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AsTRACT. T'wo holes were drilled to depths greater than 300 m in the
Antarctic ice sheet, near Cape Folger on the Law Dome. The holes under-
went considerable closure below 250 m with localized strain-rates as high as
1to 1.5 x 10757 !, The closure observed in the holes was non-uniform and
occurred in zones 0.5 to 3 m wide. These zones parallel the flow plane in the
ice mass and are associated with a distinct domainal structure. High-closure
zones are characterized by interlocking and irregular-shaped ice grains with
many sub-horizontal c-axes and only occasional ¢-axis clusters at a high
angle to the flow plane. Low-closure zones contain tabular grains with the
long dimension parallel to the flow plane, abundant deformation features
and a predominance of c-axes oriented at a high angle to the flow plane. The
relationship between closure rate and e-axis [abric is attributed to marked
plastic flow by intracrystalline slip on the basal plane to produce higher
closure in areas where there is a greater variation in ¢-axis orientation. This
deformation is attributable to overburden pressure and hence is related
to depth, and is independent of shear within the main body of the ice
mass.

Risumic, Relatton entre vitesse de fermeture d'un trou de_forage et Uorientation des
cristaux dans la glace @ Cape Folger ( Antarctigue). On a exécuté deux forages a
des profondeurs supéricures & 300m dans la calotte antarctique pres de
Cape Folger sur le Law Dome. Les trous se sont refermés trés rapidement
en-dessous de 250m avec des vitesses pouvant atteindre localement
1,5 x 107%™, La fermeture observée dans les trous n’est pas uniforme et
s'observe dans des couches de 0,5 @ 3 m d'épaisseur. Ces zones sont paralleles
au plan d’écoulement dans la masse glaciaire et sont associées a un type
particulier de structure. Les zones a fermeture rapide sont caractérisées par
des grains de glace entremélés et de formes irrégulieres avec beaucoup
d’axes-¢ subhorizontaux et sculement de rares grappes de cristaux i axes-c
formant un angle important avec le plan de I'écoulement, Les zones a
fermeture lente contiennent des grains tabulaires avec la grande dimension
paralléle au plan de I'écoulement, beaucoup de figures de déformation et

INTRODUCTION

A number of authors (Gow, 1986; Paterson, 1977)
have recorded varying degrees of closure within drill
holes in Antarctic ice. Such closure occurs after a
hole has been drilled and before it is filled with
fluid of the same density as the ice, in order to
counteract closure. The closure of the drill holes is
attributed to the plastic flow of the ice as a result
of the stress drop following the removal of the core.
The extent of closure is dependent in part on the
magnitude of the vertically imposed overburden load
and on the previous deformation and thermal history
of the ice. In the case of the two drill holes des-
cribed here, BHC 1 and BHC 2 from the Law Dome near

Cape Folger, Antarctica (Fig. 1), closure-rate measure-

ments were obtained over 37 h and 49 h respectively

before the holes were fluid filled. It is the purpose

of this paper to describe the features associated
with areas of high closure in the two holes and in-
vestigate the influence of the ice grain structure
and fabric.

The data described in this paper were obtained
from small sections of ice core recovered after the
two holes were drilled during the 1981/82 austral
summer as part of an ANARE (Australian National Ant-
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une prédominance d'axes-c formant un angle élevé avec le plan
d’écoulement. La relation entre la vitesse de fermeture et I'orientation des
axes-c est attribuée a I'écoulement plastique sensible par glissements inter-
cristallins sur le plan de base qui produit une fermeture plus rapide dans les
régions ou il y a une plus grande variation dans 'orientation des axes-c.
Cette déformation peut étre attribuée aux pressions d'enfouissement et donc
mise en relation avec la profondeur, elle est indépendante du cisaillement
a l'intérieur de la masse de glace.

