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Icefabric Studies on Hamna Ice Fall and Honhorbrygga

Glacier, Antarctica
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1. Introduction

The Hamna Ice Fall and the Honhorbrygga Glacier are located on the east coast

of Liitzow-Holm Bay, East Antarctica, into which flow many glaciers originating from

the Antarctic ice sheet.

streams and ice falls due to the coastal bedrock outcrops (Fig. 1).

The continental ice sheet flows down and forks into glacier

These tributary

glaciers and ice falls enter the sea and break to form icebergs. The party could easily

approach the above-named glacier and the ice fall in the autumn and the spring when

the sea water was solidly frozen.

Then, a camp was established near their snout and

field work was carried out at the end of May and the beginning of September, 1960.

* dbiEEKEHESHEESMERE. F4REHEMBREAKSE LS. Department of Geology
and Mineralogy, Faculty of Science, Hokkaido University. Member of the Wintering Party,
the Japanese Antarctic Research Expedition, 1959-61.
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Fig. 1. Index map. X: Syowa Station.

The present investigation was undertaken as a preliminary study on the glacier
tectonics not only from the microfabric but also from the macrofabric point of view.
Therefore, tectonic mapping of the glacier was carried out first, followed by micro-
fabric study of the glacier ice. However, it was very difficult to survery for mapping
of the Honhorbrygga Glacier which is characterized by composite flows and falls so
that the survey work was hampered by crevasses and seracs. Thus, the complex
surface pattern of the glacier could not be mapped, and only a large iceberg calved
out at the glacier’s terminus was sampled vertically in a crevass which is about 36 m
from sea level to the top.

The studies reported here are preliminary but they demonstrate the structural
pattern of the ice fall and microfabrics, including not only the surface ice but also
the deep-seated bottom ice of this particular ice fall and the Honhorbrygga Glacier.
They reveal also the variation of fabrics at various depths to the glacier as related to
glacier movement. The movement indicated by macrofabrics may be represented by
shear strain, as manifested in planer structures such as foliation planes, clear bands,
cleavages, etc., which are observed in glaciers and ice falls; fracture cleavages are
found especially in bay ice in front of the ice fall. It is ascertained that the fabric
patterns of four maxima of axes of ice crystals as reported in the original study by
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RiGsBY (1951, 1955) are controlled by shearing planes such as foliation planes, and by
clear bands which exhibit tectonics differentiated from that of the main direction of
the glacier flow. Furthermore, in the present case, new multiple maximum fabrics
are found, and the orientation pattern and the deformation behaviour in sea ice cry-
stals are briefly treated.

2. Procedure in the fabric study

Oriented ice samples collected from the Hamna Ice Fall and the Honhorbrygga
Glacier in autumn were stored in the glaciological
laboratory of Syowa Base which was kept at
minus 15 degrees Centigrade on the average.
Fabric studies were carried out in the laboratory
as well as other glaciological investigations
throughout the wintering period.

A four-axes universal stage was used; it was
the SIPRE model reported by C. C. LANGWAY
(1958) and modified by T. TABATA of the Institute
of Low Temperature Science of Hokkaido Uni-
versity. This stage, mounted between two 15 cm
polaroid disks, accommodates an 11-centimeter
square thin section of ice. The frame of the

stage is machined out of phosphor-bronze and

Fig. 2. Universal stage with thin
section between two polaroids 15cm
in diameter.

the wooden support for the stage also serves as
a carrying box, making a compact and portable
field unit (Fig. 2).

Thin sections: The preparation of thin sections of ice was not very difficult be-
cause the studies were carried out in the cold laboratory of the base. Oriented ice
specimens were cut into slabs about 1.5 em thick by means of a hand saw. One surface
of the ice slab was made flat by planes, and the flat surface was pressed down firmly
on the slide glass which had been moderately warmed in hot water. After a little
while, the water film that had formed at the glass-ice contact, due to the heat of the
glass plate, re-froze solidly and the bonding of glass to ice became strong enough for
the process of section-making. Then, the ice slab was planed down to the desired
thickness, 0.3-0.5 mm parallel to the glass plate. Its thickness was easily decided
optically by the interference colour of the first order. The plane-down method recom-
mended by the Institute of Low Temperature Science was the simplest but valid and
fully satisfactory technique for the preparation of thin sections of ice. Two Japanese
carpenter’s planes were used at the base, one being for rough planing and another
for smoothing and finishing (Fig. 3).

