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AN IMPROVED METHOD FOR DETERMINING ICE FABRICS

By J. R. HiLL and N. P. Lasca

(Department of Geological Sciences, University of Wisconsin, Milwaukee, Wisconsin 53201,
U.S.A)

ABSTRACT. In ice-fabric studies, use of an accessory plate is necessary in conjunction with the Rigsby
universal stage to discriminate between the a- and ¢-axes of an ice crystal when the orientation of the ¢-axis
is parallel or nearly parallel to the stage. The techniques described permit orientation of the c-axis regardless
of its orientation.

REsuME. Une méthode améliorée pour déterminer la structure de la glace. Dans les études sur la structure de la
glace 'usage d’une coupelle auxiliaire est nécessaire en conjonction avec le plateau universel de Rigsby
pour distinguer entre les axes a et ¢ d’un cristal de glace lorsque P'orientation de I’axe ¢ est paralléle ou
presque paralléle au plateau. Les techniques décrites permettent la détermination de I'orientation de I’axe
¢ quelle que soit cette orientation.

ZUSAMMENFASSUNG. Eine verbesserte Methode zur Bestimmung von Eisgefiigen. Bei Eisgefugeuntersuchungen
ist der Gebrauch einer Hilfsplatte in Verbindung mit dem Rigsby-Universaltisch notwendig, um zwischen
a- und ¢-Achsen eines Eiskristalls zu unterscheiden, wenn die ¢-Achse parallel oder nahezu parallel zum
Tisch verlauft. Die beschriebene Technik erlaubt die Bestimmung der c-Achse unabhingig von ihrer Lage.

InTRODUCTION

In studying river-ice fabrics, Lasca (1971) found that many c-axes were orientated
parallel to the stage, when viewed in thin section on the Rigsby universal stage. From this
work it became apparent that an accessory plate was necessary to discriminate between the
a- and ¢-axes when the orientation of the ¢-axis was parallel or nearly parallel to the stage.
Therefore, a modification of the techniques described by Langway (1958) for determining
low-angle ¢-axis orientations in ice fabrics was necessary.

Under most conditions, ice crystals are elongate parallel to the ¢-axis (optic axis). In ice
petrography, it is desirable, but not always possible, to orientate the individual crystals in a
sample so that their optic axes are vertical. The Rigsby universal stage is used to determine
the optic-axis orientations in ice.

The standard optical principles used with the universal stage on a petrographic micro-
scope are the same as those used with the Rigsby universal stage. However, as the Rigsby
universal stage is used without a microscope, no provision is made for (1) magnification,
(2) use of an accessory plate, or (3) use of a collimating device (i.e. a device which restricts
the field and direction of vision to a specific and limited area of the thin section).

Being hexagonal, ice (1) is uniaxial, and (2) because the refractive index measured parallel
to the ¢-axis is greater than that measured parallel to one of the a-axes, ice crystals are optically
positive. Light traveling parallel to the ¢-axis of an ice crystal penetrates at a lower velocity
than light traveling parallel to an g-axis. Therefore, the ¢-axis is the slow vibration direction.

Knowing that the ¢-axis of ice is optically positive, the ¢-axis can be located by determining
which of the two vibration directions of the ice crystal is slow. This is accomplished by
introducing an accessory plate between the crystal and the upper polar. The accessory plate
is simply a mineral of known vibration direction and corresponding optic sign (for discussion
see p. 137)-

In order to determine the orientation of c-axes in ice using the Rigsby universal stage,
the principles of optical mineralogy must be applied to the following situations:

Situation 1. The optic axis of the ice crystal is vertical.
Situation 2. The optic axis of the ice crystal lies between the vertical position and 6o°

from the vertical.
Situation 3. The optic axis of the ice crystal is inclined greater than 60° from the vertical.
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RECOMMENDED PROCEDURES
Method 1
The suggested procedure for orientating the optic axis is as follows:
1. Place an orientated ice thin section parallel to the north-south direction on the Rigsby
universal stage (Fig. 1).
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Fig. 1. Diagrammatic illustration of an ice thin section orientated parallel to flow.

Fig. 2. Diagrammatic illustration of the initial position of an oplic axis prior to rotation about the Ay axis.

2. Set the A, A,, A, and A, axes to the zero position.

3. Pick a crystal for study and rotate the sample about the A, axis until extinction is
obtained (Figs. 2 and 3). If total extinction occurs through 360° of rotation about the
vertical axis of the microscope (A,), the optic axis of the ice crystal is orientated parallel
to the vertical line of sight (situation 1).
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Rotate the A, axis clockwise and counter-clockwise from the zero position (Fig. 4).
If illumination occurs, situation 2 applies. Return the A, axis to zero. Proceed to
step 6-A. If extinction is maintained, proceed to step 5.
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Fig. 3. Diagrammatic illustration of an optic axis afler rotation lo extinction about the A, axis.
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Fig. 4. Diagrammatic illustralion of optic-axis movement within the north-south vibration plane during rotation about the A,
axis.