ZUSAMMENFASSUNG. Beziehung zwischen dem  Bohrlochschliessen und  dem
Kristallgefiige in antarktischen Bohrkernen von Cape Folger, Antarktika. Nahe bei
Cape Folger auf dem Law Dome wurden zwei Bohrungen in ‘T'iefen von
mehr als 300 m in den antarktischen Eisschild abgeteuft. Die Bohrlocher
schlossen sich unterhalb von 250 m betrachtlich mit festgestellten Span-
nungsraten bis zu 1-1,5 x 10°®s~ %, Die in den Bohrléchern beobachtete
Schliessung erfolgte unregelmissig und trat in Zonen von 0,5-3 m Linge
auf. Diese Zonen verlaufen parallel zu den Fliessflichen in der Eismasse und
sind mit einer bestimmten ortstypischen Struktur verkniipft. Zonen sch-
neller Schliessung sind durch ineinandergreifende und unregelmissig ge-
formte Eiskorner mit vielen subhorizontalen ¢-Achsen und nur gelegentlich
aufiretenden  ¢-Achsen-Haufungen unter grossem Winkel gegen die
Fliessache gekennzeichnet. Zonen geringer Schliessung enthalten taf-
elformige Korner mit Lingsachsen parallel zur Fliessfliche, unzahligen
Deformationserscheinungen und  einer vorherrschenden  ¢c-Achsen-
Orientierung mit grossem Winkel gegen die Fliessfliche. Die Bezichung
zwischen der Schliessungsrate und dem ¢-Achsen-Gefiige wird darauf
zuriickgefithrt, dass deutlich plastisches Fliessen infolge intrakristallinen
Gleitens an der Basisebene eine schnellere Schliessung dort verursacht, wo
eine grossere Streuung in der ¢-Achsen-Orientierung besteht. Diese Defor-
mation lisst sich dem Uberlagerungsdruck zuordnen und hingt deshalb
von der Tiefe ab; sie ist unabhiingig von der Scherspannung im Ge-
samtkorper der Eismasse.

arctic Research Expedition) glaciological investi-
gation into the ice dynamics of the Law Dome ice cap
(McCray, 1982). The hole, BHC 1, was drilled on a
bedrock rise (Fig. 2) where the ice was 301 m deep.
BHC 2 was drilled in a bedrock hollow 350 m down-
stream where the ice thickness was 345 m. In both
holes high bore-hole closure was noted at depths
greater than 250 m (Figs 3 and 4) and appear to be
local and independent of the large shear strains and
movement patterns observed in the bulk of the ice
cap (Russell-Head and Budd, 1979; unpublished data of
A.P. McCray). The closure rates were determined by
measuring the hole diameter after the core had been
removed and the hole reamed.

The temperature profiles measured in both BHC 1
and BHC 2 after fluid filling are almost linear. In
BHC 1, the temperature ranged form -1.,9°C at 280 m
depth to -1.0°C at 300 m, and in BHC 2 from -2.8°C
at 280 m to -1.2°C at 325 m depth. Samples used for
crystal-fabric analysis were selected on the basis of
closure rate. As the ice grain-size was large it was
sometimes necessary to cut two or even three sections
to get an acceptable number of e-axis measurements to
characterize the fabrics. The e-axes were measured
using the method described by Langway (1958) and have
been plotted on the lower hemisphere of an equal-area
projection.

171


https://doi.org/10.3189/S0022143000005906

11}5’EAREA ENLARGED CAPE POINSETT 11]5°

ADJACENT APE HC2,346m
1 POLREE BHC 1,301
= CAPE 66™—
- [ods FOLGER TO

DOME SUMMIT

CASEY
\
VANDERFORD LAW,DOME
GLACIER
1200
400600800 : 0 2 4
| 67 ) 1000 67% CASEY 15 %5 0 2 6 gl; 1?km
0 26  50km TOTTEN GLACIER <l g
———— I BAILEY PENINSULA
v y 3 B

Fig. 1. Locality diagram of BHC 1 and BHC 2 on the Law Dome, Antarctica.
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Fig. 2. Schematic mrofile illustrating the relationship of BHC 1 and BHC 2 to bedrock topography and
showing areas of high bore-hole closwre (stippled) and the general variation of c-axis meferred
orientation through the ice sheet. (80) - number of c-ares measwred.
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Fig. 3. Diameter of BHC 1 from 278 to 300 m illustrating the change in hole diameter from Calliper Run a
(t =0 h) to Calliper Rwn b (t = 37.25 h). Selected representative lower hemisphere fabrie diagrams with
corresponding depths are showm, with a total plot of all the c-axes mgzaswed betz_aeen 278 m and 300 m (80) -
nunber of c-azes measured. * - asterisk indicates more than one section from this depth was used to
obtain c-azis data. Bubble elongation is east-west and direction of flow is indicated by arrow.
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Fig. 4. Diameter of BHC 2 from 287 to 326 m illustrating the change in hole di :
(t = o h) to Calliper Run b (t = 48.25 h). Fabric diagrams coprgspowding tgtg;n;;;:po;rg?gggr%l;fznfemr-a
mediate closure within the interval 289 to 302 m are arranged on the left. Fabric diagrams on the
right (285.3 to 288.1) correspond to areas of lower closwre. The fabrie diagrams at 305.3, 315 and
326.3 m occur outside the zone of bore-hole eloswe. For explanation of fabrie diagrams see Figure 2.
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CLOSURE CHARACTERISTICS