The average number of grains per section was 100 or so, but a few sections con-
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tained about 70. LANGWAY (1958) stated
that at least 200 axes should be plotted
for a reliable statistical analysis, but in
the present case, the number of grains
per section seemed sufficient for fabric
analysis because of their strong concent-
ricity.

The measured c-axes inclinations,
which were corrected for index of refrac-
tion by the correction table based on
Snell’s law (LANGWAY 1958), were plotted
on the Schmidt equal area net for statisti-

Fig. 3. Cutted ice sample mounted on a glass 3] analysis. The procedures for statisti-
plate for reducing by plane.

cal analysis are well known petrofabrics
(KNoPF and INGERSON 1938, FAIRBAIRN 1949, LANGWAY 1958).

Orientation of fabric diagram is represented by structural axes a, b, c: @ means
the flow direction of the Hamna Ice Fall and the Honhorbrygga Glacier, ab: the surface
plane and c¢: vertical to (ab) plane in the present case. All the (b¢) diagrams are
vertical to the glacier flow and appear as if viewed downward from above the stream.

3. Hamna Ice Fall

The Hamna Ice Fall is located in the southern part of the Lang Hovde district
of the Prince Harald Coast and flows down between Lang Hovde and Hamnenabben
(69°15'S, 39°50’'E). The ice fall exemplifies a small flow separated from the main
Hamna Glacier which is one of many outlet glaciers originating from the continental
ice sheet and descending to the sea. It is nearly 500 m long and 500 m wide and flows
down in the north-northwest direction, its lower half being confined between steep
bedrock walls, 100m in height. On the western side of the fall, a narrow ablation
valley is found with terminal moraine consisting of detritus ranging in size from very
fine clay to blocks of 3m or more in diameter. Fortunately, this ablation valley
enables investigation of the entire profile of the fall from bottom to surface. The
bay ice of Hamna Bay, at the terminus of the ice fall, develops bending, folding
and crushing towards the snout. Cleavages in the bay ice are widely developed beyond
the terminal area. Sea ice blocks of 1.5m thickness are cast up on the bay ice at
the front of the ice fall, due to the pressure of the fall (Fig. 4).

The downward movement of the flow was recorded at location 1 on the ice fall
in May and December, 1960. The flow rate here averaged 5m or so per month.

1) Macroscopic fabrics

Structural elements of a glacier are generally characterized by planer structures
such as foliation, clear bands, crevasses, ete. These planer structures are also developed
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Fig. 4. Structural pattern of Hamna Ice Fall.

in the Hamna Ice Fall. In the present case, the following seven structural elements
.are observed: corridor, foliation, clear band, crevass, fault, joint and cleavage (Fig. 4).

Corridor: Corridors are a characteristic structure of this ice fall in the lower
half where it is traversed by four or five corridors, about 5m wide, at right angles
to the flow direction. The corridors separate the ranks of seracs; in summer puddles
.occur on their bottom. In the upper stream of the fall, crevasses (tension fractures)
traversing the ice fall come to open out to form corridors due to the steep inclination
.of the bedrock in the upper part.

Foliation : Pronounced foliation is obseved in banded ice of 4m thickness near
the bottom of the ice fall. The foliation is defined by alternating layers of bubbly
part and bubble-free clear part which are 1-2 em wide. The banded ice is greyish in
colour at a glance because it contains fine sand particles smaller than 2 mm, and oc-
casionally boulders of 50 em or more diameter. The strike and dip of the banded ice
are concordant with the surface of the bedrock in the upper stream of the fall, but in
the lower part they are disturbed owing to later slip planes in the glacier such as clear
band and fault. Folding and minor thrusting -of the banded ice are visible at the
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terminus (Fig. 5). The foliation in the

upper stream changes from banded ice to
clear band and it dips gradually to a steep
inclination relative to the surface.

Clear band: A conspicuous structural
element in glacier tectonics is the so-

called clear band (or blue band) which is

: RNV defined as a bubble free or almost bubble
Thrust Fault

free band formed by transparent clear ice
in predominantly bubbly glacier ice. In the

Fig. 5. Folding and thrust fault of banded ice

- L Hamna Ice Fall, clear bands, a few centi-
with shear joints at later stage.

meters wide, are well developed; their
formation may be divided into at least two stages (C;, C;), according to the structural
sequence. The clear band of the first stage (C,) is the older one; it is found all over
the ice fall with strikes in the west-northwest to east-southeast direction on the
western side, contrary to the eastern side where the strikes show east-northeast to
west-southwest direction. It is observed clearly that the dip of these planes character-
ized by C; bands becomes steeper as the ice flows down and bends over in the lower
part (Fig. 6). This phenomenon may indicate no simple shear strain relation but a
bodily rotation of each serac. To ascertain the bodily rotation of a serac, a U-gauge,
a kind of electric resistance strain gauge, was used succesfully. Description of the
reconnaissance work on the glacier ice using a strain gauge is to be published by the
author and SATO.
The movement of seracs is undoubtedly associated with the deformation by shear
stress which is indicated by the origination of the second stage clear band C; in the
lower part of the Hamna Ice Fall.

