hkl
x ki
x  hkl
x bkl

* x indicates possible occurrence of form.



CRYSTALLOGRAPHIC PROCEDURES 67

Triclinic Angles. The angles given in triclinic tables are: ¢, p, 4, B, C.
Figure 6 is a stereographic projection showing these angles.

aliQo

Fi1G. 6. Stereographic Projection of Angles Given for
Forms in the Triclinic System.

L
, Xo +7P0 sin v
x
tan pnp=—= 5 B from Fig. 4 ... . .. (3%
¥0 +*l—qé —I-Tpé cos »

’ !

tan Phkl=i"‘= from Fig. 4and (35) ................ (36)

sing cos ¢
The angles 4, B, C, are the angles which the face makes with a (100), b
(010), ¢ (001), respectively. These angles are calculated by means of the
general formula for the interfacial angle A:
cos A=c0s p; COS paFsin py sin p2 €os (Pa—1). ... ... ... 37
where ¢1, p1 and ¢, ps are the angular coordinates of the two faces. For
the specific cases of the calculations of the angles 4, B, C, formula (37)
becomes:

cos A =sin purr cos (proo— duer) - . . Co (38)
cos B=sin ppi OS iz . . . . (39)
cos C=coS purz €OS po+sin pu sin po €05 (Go— drrr) (40)

A graphical check is always made to avoid gross errors. The only source
of error in the determination of ¢ and p is the calculation of the " and v’
coordinates. These may be checked satisfactorily on a gnomonic pro-
jection with a unit circle radius of 10 cm., using the projection constants
for plotting the faces. The interfacial angles 4, B, C, are checked on a
stereographic net (20 cm. radius), using the calculated ¢ and p values for
plotting the faces. This check is accurate to = 15 minutes.
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THE MONOCLINIC SYSTEM

Elements. The elements here consist of: the linear axial ratio, a:bd:¢c
(6=1), and the axial angle 8 between the positive ends of the ¢ and a

Cl
c

F16. 7. Relation of Gnomonic Projection Elements to Polar
Elements in the Monoclinic System.

axes; the polar ratio, pe:qeire (ro=1), and the reciprocal axial angle u
(the supplement of 8); the polar ratio r2:p21¢2 (¢2=1), obtained when b
(010) is set in polar position, and the phi of @ (100) is 0°00’; the projection
constants p¢, o', %o’ (see Fig. 8).

In the monoclinic system, as in the triclinic, the projection elements do
not coincide with the polar elements. For ro=1 the gnomonic plane
A'B’C'D’ (Fig. 7) must drop to the position of ABCD, the amount of
that drop being a function of the p angle of ¢ (001}, (po).

Once the poles of measured faces have been plotted on the gnomonic
projection and the correct gnomonic net drawn, the following convention
is observed: c<a (b is fixed by symmetry). If the lattice is primitive, the
base is the node of the gnomonic net closest to the center of projection;
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this yields the least anorthism of the axes. If the lattice is centered, the
base is usually chosen in such a manner that the lattice is base-centered,
whether or not this makes ¢<a.

Fic. 8. Gnomonic Projection Constants in the Monoclinic
System, Conventional Orientation.

Calculation of Projection Elements. The ¢ and p angles of the various
faces are obtained from measurements. From Fig. 8 are derived the fol-
lowing:

oé’=x6 —I-%pé =sin ¢ tan p (Fig. 8)........ .. ...... (41)

If #; and x; are the &’ coordinates of faces (hkil) and (hokals), then:
’ _lll2(xl’ —xé)

O Ol OMAD L @)

h
x4 =x’—l—-p$ (from41)..... ........... .......... (43)

k
y’=7q$ =cosotan p (Fig. 8).......... ........... 44)
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ll
g =%(from44) . (45)
cotp=xf... . . .. . . e .(46)
tan po=x4. . .. . e e e e i “n

Calculation of Polar Elements. The polar elements are related to the
projection elements as follows:

Po= P4 cOs po=ps sin u (Fig. 7) . A .. (48)

qo=qs cos po=q¢ sinu (Fig. 7). . ... o 49)

1’0=1.. .- . G e (50)
1 1

rp=—=—— . .. e .. . (5D
qo o S p

!

p=tt L (52)
do Qo

g=1. (53)

Calculation of Linear Elements. The linear elementsarerelated as follows
to the polar and projection elements:

a=—2 T (from 29) (54)
posinpu  Po sinu

c= .qo =g (from 29). . .(55)
sin u

8=180°—u . . . . R (56)

The derivation of the elements of a monoclinic mineral from measure-
ments made with the b-axis vertical is as follows.