In BHC 1, areas of bore-hole closure could be
identified from the time of the initial calliper run
(Fig. 3), that is some 27 h after the final reaming
of the hole. Two areas of high closure between 280 and
288 m occupy 2-3 m lengths of the hole and are bounded
by transition zones of 1-2 m intervals. Below this is
a region of variable closure rate in which there are
small 0.5 to 1 m intervals of moderate closure, ex-
tending to the bottom of the hole.

Typical closure characteristics recognized in BHC
2 (Fig. 4) suggest that there is a marked region of
increased closure at a depth of 289-302 m. Within this
zone the closure rate is variable but occurring in a
reqular pattern as four zones of very high closure
(1-2 m wide) at 3 m intervals with lower closure be-
tween. Below 302 m a zone of low closure occurs, be-
coming more variable towards 318 m, where a progres-
sive increase begins, extending to a region of high
closure below 322 m. No closure measurements were
made in the bottom 20 m of the hole, that is below
325 m,

FABRIC TRANSITIONS

The general pattern of e-axis variation down the
cores is depicted in Figure 2, and is similar to that
described by Russell-Head and Budd (1979) from holes
drilled up-stream from BHC 1 and BHC 2, In the upper
levels of the ice cap a near-random fabric gradually
concentrates toward a small circle girdle with in-
creasing depth. An asymmetric fabric forming a par-
tial girdle then develops at about 90 m which concen-
trates to a vertical, single-point maximum extending
to 230 m in BHC 1 and 250 m in BHC 2. Below these
depths the ice develops a multi-maxima fabric which
persists through the areas of high and variable clos-
ure illustrated in Figures 3 and 4. At the start of
the high-closure regions in both BHC 1 and BHC 2 the
ice has a large crystal size (Fig. 5). Such crystal
sizes and fabrics persist to the base of the ice
sheet in BHC 1. In BHC 2 a zone of multi-maxima and
variable fabrics (Fig. 4) is recognized to 302 m, be-
low which the grain-size decreased dramatically and
the grain c-axes concentrate to a near-vertical
orientation (as at 305.3 m). The ice in the zone of
the irregular closure at 315.0 m is intermediate be-
tween the small grain-size ice with strong vertical
c-axis concentration (305.3 m) and the large grain-
size multiple-maxima ice from the region of very high
closure below (326.3 m). At 315.0 m, many grains are
larger than at 305.3 m, however, they do not have
stable grain boundaries as at 326.3 m, they have
serrated and irregular boundaries, and show strong
deformation features. The fabric also appears to be
intermediate as there are two strong concentrations
of c-axes close to the vertical, but a concentration
of grains with e-axes at a high angle to the vertical
is also present.

Near the base of BHC 1, where the closure is mod-
erate to high, variable multiple-maxima type fabrics
occur (Fig. 3). The maximum concentrations tend to
form a diamond type pattern (280.2, 293.8, 286.8,
296.2 m), though in some cases a partial diamond pat-
tern may exist with grains of other orientations
(294.9, 298.3 m). The only markedly different fabric
in the measured sections comes from the peak of a
high-closure zone at 282.1 m, where a much greater
concentration of sub-horizontal e-axes exists. In the
zone of variable closure (293.4-298.3 m), the fabrics
(on the right-hand side in Fig. 3), are variable and
in some cases show more scattered concentrations of
the grain c-axes (193.8, 294.9 m).

A plot of all e-axes measured in BHC 1 over the
interval 279 m to 300 m, using bubble elongation di-
rection as a reference, clearly illustrates a small-
circle girdle concentration centred on the bubble
elongation direction (Fig. 3). The axis of the small
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circle is inclined 60° to the direction of flow, with
c-axes outside the girdle tending to 1ie along the
bubble elongation in an "up-stream" direction. There
is an obvious lack of grains with c-axes oriented
across the ice-sheet flow direction.

In BHC 2 there is a clear demarcation between fab-
rics that correspond to zones of high closure and
those corresponding to zones of low closure (Fig. 4).
The high-closure zones invariably show a high con-
centration of sub-horizontal or gently plunging e-axes,
together with occasional e-axis clusters oriented at a
high angle to the flow plane, Multi-maxima diamond
fabrics with the e-axes falling within the small-
circle girdle, as seen in BHC 1 (Fig. 3) are not found
in these regions of high closure. In contrast, the
low-closure zones show discrete steep plunging c-axis
concentrations with minor sub-horizontal e-axis con-
centrations (e.g. 289.3, 292.0, 292.5, 295.0, 296.2,
298.1 m).