PROFILE OF HAMNA ICE FALL

Compressive Flow

E xtending Flow
‘0 oom

Fig. 6. Schematic profile of Hamna Ice Fall.
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However, it may be observed that the banded ice turns gradually into the clear
band in the upper stream ; a difference of tectonic Style is evident between the move-
ment of seracs and the basal flow of the Hamna Ice Fall, because the basal banded
ice moves constantly on the base of the ice fall even when it is traversed by C.
planes, and then every serac rotates on the basal flow in the upper part.

The second stage clear band C,, originating in the lower half of the Hamna Ice
Fall, dips to the south, showing a low angle about 35 degrees at first, but gradually
changing to a high angle in the lower part. This suggests a differential flow in which
C: is dislocated having been cut by C; planes (Photo. 8). The occurrence of C; planes
sets an example of a compressive flow contrary to the area where C; occurs in the
upper part indicating an extending flow in the Hamna Ice Fall (NYE 1952).

The pattern of the clear band C; in Fig. 4 reveals a structure concave to the
flow direction, but a convex structure on C. plane according to the stress distribution
as stated above. It is considered also that the pattern of C, may reflect the internal
structure of a kind of ogive.

Joint and fault (Fig. 5): The lowest part of the ice fall flows up to a moraine
pile, so that the stress condition of the flow changes alternatively to the extending
stage. New planes originate as faults and shear joints. A fault with a N-S direction
traverses the banded ice of the basal flow which shows minor folding. It thrusts up
with a small scale dislocation towards the west which seems to be deviated from the
main direction of the flow. The thrust faulting seems to represent a local movement
of the ice fall on the moraine differentiated from the direction of the tectonic trans-
port. Shear joints without dislocation distributed on both sides of the lowest part of
this ice fall, may prove the latest structural element with an inclination to north
in the extending state.

Faults as well as shear joints are diagnosed as clear band of the original state
which is newly formed and has not yet recrystallized.

Cleavage in bay ice: Bay ice of Hamna Bay, 1.5m in thickness, spreads out in
front of the ice fall. It is clearly observed that the area in front of the fall indicates
morphologically the existence of a fiord about 1000 m in length. The stress effect
of the fall is revealed in the whole area as fracture cleavage. Vertical cleavages
at a few centimeter intervals develope radially outward from the center of the snout.
Rather weak cleavages in the northeast direction traverse the radial cleavages on
both sides of the fiord ice.

The bay ice as well as the ice of the fall is usually deformed elastically, so
that the stress is easily released by the shock of persons walking with crampons or
striking with an ice axe, resulting in cracks.

Fig. 6 shows the entire view of planer structures in schematic profile in which
clear bands are especially proved equivalent to shear planes such as crevasses (NYE
1952) ; besides, they have no opening but are recrystallized with increase in size of
ice crystals. C; planes originate in the extending state in the upper part and are
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traversed by newly formed C. planes in the middle-lower part of the area of compres-
sive state. The rotation of seracs is proved by the bending of C, planes and by
accurate measurements using a U-gauge. Banded ice commonly flows down on the
basement as a basal flow even when it is traversed by some other planer structures.
At the terminus, the character of the fall changes again to the extending flow, so
that minor folding and thrusting faults occur and jointing originates.

2) Icefabrics

The solid ice, on which the fabric study has been carried out, shows two different
types of texture; glacier ice and bay ice, as desecribed below.

Glacier ice: It takes the form of medium crystalline-crystals 0.5 to 3cm in dia-
meter, occasionally coarse crystals 5ce¢m or more in diameter as seen in cross section.
Individual crystals have very interlocking and irregular boundary shapes. Within the
ice and mostly within the individual crystals rather than along the grain boundaries,
occur numerous spheroidal bubbles, 1 to 2 mm in diameter, containing air and water
vapor. The bubbles are arranged with more or less preferred orientation. The banded
ice of the basal flow exhibits alternation of bubble-rich and bubble-poor layers in
foliations but not necessarily at other localities. At location 1, the preferred orienta-
tion of bubbles is vertical, having no relation to a clear band. The crystalline texture
is completely uninfluenced by foliation, clear band or grain size.