Vo may be obtained as in (9) and (10). If, however, the quality of
either ¢ (001) or a (100) is sufficiently good, the vertical circle reading of
one of them may be taken as V. The ¢» readings for all of the faces are
obtained by subtracting V, from their vertical circle readings (see Pea-
cock—Am. Jour. Sci., 28, 241-254, for meaning of subscript ;). Ordinarily,
the elements are calculated with the azimuth ¢, of (100) =0°00" (Fig. 9),
and the angles are given accordingly; but they may be calculated as
readily when the azimuth of (001)=0°00". Two sets of similar formulae
are given below for these two cases. Using the measured ¢» and p; values,
the x and y coordinates of each face in this orientation are obtained by
(11) and (12). In the formulae below x and x, are the ordinates and
31 ¥ are the abscissae of any two gnomonic poles (hkily) (hokals). Indices
obtained from the gnomonic plot in this orientation are listed in the
sequence of the intercepts of the gnomonic pole on the polar axes ps,
g2=1, and 7y, clearing fractions where necessary. Thus, these indices are
identical with those obtained for the same face in the normal position
where 7o=1.
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p,=000

F1c. 9. Gnomonic Projection Constants in the Monoclinic
System with b-axis vertical.

where ¢y of a (100)=0°00" where ¢ of ¢ (001)=0°00"
k —koh Faloxr— kol
tan “=‘_h’zxi_2_1x2_ .57 tan”:Ju. .. (60)
k1hay1—kzh1yz kllzyl_kzlly2
kx ky kx
= . . (58 = . 61
72 Isinp (58) i ! ltangu b
ky kx kx
by=—— o 59 = .(62
"k htanu (9) " i sin u (©2)
1 1
a=———) c=—— (63)
P2sIn p ¥2 SIN M
. 1 .
P2 = y %9 =cot p (64)

=) Qo T
75 8in u 7o 5in U

Order of Form Listing. The order of listing in the monoclinic system is
shown in Table 4. The letters ¢, b, a, m are conventionally used for (001),
(010), (100), (110), respectively.

Monoclinic Angles. The angles given in the monoclinic system are
®, p, ¢o, ;2=B, C, A (Fig. 10). ¢» and p, are the phi and rho values ob-
tained when 5(010) is set in polar position and the azimuth of ¢(100) is
0°00’ (in this position the r2: ps:g» polar ratio is obtained). C and A4 repre-
sent the angles which a face makes with ¢(001) and a(100), respectively,
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F16. 10. Stereographic Projection of Angles Given in
the Monoclinic System.

tan ¢=—x,(from Fig. 8)....... ... L.
y

xl yl
tan p=-;
sin¢ cos ¢

cot ¢2=2x"=sin ¢ tan p from (41), Fig. 9, Fig. 10. .
cos p2=cos B =sin p cos ¢ from Fig. 9, Fig. 10 ..
cos C=sin (¢2+po) sin B from Fig. 10. .. ..

cos 4 =sin p sin ¢ from Fig. 10....... ... .

(from Fig. 8)...........

TasBLE 4. ORDER OF ForM LISTING IN THE MONOCLINIC SYSTEM

Upper

¢ 001 001 001

b 010 010 010

-5 010

a 100 100
—a 100

k kRO k' RO kk0 in order of increasing phi
-k hkO 'k hkO

w Okl w! Okl Okl in order of increasing rho

"w Okl



Class

Lower Upper

x a kol
D ROl

q hi

Q kil

Lkl
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TABLE 4. Continued

hol

hOl

hhl

hhl

r  hkl
'r Rkl

2

m

h0l in order of increasing 7

- . .k

#0! in order of increasing 7

khlin order of increasing —

S . . h

kil in order of increasing 7

Rkl in order of increasing 7; in groups of equal
B, . .k
Nk list in order of increasing T

hkl same as for hkl

THE ORTHORHOMBIC SYSTEM

Elements. The elements in the orthorhombic system include: the axial
ratio a¢:b:¢ (b=1) (with the convention usually adopted that ¢<e<?b);
the polar ratio po:go:7e (ro=1); the polar ratio gi:r:: p1 (p1=1); the polar
ratio 751 pyiqs (ge=1) (See Peacock—Am. Jour. Sci., 28, 241-254 [1934].
See, also, Fig. 11). Cyclic permutations of the polar ratio are given be-
cause an orthorhombic crystal may be measured with any one of the
three axes vertical, and the ensuing gnomonic plot would change accord-

ingly.