The difference in grain orientations between high
and low closure zones can easily be seen in Figure 6.
Figure 6a shows the total plot of all grains measured
in high-closure zones. Most of the grains are oriented
sub-horizontally, and appear to lie on a small-circle
girdle centred on the flow direction. In Figure 6b,
from the zones of low closure, although a clear girdle
pattern has not developed, there is a strong concen-
tration of the grain c-axes toward the vertical.

MICROSTRUCTURAL CHARACTERISTICS

Horizomtal seetions in flow plane

Local variations in the closure rate are commonly
found related to variations in grain-size and struc-
ture. In the multiple-maxima ice at the base of BHC 1,
zones of higher and lower closure are typically char-
acterized by different grain structures (Fig. 6). In a
high-closure zone, the grains are strongly interlock-
ing with irregular and serrated grain boundaries (Fig.
5a,e). In comparison the grains found in a a Tow-
closure zone have a more regular shape, a much larger
maximum grain-size, and have gently curved boundaries
(Fig. 5b,f). Deformation features such as undulatory
extinction and deformation bands, and strong bubble
elongation are present throughout this region of the
core, In BHC 2, the microstructural changes (Fig. 5c,
d) are similar to those of BHC 1,

Vertical sections across the flow plane parallel to
bubble elongations

The vertical sections display a grain-size con-
trast between zones of high (Fig. 5g) and low closure
(Fig. 5h). In the low-closure zones, grains tend to
be tabular with the long dimension oriented parallel
to the flow plane (Fig. 5h), whereas in the high-
closure zones, grains show little elongation, are
irregular and interlocking with deformation bands.

As the c-axes of many grains are contained within
the plane of the vertical section, these sections
have the advantage that they intersect the basal plane
at a high angle. As a consequence, crystallographic-
ally controlled deformation features such as deform-
ation lamellae and deformation bands (Fig. 7a, b) be-
come more apparent than in the corresponding hori-
zontal section. These features are particularly ob-
vious in the major area of closure in BHC 2 (289-
302 m) and in the large grains associated with lower
closure zones. Another feature developed in these
grains is a blocky extinction pattern (Fig. 7c), which
is a result of a deformation band being terminated by
a microfracture (Fig. 7c) sub-parallel to the basal
deformation lamellae. This produces local lattice
bending across a small portion of the grain. The ex-
pression of this deformation feature in the horizon-
tal section is rippled extinction (Fig. 5d) where
small distinct areas of the grain have different ex-
tinction.
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Fig. 5. Ice-grain structuwres, with bar scale shown., The sections from high and intermediate closwre
sones are on the left. (a) horizontal asection in BHC 1 at 282.1 m, (b) horizontal section in BHC 1
at 278.9 m, (e) horizontal section in BHC 2 at 297.7 m, (d) horizontal sectiom in BHC 2 at 289.0 m

(e) horizontal section im BHC 1 at 298.3 m with corresponding vertical section (g), (f) horiaontal’

section in BHC 1 at 290.0 m with corresponding vertical section (h).
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Fig. 6. Summary of e-axis patternms within the high cleswe interval, 289-302 m in BHC 8. (a) zones of
high closure, (b) zones of low elosure, (e) total e-ares measured between 289-302 m,_which inel udes
data collected between the high and low closwre zones. The total plots are .altgrred with reference
to the bubble elongation and the known elongation of a seribe mark on the ice core.
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DISCUSSION

This study supports the idea (Gow, 1963, 1970;
Paterson, 1977) that bore-hole closure in ice masses
is a result of plastic flow in a pure shear environ-
ment and is attributable to overburden pressure. It
also confirms the observation of Gow (1963) that clo-
sure rate is dependent on depth. In BHC 1 and BHC 2
the pattern of closure rate is condiderably less
reqular than that described by Gow (1963) and was only
observed below 250 m, whereas Gow's closure began at
about 150 m and increased to the base of the hole at
309 m. The measured strain-rates were two orders of
magnitude higher in zones of high closure near the
base of the Law Dome, being 1.12 x 107® s~! at 282 m
in BHC 1 and 1,54 x 107® s™! at 325 m in BHC 2 measured
after less than two days, compared to Gow's results
at 305 m ranging from 6.3 x 1079 s~! after one year,
to 2.8 x 1078 s71 after four years. Another difference
with previous published results of closure in Antarc-
tic ice is that the temperatures in the Byrd hole were
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Micrographs of deformation features in wertical thin sections of ice from 282.1 m in BHC 1.
(a) Deformation lamellae (A) in fowr separate gruins. (b) Deformation lamellae (A) and parallel
microfractuwres (B) perpendicular to bubble trace (C) along a deformation band bowndary parallel to
the trace of the c-amis. Sub-horizontal bubble traces (D) are rehealed expansion cracks. (e) The
blocky extinction pattern produced by the deformation lamellae (A) and parallel micrefaults (B) with
grain misorientations across deformation band boundaries,