Bay ice: It occurs as medium crystalline-crystals 0.5 to 6cm in diameter;
nearly bubble free, forming a clear, transparent aggregate ; interlocking grain texture.
Individual crystals have very elongated and irregular shapes. The elongation is
generally normal to c-axes, which is characteristic to sea ice; the crystal growth
occurred in the a-axes direction. Grain boundaries of individual erystals tend to
become obscure because of the concentration to one maximum of c-axes, as well as
of the strong strain shadow (undulatory extinction) which is parallel to c-axes of the
ice crystals. Individual grains are fractured into many particles of elongated lath
shape resultant from intense strain; then the displacement of axes within the in-
dividual undulose ice grains extends gradually to the neighbouring crystals. There-
fore, it is not very easy to ascertain either the boundary of the individual grains
or the ruptured particles. Among the larger crystals with intense strain shadow,

Table 1. Fabric data from Hamna Ice Fall and bay ice.

]
Lostion|  Tspe of Number of | Typeof | Undulatory | Conroling

1 | medium bubbly ‘ 90 4-max. | weak C:

2 medium bubbly 71 4-max. | weak partial | C;

3 fine bubbly layer 110 5-max. | weak foliation

4 fine with medium grain bubbly 103 5-max. | weak C:

5 medium elongated 70 1-max. | strong radial cleavage
6 medium elongated 70 1-max. | strong radial cleavage
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a few small fresh grains without strain shadow were observed; these grains may be
newly formed crystals having a different orientation from others (Figs. 11 and 12).

Fig. 7. 90 ice c-axes at location 1 of Fig. 8. 71 ice c-axes at location 2 of Ham-
Hamna Ice Fall; contours 1-3-5-7-10 na Ice Fall; contours 1-6-10-14 < per
<per cent, max. 13 per cent. cent, max. 30 per cent.

Fig. 9. 110 ice c-axes at location 3 of Fig. 10. 103 ice c-axes at location 4 of
Hamna Ice Fall; contours 1-3-5-7-10 Hamna Ice Fall; contours 1-4-7-10<
< per cent, max. 13 per cent. per cent, max. 20 per cent.
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Fig. 11. 70 bay ice c-axes at location 5 in Fig. 12. 70 bay ice c-axes at location 6 in
front of Hamna Ice Fall; contours 1-5 front of Hamna Ice Fall; contours 1-6
-10-15-20 <per cent, max. 26 per cent. -10-14 per cent, max. 16 per cent.

3) Fabric pattern

Shown in Figs. 7T~12 are fabric diagrams obtained from samples taken at four
locations on the Hamna Ice Fall and two locations on bay ice; the diagrams were
secured by plotting the optic axes on the lower hemisphere of a Schmidt equiareal
projection.

Glacier ice: The orientation of the axes of the ice crystals shows the strong four
maxima pattern as a rule. The four maxima pattern was reported originally by
RigsBY (1951). He and other investigators have treated the problem; especially it
has been studied theoretically by KAMB (1959). Multiple maximum fabrics (four maxima
with one or two submaxima) are found in the upper part of the ice fall. It is evident
that these diamond-shaped patterns are intimately associated with clear bands which
are diagnosed as shear planes. In the lowér part of the ice fall, it is postulated that
the center of each diamond-shaped pattern is the pole of a clear band C, (Figs. 7 and
8), while in the upper part, it is the pole of a clear band C; and of a foliation plane
(Figs. 9 and 10). It seems clear that the orientation of ice crystals is controlled by
foliation plane at the first stage, and that controlling planes are followed by C; and
C; clear bands owing to the tectonic sequence of the ice fall. Submaxima on the
foliation plane (Fiig. 9) and the clear band C; (Fig. 10) are characteristic patterns
which suggest the axes to be parallel or subparallel to the controlling planes.

Ideal four maxima fabrics are found consistently in ice that has been subjected to
long-continued strain in simple shear, and the development of several maxima is to be
ascribed to locally varying rotation (with respect to the foliation plane) superimposed
on the ice by a shearing motion (KAMB 1959).

In the present case, however, multiple maxima patterns are found at the base
of the Hamna Ice Fall (Fig. 9) and at location 4 which is about 20 m deep in the ice of
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the middle part of the fall. It appears that these fabrics are subjected to more
intense long-continued strain under strong shearing stress than other typical four
maxima fabrics occurring at the surface of the lower part of the fall (locations 1 and
2). In the multiple maxima pattern, the strain effect may be due to simple shearing
because any other local control of varying orientation is improbable within the basal
flow of the banded ice. Strain shadow with a slight displacement of axes is observed
more or less in every section.