F16. 11. Gnomonic Projections of Cyclic Permutations of Polar Elements in
the Orthorhombic System (Polar Elements of Cannizzarite).
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Calculation of Elements. The angular measurements, ¢ and p, are related
to the linear and polar elements as follows:

k cot
a=L 2O pi 11). 1)
Po
Isi t.
0=_Ln}:ﬁ__a_ri (Fig. 11). o (72)
! t.
q0=a=_°_°szﬂ (Fig. 11). ...... (13)

Order of Form Listing. The order of listing in Table § is followed in the
orthorhombic system. The letters ¢, &, @, m, are reserved for the faces
(001), (010), (100), (110), respectively. The 90° meridian defines right
and left forms (Fig. 12).

TABLE 5. ORDER 0F FORM LISTING IN THE ORTHORHOMBIC SYSTEM

Class m m 2 2 2 2
2 2 2
Upper m m  m
¢ 001 001 001
b 010 010 010
a 100 100 100
h
k kRO hkQ kk0 in order of increasing -
w Okl Okl 0kl in order of increasing T
d kol hol k0! in order of increasing T

h
q hhi q ki hhl in order of increasing 7
‘g hhl

h k
r  hkl v’ hkl hkl in order of increasing —l; in groups of equal —l—y

'r hkl s - .
list in order of increasing 7
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Orthorhombic Angles. Six angles for each form are given in the ortho-
rhombic system. These are: ¢ and p in the conventional orientation
(c<a<b); ¢1 and py=4, with ¢(100) in polar position and the phi of
¢(001) equal to 0°00'; and ¢; and py =B, with 5(010) in polar position and

$=-00°00’

¥16. 12. Stereographic Projection Showing Form Designation
and Angles in the Orthorhombic System.

the phi of a(100) equal to 0°00" (see Fig. 12). Not only do these angles
give important interfacial angles, but they also provide a ready check on
measured angles regardless of which axis is made vertical.

tan ¢=% from Fig. 11 e - LY
tan p=C }S’h‘l’ °¢=l foqs°¢ from Fig. 11 (75)
tan g ‘2’“’ from Fig. 12 .(76)
cos pr=cos 4 =sin p sin ¢ from Fig. 12. N (1))
cot ¢o= hpo from Fig. 12. . .. . . .. (78)
cos pz=cos B=sin p cos ¢ from Fig. 12 . .. (79

TETRAGONAL SYSTEM

Elements. The elements in this system include the linear ratio, a:c¢
(e=1), and the polar ratio py:7, (ro=1). In this case ¢ and po are equal
and may be obtained from the ¢ and p readings of the various types of
forms as follows:
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It
from (OB) or (BOL) c= po=— -t .(80)
I tan p sin 45°
from (hkl) c= pFﬂ”;m—. . .81

ltan psi It
from (ikl) o= pom DRSNS _ [tanpcosd (82)

h k

Order of Form Listing. Table 6 shows the order in the tetragonal system.
The letters ¢, @, m, are reserved for the faces (001), (010), (110), respec-
tively. The plus 45° and minus 45° meridians define right and left forms
(Fig. 13).

TABLE 6. ORDER OF FORM LISTING IN THE TETRAGONAL SYSTEM

4 2 2
Class 4 42 2!__._
mom m
¢ 001 001 | 001 001 =« 001 001 | 001
a 010 010 | 010 o010 010 010 | 010
m 110 110 { 110 110 110 110 | 110
d hkO hkO hkO kO kO }k0 in order of increasing z
—d hkO hkQ RO
. . . .k
' Okl Okl Okl 0k! in order of increasing T
't kOL
o hhi hhi kil khl in order of increasing 7
—o hhl hhi
7 hkl bkl kklin order of increasing e
. ko
khi khl in groups of equal E list
hkl E

kil in order of increasing 7
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Tetragonal Angles. The angles given in the tetragonal system are:
¢; p; A, the angle to a(100); M, the angle to —m(110), given for plus
forms only; M, the angle to m(110), given for minus forms only. These