about -28°C, and the closure measurements were only
taken to 309 m in an ice sheet over 2 km thick. In
this hole the fabrics varied only slightly from a ran-
dom scatter, concentrating towards a small-circle
girdle at 309 m, In comparison the temperatures of the
thin ice sheet at the Law Dome varied from approxi-
mately -10°C at the surface to -1.0°C (BHC 1) and
-0.5°C (BHC 2) at the bottom of the holes, and a com-
plete progression of c-axis fabrics and structures
was found from a random fabric, through a small-
circle girdle and a fine-grained vertical single-
point maximum, to coarse-grained multiple-maxima fab-
rics near the base. Based on experimental data (e.g.
Mellor, 1980) the higher temperatures and the differ-
ent fabrics probably contribute to the much higher
strain-rates found in the Cape Folger ice.

Under the warm, shallow conditions found on the
Law Dome, areas of bore-hole closure are expressions
of the prevailing fabric (Figs 3 and 4). For example,
in BHC 2 (Fig. 4), section 305.3 lies within a zone
of Tow and fairly stable bore-hole closure rate. The
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ice has a fine grain-size and shows a concentration

of e-axes towards the vertical, that is, the basal
planes are aligned sub-horizontally. Ice with such a
fabric would be suitably oriented for a simple shear
deformation, but not for pure shear deformation.
Whereas much coarser-grained ice with a more scattered
multiple-maxima fabric, as found at 326.3 m, occurs

in zones of very high closure rate. The basal planes
in the latter ice would have more varied orientations,
50, assuming basal-plane glide is the dominant mechan-
ism of deformation, this ice would be more resistant
to flow by simple shear, but more susceptible to ver-
tical compression and lateral extension in a pure
shear environment as a result of overburden pressure.

Closure rate also varies within the zone of high
closure in BHC 2 between 289 and 302 m. This varia-
tion is cyclic (Fig. 4) having a wavelength of about
3 m. The regions of high and low closure correspond
to particular fabric types, indicating a domainal
structure within the ice. The ice in the zones of
Tower closure show multiple-maxima fabrics distribu-
ted around the vertical, whereas there is a greater
concentration of ¢-axes towards the horizontal in
zones of higher closure.

The concept of regions of domainal fabric in nat-
urally occurring materials has been discussed by
numerous authors. Turner and Weiss (1963, p. 20-21)
and Hobbs (1966, p. 699) have suggested that hetero-
geneities of stress may develop on a small scale,
during the homogeneous deformation of a solid body,
resulting in variation in fabric and structure. Such
domainal fabric variation on a microscale has been
described in deformed metamorphic rocks by Hobbs (1966)
and also by Sander (1970, p. 403-13). Although on a
vastly different scale the domainal fabrics and struc-
tures in the high-closure zone in BHC 2 are similar
to those seen in quartzites. For example, the Rensen-
spitze quartzite (Sander, 1970, plate 11b, p. 637)
shows a strongly domainal fabric pattern. Layers with
¢-axes concentrated as maxima on a small-circle girdle
perpendicular to the foliation. An analogous variation
in fabrics is found in the ice between 289 and 302 m
in BHC 2 where the pattern of sub-horizontally orien-
ted grains in the higher-closure zones is equivalent
to the c-axes oriented perpendicular to the folia-
tion in Sander's quartzite, but is more scattered in
the ice. Again there appears to be a similar relation-
ship between the grain-size and the periodicity of the
fabric change. In forty traverses taken across plate
11b (Sander, 1970, p. 637), an average of 23.6 grain
boundaries were crossed between the centres of layers
of similar fabric. The periodicity of a similar change
in the glacier ice was a little under 3 m, so to cross
an equivalent number of grain boundaries would require
grains with an average size of 12.7 cm. The average
grain-size in this ice, calculated by the mean linear
intercept method (Pickering, 1976) is lower, in the
order of 2-3 cm, however the maximum grain-size in
many sections is larger than 12.6 ecm. The difference
between the measured ice grain-size and that expected
may be attributable to minor irregularities counted
in the boundaries of ice grains which are not vis-
ible in the quartz AVA diagram, and also to the
highly interlocking nature of the ice which would tend
to decrease the average grain-size measured.