Bay ice: The orientation of axes of bay ice crystals reveals an intense single
Fig. 11 shows the fabric from the
bay ice that is folded with a 1.5m wave length just in front of the snout. The
single maximum is subparallel to the radial cleavage which is conspicuously developed
as stated above (location 5).

maximum pattern parallel to the surface plane.

However, it is observed that c-axes of ice crystals tend
to point toward the pole of the radial cleavage which signifies the basal plane of the
ice crystal gliding in Fig. 12; also an incomplete girdle is recognized that may indicate
a tendency to concentration of the axes. This fabric pattern is from the level ice
about 700 m distant from the snout of the ice fall (location 6). The basal plane of an
ice crystal seems to behave as a glide plane under a weak stress condition so that
the single maximum fabric will be produced. Then, the stress at location 5 (Fig. 11), is
considered to be rather stronger than at location 6 (Fig. 12).

The plotted axes of a few small and fresh crystals without strain shadow occupy
the central part of the diagrams (Figs. 11 and 12), which means that the c-axes of
the ice crystals are vertical to the surface
unlike the case of normal sea ice. an-
nealing recrystallization appears to result
in the production of a few small crystals
without strain shadow accompanied by re-
orientation, although the cause of re-ori-
entation is still unknown.

The intense undulatory extinction of
crystals is a striking character of the
bay ice of the area, and it inevitably
leads to plastic deformation owing to the
stress of the ice fall. The trend of the
usually parallels the
orientation of the c-axes of crystals ; also,

strain shadow

the elongation of crystals is normal to

c-axes as a whole. One crystal comprises
sem- many small separate lath-shaped particles

Fig. 13. Fabric of bay ice at location 6
showing undulatory extinction parallel to
c-axes.

which are the product of intense strain
shadow due to the displacement of axes.
The smallest particle shows a 0.2 mm long
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lath within a crystal of 5cm length. This phenomenon may represent a kind of
polygonization, showing deformation mechanism and re-orientation of axis of the ice
crystals (Fig. 13).

4 Honhorbrygga Glacier

The Honhorbrygga Glacier (69°20’S, 39°50’ E) is located about 10 km south of the
Hamna Ice Fall, and flows down between two rock outcrops, Breidvognippa and
Byvogosane. The glacier is accompanied by two others; one on the southern side
flows down to the north-northwest, and the other on the northern side flows to the
south. An ice fall south of the main flow, besides the main glacier stream in the
northeasterly direction, flows down to form a complex ice fall near the lower part.
The glacier, being an ice stream on a shallow valley of the continental slope, may flow
for several tens of kilometers in the northeast direction according to the surface mor-
phology of the ice sheet. However, the whole picture of this glacier is not known as yet.

A large tongue of the glacier extending from the present terminus is indicated on
the geomorphological map and shown by the aerial photograph in the report of LARS
‘CHRISTENSEN’s Expedition 1936~37, but in 1960, the whole glacier tongue has disap-
peared except for a few iceberg remnants in the area where the tongue may have existed.
‘Why the tongue has vanished ? Its disappearance is probably due to the retreat of
the continental ice sheet because of climatic change, or it may be due to accidental
wave motion of the ice stream, or does it may be washed out by strong wave and
current abruptly (Fig. 14).
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Fig. 14. Retreat of Honhorbrygga Glacier.
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In the area in front of the glacier, a few large icebergs which are calved out from
the glacier are scattered, and the interspace is clogged disorderly by small icebergs
and ice bits with ice debris.

Bay ice that may not necessarily open to water every summer is bended, folded
and crushed by the pressure of the glacier flow. The flowing pressure especially gives
rise to pressure ridges in the area in front of the terminus of the glacier. Fracture
cleavages develop in bay ice throughout the area (Fig. 15).

HONHORBRYGGA GLACIER

BREIDVOGNIPPA

’/
ﬂ / 1 Kkm
/ - -

Pressure ridge
A "A A ‘ Morain
\
At % Flow ‘direction

Fig. 15. Schematic map of Honhérbrygga Glacier.

Tectonic mapping was impossible because this composite glacier occupies an ex-
tensive area ; precise surveys were also impossible on account of many seracs and
crevasses. Hence, the party was obliged to be satisfied with merely collecting samples
from one of three table-shaped icebergs calved out of the glacier, 1km long and 36m
high, situated in front of the terminus. The sampling was carried out successfully

in a crevass from sea level to the top of the iceberg at vertical intervals of about
5m to 10 m.
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1) Icefabrics

The texture of the glacier ice on which fabric study has been carried out is
uniform grain size of medium type irrespective of depth. Clear band is composed of
coarse ice and fine ice are rarely found.