Fi1c. 13. Stereographic Projection Showing Form Designation
and Angles in the Tetragonal System.

yield useful interfacial angles as is seen in Fig. 13. The formulae for cal-
culation of these angles are:

h
tan ¢=;fromFig. 3. .... .. . L U (83)

I k
tanpm —20 o P o Fig 13 . (84)
Ising [cos ¢

cos A =sin p sin ¢, supplement is obtained when ¢ is negative, that is,

for {hkl} and {khl} forms... . ... . . . . .. (85)
cos M =sin p cos (45°+¢); supplement is obtained when form symbol is {kkl} .. (86)
cos M=sin p cos (45°—¢); supplement is obtained when form symbol is {kAl}... . (87)

Since ¢ is a constant for each /4/k value in the tetragonal system, the
following table of ¢ angles is given with variations in % and & from 1 to 11.
The angles are given according to increasing magnitude to facilitate
rapid comparison with measured values. The same angles are valid in
the isometric system.



78 C. W. WOLFE

TABLE 7. PHI ANGLES IN THE TETRAGONAL SYSTEM

hik I hk é hik ¢
1:11— 5°11°40” 4:11—19°58'59" 7:10—34°59'31"
1:10— 542 38 3: 8203322 5: 7—35 3216
1: 9— 62025 2: 5—21 4805 8:11—36 01 39
1: 8— 70730 3: 7—23 1155 3: 4—36 5212
1: 7— 80748 4: 9—23 5743 7: 9—37 52 30
11 6— 92744 5:11—24 26 38 4: 5—38 39 35
2:11—10 18 17 1: 2—26 33 54 9:11—39 17 22
1: 5—11 18 36 6:11—28 36 38 5: 6—39 48 20
2: 9—12 31 44 5: 9—290317 6: 7—40 36 05
1: 4—14 0210 4: 7—29 44 42 7: 8—411109
3:11—15 1518 3: 5—30 57 50 8: 9—41 37 37
2: 7—15 56 44 5: 8-320019 9:10—41 59 14
3:10—16 41 57 7:11—32 28 16 10:11—42 16 25
1: 3—18 2606 2: 3—33 4124 1: 1—45 0000

HEXAGONAL SYSTEM
Introduction. The hexagonal system has caused considerable difficulty,
principally due to the introduction of the so-called G. position of V.
Goldschmidt. The G; position is, however, without ambiguity, as has
been pointed out by Peacock (Am. Mineral., 23, 314-328, 1938) if certain
changes of the polar axes and prime meridian of Goldschmidt are made.
In Goldschmidt’s works the G position is sometimes the only one used.
It is important, therefore that the transformation from the G, Bravais
symbol to the G Bravais symbol be given. It is as follows:
h k i {
12,00
33 3 3
where 7 equals (h+k).
Elements. The elements of the hexagonal system include the axial
ratio, a:c (a=1), and the polar ratio, po:7o (ro=1). Some of the more im-
portant mathematical relations here involved are as follows:

po=tangent p (1011) . .. .. (89)

00/ ¢ /000L.... . (88)

¢ =%\/§ =tangent p (1122) 90)

The elements p, or ¢ may be obtained from the ¢ and p angles of faces
intersecting three axes or more, one of which must be the c-axis, by the
following formulae:
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ltan p _l\/3 tan p

from (KOhl) or its equivalents, po= P " .(91)
. ! tan p I tan p
from (hh 2h1 ivalent = e N2 e SN 92
rom { ) or equivalents, po ek ¢ i (92)
It I3t
from (kkil) or equivalents, po= e . V'3 tan 4 .. (93)

N Ry RN T = VRN TEN

Form Symbols. The four-index Bravais symbols are used throughout.
When the lattice mode is rhombohedral, Millerian three index symbols
are also given. Bravais kil symbols may be transformed to Millerian
kkl symbols by the use of the following formula:

. } 1 11 /T 1 1 T 11
Bravais to Miller: — 0 — — /— — 0 — /0 — (94)
3 33/ 3 3 3 3 3 3
The reverse transformation is as follows:
MillertoBravais: 1 T0/011/TI01/111............. 95)