It is well recognized (Bouchez and others, 1983;
Wilson, 1979) that there are analogies between the
physical behaviour and the development of microfabrics
in ice and quartz. Another study that has a bearing
on the origin of the domainal structure in BHC 2 is
the study of Celma (1982) who finds a crossed two-
girdle total fabric (in a plane perpendicular to the
foliation) similar to that obtained by Ramsauer, (in
Sander, 1970). On the basis of the fabrics and the
microstructure, Celma (1982) divides the mylonite in-
to three domainal types, with grain c-axes oriented
in the two girdles, and also at the centre of the
diagram. The presence of all three domains is de-
pendent on the amount of shear deformation under-
gone by the sample (Celma, 1982, p, 446) and that
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with increasing shear strains, one of the girdles
disappears. Hudleston (1977) shows a similar change
across a shear zone in ice from the Barnes Ice Cap.
In the centre of the shear zone however, where the
strain is much greater, the e-axes concentrated to
a vertical single-point maximum. So the extent of
development of the domainal structures may depend on
the shear strain. Under very high shear strain, the
material may lose its inhomogeneities of structure
and fabric, adopting a single-point e-axis fabric.
In BHC 2 the region of high closure (289-302 m)
occurs between two zones of very low closure, which
contain fine-grained ice with a vertical single-
maximum fabric undergoing simple shear (unpublished
data of A.P. McCray). The higher closure zone con-
taining the larger crystal size is subjected to less
simple-shear deformation which may allow the local
development of stress heterogeneities and the sub-
sequent development of domainal structures and fab-
rics.

Another factor which may effect the development
of the ec-axis fabrics is the bedrock topography.
BHC 2 is drilled in a bedrock hollow, 50 m deeper than
BHC 1 and 250 m down-stream, Oxygen-isotope studies
(unpublished data of A.P. McCray) suggest that there
has been a component of vertical stretching of the
ice column in BHC 2. This also accounts for the dif-
ference in depth where there is a change of ice types
from fine-grained single-maximum to large-grained
multiple-maxima, occurring at 230 m in BHC 1 and at
250 m in BHC 2. Perhaps this vertical stretching of
the ice could change the stresses and so the fabrics
within the glacier.

CONCLUSIONS

Measurements of the bore-hole diameter with depth
through two bore holes on the Law Dome, Antarctica,
and subsequent measurements of the c-axis fabrics at
selected depths indicate that the closure rate is
highly variable and is closely related to the e-axis
fabric of the ice. The main features relating fabric
to closure rate have become apparent:

1. A single-point vertical concentration of c-axes
in fine-grained ice produces very low and stable
closure rates.

2. Large-grain multiple-maxima ice undergoes much
higher and more variable closure. Within this ice
are two types of fabric/closure relationships:

(a) grains concentrating in a diamond pattern near
the vertical result in a lower closure.

(b) grains with c-axes concentrating towards the
sub-horizontal at a low angle to the flow direc-
tion result in higher closure. Transition in fab-
ric and closure are found between these different
types of ice,

3. At the base of the ice sheet in BHC 1, the mul-
tiple-maxima fabrics in the zone of high closure
tend to lie within a small-circle girdle. The
grains within the girdle show substantial deforma-
tion features, including deformation bands, de-
formation lamellae, and irreqular extinction,
whereas the grains oriented outside the girdle
show few or no deformation features. This differ-
ence may result from the grains within the girdle
being more deformed as they are much older and
more stable under the long-term stress conditions,
whereas the relatively undeformed grains outside
the girdle are younger and exist only briefly as
a result of local inhomogeneities of the stress.
Another explanation may be that the amount of
deformation undergone by any grain is a function
of its orientation within the existing stress
field.
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4. In the zone of high closure (289-302 m) in
BHC 2, more varied fabrics and grain structures
occur in a cyclic or domainal distribution patt-
ern, so a small-circle girdle does not develop
in the total fabric plot.

5. The domainal ¢-axis fabric patterns are formed
by the development of inhomogeneities of the
shear stress in a similar manner to that described
on a small scale in naturally occuring shear zones
in rocks.
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