Medium bubbly ice: Medium crystalline-crystals 0.5 to 3 em in diameter, occasion-
ally coarse crystals 5 cm or more in diameter are seen in thin section. Individual
crystals have highly interlocking and irregular boundary shapes. Elongation of
crystals parallel to clear band and banded structure (foliation) indicated by the alter-
nation of bubble-rich and bubble-free layers, is observed at locations 1, 2 and 6.
Bubbles, 0.5 to 3mm, 5mm in maximum diameter, have more or less preferred
orientation according to grain arrangement as well as to elongated ovoidal form. A
question whether the orientation is related to the movement of the glacier or not
remains unanswered, as a structural analysis from the megascopic point of view has
not yet been completed. The fabric patterns of the glacier ice are not controlled by
the orientation of bubbles in the present case, although the patterns show intimate
connection with clear bands and foliation. Undulatory extinction is observed in almost
all sections ; however, it is not always observed in every grain of a section but in a
limited number of grains. It appears that plastic deformation without annealing
recrystallization inevitably leads to undulatory extinction and the undulose grains
may be reduced to clear grains in proportion to the advance of annealing recry-
stallization. This is an explénation for the case of the coexistence of undulose grains
and clear grains in one section.

Coarse clear ice: This type of ice is characterized by coarse crystalline-crystals 3
to 6 cm in diameter ; nearly bubble-free and forming clear, transparent aggregates ;
interlocking and irregular grain texture similar to that of the medium bubbly ice.

Coarse clear ice occurs in two structural situations in this glacier; a) thin (1 to
5cm) layers intercalated with medium bubbly ice forming clear bands; b) lenticular
pods contained within medium bubbly ice, elongated incline with the foliation which
is subparallel to the flow direction of the glacier. '

Fine bubbly ice: Two kinds of fine ice in texture and in occurrence are found at
locations 10 and 12. Foliation indicated by alternation of bubble-rich and bubble-free
layers, 5em width is developed at location 10. Fine ice there is generally crystalline,
the crystals being 0.2 to 1 em in diameter, rarely up to 2cem in maximum dimension ;
individual grains have irregular and weak interlocking texture; the ice contains
scattering small bubbles (0.2 mm). A bubble-rich layer is usually composed of fine ice
partially showing undulatory extinction.

Fine ice at location 12 was collected from the surface of the continental ice sheet
at about 40 km northeast of the terminus from the upper stream of the glacier.
Crystals are 0.2 to 0.5¢e¢m in diameter ; individual grains are somewhat like subideo-
morphic hexagonal plate in shape without strain shadow. The ice contains many
small bubbles (0.3 mm) which have a preferred orientation vertical to the surface.
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Flow cleavage: Throughout this discussion ‘‘flow cleavage ’’ refers to a kind of
slip plane where recrystallization took place in bubble free, clear bands less than 5mm
thick, without formation of a distinct layer or variation in grain size, but the develop-
ment is on a smaller scale than that of ‘‘clear band >’ (Fig. 16). A slippage related
to the formation of flow cleavage is observed by the appearance of bubble orientation
at location 8 (Fig. 17). The fabric patterns are controlled by these flow cleavages
according to the following suggestions.

LN
ARORN

5¢m

Bubble
Fig. 16. Flow cleavages in the ice of Fig. 17. Flow cleavages show-
Honhorbrygga Glacier. ing slippage.

2) Fabric pattern

Fabric diagrams were obtained from samples taken at thirteen locations on the
Honhorbrygga Glacier, of which three diagrams are from the surface of the small
glacier north of the main flow, nine diagrams vertically from a crevass of the large
iceberg at the terminus, and the last one from the uppermost stream about 40 km
northeast of the terminus. They are shown in Figs. 18~29.

Direction
of

Flow

Fig. 18. 85 ice c-axes at location 1 of Fig. 19. 100 ice c-axes at location 2 of
Honhérbrbygga Glacier; contours 1-4-7- Honhérbrygga Glacier; contours 1-3-5-
10<per cent, max. 16 per cent. T<per cent, max. 9 per cent.
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Fig. 20. 105 ice c-axes at location 3 of Fig. 21. 103 ice c-axes at location 4 of
Honhorbrygga Glacier; contours 1-4-7- Honhorbrygga Glacier; contours 1-3-5-
10<per cent, max. 19 per cent. 7-9<per cent, max. 11 per cent.