Indexing of Forms. In the indexing of forms in the hexagonal system,
two coordinate axes, P, and P, (Fig. 14), are used which are normal to
(1010) and (0110), respectively (see also Fig. 15). The positive unit

F1c. 14. Determination of Bravais Form Indices from the
Gnomonic Projection in the Hexagonal System.

lengths along these coordinate axes extend from the center of projection
to the gnomonic poles of (1011) and (0111). The Bravais indices (kkil)

are found as follows:
h= P, coordinate

k=P, coordinate
i=(h+k)
=1

(clearing fractions, if necessary)
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In figure 14 the faces for which P, and P; coordinates are given receive
the following indices:

11 /1 2 3 )
=( ————— 1)=(1234)

42 \4 112

11 11 5
__=<_._ﬂ.T1 =(1122)
2 2 2 2

31 31

31 _._-I~1)=<3114)
4 4 4 4

Order of Form Listing. The order of listing in the hexagonal system is
given in Tables 7a, 75, and 8. Table 7a includes those symmetry classes
in which the lattice mode is necessarily primitive hexagonal (P). Table
7b is the order of listing for the remaining classes if their lattice mode is
primitive hexagonal. If, however, the lattice mode is thombohedral (R),
the order of listing for these same classes is given in Table 8. The division

hk kh

F1c. 15. Stereographic Projection Showing Form Designation
and Angles in the Hexagonal System.

into three tables is necessary since certain forms which are complemen-
tary (or correlative) merohedral forms in the primitive lattice mode are
actually holohedral in the rhombohedral lattice mode. For example,
Ohhl forms must be listed with their complementary %0kl forms if the
lattice is primitive; but they are listed separately if the lattice is rhombo-
hedral. The letters ¢, m, a are reserved for the faces (0001), (1010),

(1120), respectively. The plus and minus 30° meridians define right and
left forms (Fig. 15).
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TaBLE 7¢. ORDER OF ForMm LisTiNG IN CLASSES WITH LATTICE
MobpE UnNtQuELYy HExAGONAL—P

_ 6 |_ 6 6 2 2
Class 6 ‘6m2' " ]6 2
Upper m | [Lower Upper | m m
¢ 0001 x x x x x x x x
m 1010 x x x x x %
—m 0110 x
e’ 1120 x x (E>h>k)
‘e 2110
7" hki0 x in order of increasing 7
5 ikhO
-5 khi0
—ji" kih0
q hOWl x in order of increasing 7;
—q Ohhl
- . . .k
e’ hh 2h 1 % in order of increasing T
‘e 2hhh
s’ hkil x x ¥ in order of increasing - H
s ikhl % x . ; | b
ual —,
—'s Bl in groups of eq 2
—s' kikl list in order of increasing
k
l
TaBLE 7b. ORDER OF ForM LisTiNG 1N CLASSES WITH LATTICE
Mobe Not UNIQUELY HEXAGONAL—P
Class 3 3 m 2
32 3—
Lower  Upper Lower Upper m
x ¢ 0001 x % x
m 1010 x %
—m 0110
a’ 1120 x

‘a 2110 (E>h>k)
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TABLE 7b. Continued

Class 3 3m 3 2
Lower  Upper :;r Upper m
i kRO x x in order of increasing N
5 kRO x x
—'5  khi0 x x
—i" kihO x
g  hOK x x x x x in order of increasing 7
Q Ohhl x % x x x
¢ hh2h1 x x x x x same as for 0kl
‘e  2mkhl % x x
. .k
x hkil x x in order of increasing —k—;
. . h
x s ikhl x in groups of equal 0
—'s  khil x list in order of increasing 7
—s' kil

TaBLE 8. ORDER OF FORM LISTING IN CLASSES WITH LATTICE
Mopke Not UniQueLy HExAGONAL—R

Class 3 \ 3 2
Lower Upper | m
x ¢ 0001 x x x x x
m 1010 x x x x
—m 01T0 X
a’ 1120 x x x x
'a 2170 x (E>h>k)
7' HRiO x x x in order of increasing =
5 ikhO x
-5 kMO x
—j" kikO x

h
WOkl x % in order of increasing 7
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TABLE 8. Continued

Class 3 ‘ 3 | 3m ’ s |3
Lower Upper ‘ ILower Upperl m
Q Okhl x x same as for 10kl
e hh x x same as for 40kl
‘e 2k
s hkil x in order of increasing ;;
7 . h
s ikhl in groups of equal w