By

6-A.

6-B.

Return the A, axis to the zero position. Rotate the A, axis clockwise and counter-
clockwise from the zero position. If illumination occurs, situation 2 applies. Proceed
to step 6-B. If extinction is maintained, situation § applies. Return the A, axis to
zero. Proceed to method 11.

Rotate the crystal go® on the A, axis. The ¢-axis is now in the north-south vibration
plane.

Return the A, axis to zero. The ¢-axis is now in the north-south vibration plane.
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7. Rotate the crystal 45° about the A axis, i.e. to the position of maximum illumination
(Fig. 5).

8. Rotate the crystal about the A, axis until the crystal is in extinction (Fig. 5). The
¢c-axis is now vertical. Readings may be taken directly from the A, and A, axes. After

appropriate corrections (Langway, 1958) are made, the data may be plotted on a
Schmidt net.
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Fig. 5. Diagrammatic illustralion of rolation of the optic axis to the 45° position about the Ay axis, and rolation of the optic
axis lo extinclion about the A, axis,

Fig. 6. Diagrammalic illustration of the crystallographic axes of an ice crystal where the c-axis is parallel or nearly parallel to
the stage. The crystal remains extinct upon rotation of either A, or A,.

The method outlined above is similar to that described by Langway (1958) for determina-
tion of ¢-axis orientations in situations 1 and 2 described above. When the optic axis of the
ice crystal is nearly parallel to the stage, it is necessary to use an accessory plate to discriminate
between the a- and ¢-axes before the location (azimuth) of the ¢-axis can be determined.

The reasons for this are:
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1. With the optic axis parallel to one of the principal vibration directions induced by the
polars, extinction is produced every go° coincident with one of the vibration directions,
or four times.

2. With the optic axis parallel to one of the vibration directions, it can be rotated (by
use of mutually perpendicular axes on the U-stage) either perpendicular to the north-
south vibration direction or coincident to the north-south vibration direction without
disrupting extinction (Fig. 6).

3. Without the aid of an accessory plate (quartz sensitive tint, gypsum plate, mica plate,
etc.), it is impossible to determine which of the crystallographic axes of ice is parallel
to a given vibration direction.

Use of an accessory plate

If an accessory plate with known vibration directions and known interference color is
inserted parallel to the c-axis of an ice crystal, optical interference will occur. As ice is
optically positive, the ¢-axis is the slow vibration direction of the crystal. When an accessory
plate is held over the ice crystal so that the slow vibration direction of the plate coincides
with the slow vibration direction of the c-axis of the crystal, constructive interference occurs
and a higher-order interference color is produced.

If optical subtraction occurs when the slow vibration direction of the accessory plate is
inserted parallel to a vikration direction of the crystal, the vibration direction of the crystal
is then fast and one of the a-axes is observed.

All optic-sign determinations are made with the crystallographic axes of the ice crystal
in the plane of the stage. The axis studied must be in the 45° position upon insertion of the
accessory plate. A simple accessory plate is casily made from large flakes of muscovite
mounted on a glass plate. The slow and fast vibration directions and interference colors of
the muscovite can readily be determined using a standard petrographic microscope.

Method IT

The suggested procedure for orientating optic axes inclined greater than 60° from the

vertical (situation g) is as follows:

1. Rotate the crystal to extinction about the A, axis.

2. Rotate the crystal about the A, axis then the A, axis. If the crystal remains at extinc-
tion upon complete rotation about the A, and A, axes, the ¢-axis must lie along either
the north-south or east-west vibration direction in the plane of the stage. Return the
A, and A, axes to zero.

3. Rotate the crystal from the extinction position to the 45° position about the A, axis
(microscope-stage axis).

4. Insert the accessory plate with its slow vibration direction parallel to the crystal axis
which is now in the 45° position.

5- If addition occurs, the crystal axis in the 45° position is positive (the ¢-axis) and the
optic axis 1s located.

6. If, however, subtraction occurs, the crystal axis in the 45° position is fast and therefore
one of the a-axes. Because only ¢-axes are plotted, it is necessary to rotate the crystal
9o° on the A, axis and repeat steps 4 and 5.

7. To complete the orientation of the ¢-axis, it is necessary to adjust the inclination of the
c-axis until it lies in the plane of the stage. This is best accomplished by rotating the
A, axis (perpendicular to the optic axis) until maximum birefringence (highest-order
interference color) is obtained.

8. The c-axis is now horizontal. Readings may be taken directly from the A, and A,
axes. After appropriate corrections (Langway, 1958) are made, the data mav be
plotted on a Schmidt net.
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CoNCLUSIONS
1. Procedures outlined in method II provide positive identification of ¢-axis orientation
when the optic axis of the ice crystal is inclined greater than 60° from the vertical.
2. In studies involving ¢-axis orientations inclined greater than 60° from the vertical,

confusion between the a- and ¢-axes is eliminated.
3. The technique described requires approximately 1-2 min per crystal to determine
¢-axis orientation.
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