Fig. 22. 102 ice c-axes at location 5 of Fig. 23. 90 ice c-axes at location 6 of
Honhorbrygga Glacier; contours 1-3-5- Honhorbrygga Glacier; contours 1-4-7-
7-9<per cent, max. 12 per cent. 10-13<per cent, max. 17 per cent.
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Fig. 24. 114 ice c-axes at location 7 of Fig. 25. 90 ice c-axes at location 8 of
Honhorbrygga Glacier; contours 1-4-7- Honhorbrygga Glacier; contours 1-3-5-
10<per cent, max. 14 per cent. 7-9<per cent, max. 11 per cent.

Fig. 26. 117 ice c-axes at location 9 of Fig. 27. 30 ice c-axes at location 10, coarse
Honhérbrygga Glacier; contours 1-3-5- clear band.
7-9-11<per cent, max. 20 per cent.
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Fig. 28.

111 ice c-axes at location 11 of
Honhérbrygga Glacier; contours 1-4-7-
10-13<per cent, max. 17 per cent.

Fig. 29. 105 ice c-axes at location 12 of
uppermost stream of Honhérbrygga
Glacier; contours 1-3-5-7-9< per cent,
max. 10 per cent.

In Figs. 18, 19 and 20, four maxima patterns are revealed to be controlled by a
clear band which is the older one of a set of clear bands, according to the preliminary
stfutural survey of the surface pattern. The girdle-like pattern traversing the con-
trolling plane in Fig. 19, shows some of the c-axes parallel to the controlling plane,
the older clear band, as shown in Figs. 9 and 10. This may be a transitional pattern
due to the rotation of c-axes to a new stable situation.

Table 2. Fabric data from Honhérbrygga Glacier.

Height | .
Lo- . Bubble No. of | Type of | Undulatory | Controlling
cation from sea | Type of ice | orientation ice fabric extinction plane
level (m) ,
1| med. elongated | none 85 | 4-max. | partial clear band
med. elongated | none 100 | 4-max. partial clear band
3 med. oriented 105 | 4-max. partial clear band
4 36 | med oriented 103 | broad artial
) 2-max. | P
4a 31 med. none 102 b;??r(llax. partial
5 26 coarse none 56 | uncertain| partial
6 18 med. elongated | oriented 90 | 4-max. partial foliation
7 6 med. oriented 114 | 4-max. partial flow cleavage
med. .
8 3 rather coarse oriented 90 | 3-max. none clear band
10 - 0 fine to med. bubble band 117 | 4-max. | partial foliation
102 0 coarse bubble free 30 | 2-max. | partial weak
11 0 med. none 111 | 4-max. partial flow cleavage
| 40km fine bubble rich | ;s | broad Hone deposition
| 12 sltlfé:ﬁ; e. oriented 2-max. plane (?)
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It is of interest that a vertical variation of fabric patterns is observable in Figs.
21~28. The heights of each location in the crevass where the sampling was carried
out are shown in Table 2. Broad single maximum patterns with a submaximum are
observed in the diagrams, Figs. 21 and 22, of the surface or nearby locations, although
the controlling planes of these diagrams are indistinct.

A fabric diagram showing a single maximum with a submaximum is also obtained
at location 12 which is the bare ice at the marginal slope just below the firn ac-
cumulated on the continental ice sheet. The diagram suggests that the fabric may
be an initial deposition fabric, judging from the field occurrence as well as from the
textural character as stated above. If so, the patterns in Figs. 21 and 22, may be
deposition fabrics which are more or less disturbed.

The four maxima fabric becomes more distinct downward to the bottom of the
iceberg crevass. A typical four maxima fabric is obtained in the lowest part at sea
level which is 36 m below the surface of the iceberg. These four maxima patterns
are controlled, without exception, by planer structures, such as clear band, foliation
and flow cleavage. Some c-axes parallel to the controlling plane are also noticed in
Figs. 25 and 26.

The fabric of the coarse clear ice is shown in Fig. 27 which is a scatter diagram
as the measured ice grains were too few in number to be represented statistically.
The figure reveals roughly two maxima pattern. Fig. 26 shows the four maxima
diagram of the medium bubbly ice at the same location. Coarse clear ice may be
produced later than the medium bubbly ice of the country ice so that stress effect on
the fabric of coarse clear ice may be revealed to be less than that of medium bubbly
ice. Therefore, the strain of the coarse clear ice may be weaker than that of medium
bubbly ice. Two maxima fabric of the coarse clear ice may be produced under the
same stress condition as that of the medium bubbly ice which is indicated by the
same position of two maxima on each fabric diagram (Figs. 26 and 27), less short time
elapsed in the case of coarse clear ice under external stress than in the case of original
medium bubbly ice.