.k
list in order of increasing 7

x same as for kkil

Hexagonal System Angles. The angles given in the hexagonal system
are: (Fig. 15) the azimuth angle ¢ with ¢ of (1120) 0°00’; the polar angle
p, equal to the interfacial angle to ¢ (0001); M, the interfacial angle to
(1100), given for crystals of the primitive mode only; A4;, the interfacial
angle to (2110), given for crystals of the rhombohedral mode only; and
As, the interfacial angle to (1210). The following formulae are useful
in calculating these angles.

h—k 1 -k
t. = —= top=—"-4/3. . .....(96
an ¢ Wk 3 or cot ¢ P V4 (96)
- _ Dok
for (40kl) and (0kkl) tan p=T ....... L 9D
. /3
for (h 2% I) tan p=%

for (hkil) tan p=?\/h2+k2—l—hk
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TABLE 9. CALCULATION OF INTERFACIAL ANGLES IN THE HEXAGONAL SysTeEM (Fic 13)

Form Ay Ay
3
hOhl cos M=Sm P cos Al=\L2 sin p 90°00”
i 3
Okl cos(180°— M) =S—”2’—” 90°00" cos A2=V—2 sin p
Wh2R1 90°00/ cos /11=s”21 . cos Ay="t
3 sin

2 hh cos M=i2— sin p 4:=90°00"—p cos(180°—42) =~ ?
hkil cos M =sin psin ¢ cos A1=sin p cos(60°—¢) cos A2=sin p cos(60°+¢)
ikhl cos M =sin p cos (30°+¢)  cos Ay==sin p cos ¢ cos(180°— A45)

=sin p cos(60°+¢)
khil cos(180°—M)=sin p sin ¢ cos A1=sin p cos(60°+¢ cos As=sin p cos(60°—¢)
kil cos(180°— M) cos(180°— A1) cos A»=sin p cos ¢
=sin p cos(30°+¢) =sin p-cos(60°+¢)

The letter ¢ in the above table always refers to the plus right position of the form.

Since ¢ is a constant for each %/% value in the hexagonal system, the
following table of ¢ angles is given with variations in % and % from 1 to 11.
The angles are given according to increasing magnitude to facilitate
rapid comparison with measured values.

TaBLE 10 PuI ANGLES IN THE HEXAGONAL SYSTEM

hik hik
1: 1—0°00'00" 3:2— 6°35'12” 3:1—16°06'08"
11:10—1 34 29 11:7— 7 1840 10:3—17 16 10
10: 9—1 4426 8:5— 73521 7:2—17 4701
9: 8—1 5642 5:3— 81248 11:3—18 15 30
8: 7—21215 7:4— 8 56 54 4:1—19 06 24
7: 6—2 3235 9:5— 92201 9:2—20 10 25
6: 5—300106 11:6— 9 38 15 5:1—21 03 06
11: 9—3 18 16 2:1—10 33 36 11:2—21 47 12
5: 4—3 40 14 11:5—12 12 59 6:1—22 24 23
7—4 07 40 9:4—12 31 11 7:1—23 2448
3—4 4254 7:3—13 00 14 8:1—24 10 57
8—5 1231 5:2—13 5352 9:1—24 47 29
5—5 2947 8:3—14 42 17 10:1—25 1706

7—54903 11:4—15 04 45 11:1-25 41 36



CRYSTALLOGRAPHIC PROCEDURES 85

Special Relations in Rhombohedral Lattices. In crystals with a rhombo-
hedral lattice mode there are generally given, in addition to the regular
hexagonal elements, the following constants:

@, the absolute length of the rhombohedral edge, derived from x-ray measurements.
«, the interaxial angle of the direct rhombohedral lattice.

), the interaxial angle of the reciprocal rhombohedral lattice.

F1G. 16. Stereographic projection of Linear and Polar Interaxial
Angles in the Rhombohedral Lattice Mode.