5 Fabric corresponds to stress condition

Single maximum fabric: There are three kinds of single maximum fabrics in the
areas where the fabric study was carried out. Two kinds of fabrics are from bay
ice, and the other one may be a deposition fabric. It is clearly known experimentally
that the basal plane of an ice crystal plays a role of a glide plane under the condition
of weaker stress. This is the case with the fabrics of the bay ice about 700m distant
from the snout of the Hamna Ice Fall. Another case is the fabric just in front of
the snout which reveals a single maximum parallel to the controlling plane (radial
cleavage). Such fabric may have been formed due to a more large stress than the
stress that in the case of the fabric of basal plane gliding, when judged from the



Plate 1. A panoramic view of Honhorbrygga Glacier from sol
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Photo. 2. Coarse bubbly ice at location 4. Honhoérbrygga Glacier. x0.9



Photo. 3. Hamna Ice Fall viewed from west.

Photo. 4. An iceberg with crevasses in front of the terminus of Honhérbrygga Glacier. 40 m in height.



Photo. 5. Corridor in Hamna Ice Fall showing clear bands in background.
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Photo. 6. Folding of bay ice in front of the snout of Hamna Ice Fall.
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Photo. 7. Burying U-gauge in a serac which shows clear bands, Hamna Ice Fall.
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Photo. 9. Medium bubbly ice. Xx3/8

Photo. 10. Transparent coarse ice in
clear band. X 3/8

Photo. 11. Bay ice showing intense
undulatory extinction and

a kind of polygonization.
X 3/8
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field occurrence ; then, it gets mixed with a four maxima fabric to form a multiple
maximum pattern. In the bay ice in front of the snout, where the original orientation
of the c-axis of sea ice is seen, the parallelism to the surface may easily contribute
to the formation of the pattern with the single maximum parallel to the controlling
plane under a stronger stress.

At location 12 on the Honhorbrygga Glacier, a deposition fabric is found showing
a broad single maximum with a submaximum vertical to the surface. The character-
istics of the pattern survived in spite of the pati'ﬁern’s rotation and disturbance at
the surface of the iceberg at the terminus of the Honhorbrygga Glacier.

Two maxima fabric: This type of fabric is observed in Fig. 27 though the pattern
is not definite. It is clear in this case that the fabric may have been produced under
weaker stress than the fabric with four maxima. ‘

Four maxima fabric: Four maxima fabric patterns are found in the lower part of
the Hamna Ice Fall and in the iceberg where the ice has been subjected to long-
continued strain under strong stress. It is admitted that the fabric is found on the
surface of ice fall or glacier, but the ice may have come up from the lower part.

Multiple maxima fabric: In the present case, the multiple maxima fabric is
composed of four maxima fabric and single maximum fabric parallel or subparallel to
the controlling plane, as shown in Figs. 9 and 10. This pattern is shown by RIGSBY
(1951) in the Emmons Glacier without any explanations. It is proved now that this
type of fabric may be produced under intense stress, rather than the four maxima
fabric as formed in the Hamna Ice Fall, though the mixing with the single maximum
fabric is not yet accounted for.

The easiest glide plane of an ice crystal is proved experimentally to be the basal
plane forming a single maximum fabric under weak stress. It means that the crystal
structure parallel to the basal plane shows the weakest bonding. Then, as the more
intense stress condition develops, the glide plane of an ice crystal may change to the
face having strong bonding corresponding to the stress: {1122}, {1012}, {1124}. This
would account for the sequence of single maximum—two maxima—four maxima—
multiple maxima fabrics. A small girdle appearing in four maxima fabric may be a
transitional character of the pattern caused by the displacement of c-axes in settling.

The author wishes to express his gratitude to Assist. Professor T. IsHIDA of the Institute
of Low Temperature Science, Hokkaido University, and to Mr. Y. YosHIDA of Ochanomizu
University, who suggested the problem and gave constant advice to the author during the col-
laborative work of glaciology at Syowa Base. His special thanks are due to Mr. K. TSucHIYA, Mr.
K. SATO and Mr. K. FUKASE, who were the author’s assistants and companions in the field work.
The author is indebted to Assist. Professor K. KUSUNOKI and Dr. T. TABATA of the Institute
of Low Temperature Science, who built the universal stage. Thanks are also expressed to Miss
S. IKEDA who prepared figures.
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