Some formulae relating the hexagonal and rhombohedral lattice modes
follow (Fig. 16). If:
ao=absolute length along a-axis of hexagonal lattice
co=absolute length along c-axis of hexagonal lattice
p1=p of (1011)=(0001) A (1011)
p2=p of (0112)=(0001) A (0112)

Then:
A V3 -
sin_=!_sinp1=\/35mpz . i (98)
2 2
a J 3
o
R e (101)

_ Qo _ 3
2 2am 24/3a -+ 21/3+(f_)2
a

T
= VBTG o (10)
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.(103)

Volume rhombohedral cell=

ab cov/3 (104)
6

ISsOMETRIC SYSTEM

Elements and angle tables are not given for isometric minerals, since
the same angular relations hold for all. Angles for commonly found iso-
metric forms are listed in Table 11. The meaning of the angles given is
shown in Fig. 17.

$=0"00

Frc. 17. Stereographic Projection Showing Form Designation
and Angles in the Isometric System.

¢ =azimuth angle measured from (010), zero meridian
p=Az=interfacial angle with (001)
Ay=interfacial angle with (100)
As=interfacial angle with (010)
D=interfacial angle with (011)
O=interfacial angle with (111)

Forms for which the same letters are used in all species are given letters
in Table 11. In order that there may be sufficient remaining letters to
designate the form assemblage of any one species, no convention has
been adopted for the lettering of other forms.



Form

a 001
a 011
0 111

0-1-15
0-1-10
018

017
016
015

029
014
072

0 3-10
7 013
% 025

037
049
012

059
047
035

023
057
034

045
078
1-1-12

1-1-11
1-1-10
119

118
117
116
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TaBLE 11. IsoMETRIC ANGLE TABLE

@

0°00’
45 00

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
0 00
45 00

45 00
45 00
45 00

45 00
45 00
45 00

p=A3

0°00’
45 00
54 44

349
5423
707%

808
9273
11 183

12 311
14 02
15 56%

16 42
18 26
21 48

2312
23 57%
26 33

29 033
29 443
30 58

33 413
35 323
36 52

38 393
41 11
6 433

7193
8 03
8 56

10 013
11 25%
13 16

A

90°00’
90 00
54 44

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
90 00

90 00
90 00
85 15

84 493
84 19
83 42

82 56
81 57
80 40

Az

90°00’
45 00
54 44

86 11
84 173
82 523

81 52
80 323
78 413

77 283
75 58
74 03%

7318
71 34
68 12

66 48
66 023
63 27

60 563
60 153

5902

56 183
54 273
53 08

51 20%
48 49
85 15

84 493
84 19
83 42

82 56
81 57
80 40

45°00/
000
3516

41 11
39 173
37 523

36 52
35 323
33 413

32 285
30 58
29 033

28 18
26 34
23 12

21 48
21 023
18 27

15 563
15 153
14 02

11 183
9273
808

6 203
349
40 28

41 143
39 38
39 053

38 26
37 37
36 35

54°44/
35 16
000

5205
50 483
49 523

49 13
48 22
47 12%

46 273
45 333
44 273

44 02
43 053
41 22

40 42
40 21
39 144

38 163
38 013
37 37

36 48%
36 21
36 04

35 45%
35 263
48 003

47 24%
46 41
45 48

44 42%
43 183
41 28

87
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Form

115
114
227

113
338
225

337
112
447

335
223
334

556
188
177

166
155
144

271
133
255

122
355
233

344
455
1-6-12

—_
S v Oy
—
(=

179
128
138

¢

45°00"
45 00
45 00

45 00
45 00
45 00

45 00
45 00
45 00

45 00
45 00
45 00

4500
7073
808

9273
11 183
14 02

15 563
18 26
21 48

26 34
30 58
33 413

36 52
38 393
9 271

9 273
11 184
9 273

808
26 34
18 26
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Tasie 11. Continued

p=4s

15°47%
19 283
22 00

25 143
27 563
29 30

3113
3516
38 563

40 19
4319
46 41

49 41
45 131
45 171

45 231
45 332
45 52

46 073
46 303
47 075

48 111
49 23
50 143

51 203
5201
26 53

28 561
27 01
31 181

38 093
15 37
21 34

Ay

78°54%’
76 22
74 38%

7227
70 39
69 373

68 33
65 543
63 363

62 46}
60 59
59 023

57 223
84 56
84 14

83 163
81 57
79 38%

78 341
76 44
74 123

70 313
67 003
64 453

62 033
60 30
85 44

85 26
84 533
85 06

84 593
83 05
83 193

A

78°541/
76 22
74 383

72 27
70 39
69 37%

68 33
65 543
63 363

62 463
60 59
59 023

57 221
45 133
45 171

45 233
45 333
45 52

46 073
46 303
47 071

48 11%
49 23
50 143

51 20%
5201
63 31

61 293
63 33
59 093

52 17%
76 04
69 353

35°16'
33 333
32 33

3129
30 48
30 30

30 15
30 00
30 12

30 23
30 58
31 541

32 593
504
546

6 433
8 03
10 013

11 25%
13 16
15 473

19 281
22 591
25 141

27 563
29 30
18 54%

17 00%
19 063
14 51

8§ 42
31 39
2517

38°563"
35 153
32 44

29 295
26 47%
25 14

23 31
19 28
15 473

14 25
11 25
803

503
30 12
29 30

28 323
27 13
25 141

23 503
22 00
19 28%

15 47%
12 163
10 013

7 193
546
35 223

34 14
34 37
33 01

30 573
40 08
36 21



Form

148
158
127

137
157
2-3-12

156
2-5-11
125

135
145
239

249
269
238

124
134
351

237
247
3-4-10

3510
3-7-10
236

123
358
235

458
346
234

345
578
456
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14°02'
11 183
26 34

18 26
11 183
33 411

11 181
21 48
26 34

18 26
14 02
33 4131

26 34
18 26
33 414

26 34
18 26
30 58

33 413
26 34
36 52

30 58
23 12
33 411

26 34
30 58
33 413

38 391
36 52
33 413

36 52
35 323
38 391

TasLE 11. Continued

P=A3

27°1¢
32 31
17 43

24 183
36 04
16 433

40 21%
26 05
24 053

32 18%
39 303
21 50

26 25%
35 06
24 15%

29 123
38 193
27 55%

27 15
32 343
26 34

30 15
37 173
3100

36 42
36 05
35473

38 401
39 481
42 02

45 00
47 043

46 47%

A1

83°37"
83 57
82 103

82 31
83 22
80 49

82 42
80 36
79 29

80 16
81 073
78 05%

78 313
79 313
76 493

77 23}
78 413
76 033

75 17
76 04
74 26

74 59
76 111
73 24

74 30
72 213
71 04

67 01%
67 241
68 12

64 54
64 483
62 541

4.

63°363"
58 11%
74 12%

67 003
54 44
76 09

50 35
65 543
68 35

59 32
51 53
71 583

66 33
56 563
70 003

64 07%
53 573
66 193

67 363
61 13
69 02

64 241
56 091
64 374

57 413
59 40
60 525

60 475
59 113
56 08%

5533
53 253
55 18%

D

19°28%
14 183
30 00

22 593
11 32
3210

8 57
22 31
2521

17 01}
10 54
28 56

23 503
15 22
27 343

22 123
13 54
24 40

26 06
20 33
27 413

23 37
17 00
24 37

19 061
21 47
23 243

2612
25 07%
23 12

25 503
25 273
27 333%

339293
31 345
38 13

34 133
29 36
38 26

28 22%
3137
32 35%

28 333
27 01
33 31

30 29%
26 503
3112

28 073
25 04
28 133

28 22%
25 22
28 37

26 08
23 163
24 52

22 12%
21 04
20 31

16 42
16 033
15 133

11 333
10 36
9 193
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The order of form listing is given in Table 12 for the five isometric
symmetry classes.
Calculation of Angles. The angles in Table 11 are calculated as follows:

k

tan ¢=—k— (see Table 7). . . B, (105)

k k
t = = . 106
e lsin ¢ [cos ¢ (106)
cos Ay=sln psing. . . . . . L (107)
cos Ay=sinpcose.... . . .. . (108)

2

cos D=\/T(cos p+sinpcose).. .. . (109)
cos O=cos p cos 54°44"+sin p sin 54°44’ cos (45°—¢).... .. . ..(110)

TABLE 12. ORDER OF FORM LISTING IN THE ISOMETRIC SYSTEM

2 _ 4 _ 2
Class 2 3 — 3 13m — 3 —
m m m
e vl x x x
d 011
’ N (h<k<)
0 111 x x x
-0 111
¢’ Okl in order of increasing 7
‘e kOL
hhl in order of increasing 7
hhl
n Al in order of increasing 7
—n Rl
s’ hkl in order of increa/sing 7;
. k
s kil in groups of equal 7:
—'s  hkl

k
—s" kil list in order of increasing -
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