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Abstract Simple experiments have been conducted to
study the strain evolution in lava dome cross sections.
A viscous fluid is injected vertically from areservoir in-
to a feeding conduit. Silicone putty is used as analogue
magma. Two-dimensional experiments allow the assess-
ment of the internal strain within the dome. Particle
paths are symmetrical on either side of a centra line
passing through the feeding conduit and display para-
bolic trgjectories. The highest strain zone is located
above the extrusion zone. In cross sections, stretch tra-
jectories show aremarkable concentric pattern, wrapping
around the extrusion zone of the analogue magma. To
the lateral margins, a triple junction of stretch trajecto-
ries defines an isotropic point in the strain field. In the
main central part of the dome, an intermediate zone of
reversed sense of shearing is caused by a change in the
sign of the velocity gradient with respect to that in the
upper and lower zones. Knowledge of this evolving
strain pattern can provide a better understanding of the
evolution of natural domes. Also, it can help to unravel
the kinematic history of ancient domes partly removed
by erosion.
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Introduction

Studies of dome growth are abundant (e.g. Williams
1932; Christiansen and Lipman 1966; Cole 1970;
Huppert et a. 1982; Murase et al. 1985; Fink and
Manley 1987; Swanson et al. 1987; Anderson and
Fink 1990; Duffield and Dalrymple 1990; Swanson and
Holcomb 1990; Dadd 1992; Miller 1994; Fink and
Bridges 1995; Nakada et al. 1995). These mostly deal
with the mechanical aspects of lava dome emplacement.
These studies have brought much information about the
evolution of height vs. diameter, flow vs. extrusion rate,
and the rheology of the magma during emplacement,
which constitute an invaluable source of data.

Huppert et al. (1982) were the first to present ana-
logue models concerning lava dome growth. They used
a simple Newtonian fluid flowing radialy under its
own hydrostatic pressure on a horizontal surface. They
compared experimental results with the growth of the
St Vincent Soufriere dome.

Over the past decade, several studies have described
experiments of lava domes. Blake (1990) introduced
non-Newtonian effects using Bingham slurries of kaolin
and water. According to observed changes in aspect
ratios, Blake proposed four classes of domes: upheaved
plugs, pelean, low and coulee.

Experiments using kaolin slurry injected in to cold
water (Griffiths and Fink 1993, 1997) or gum resin
(Lejeune 1995) have allowed a better understanding of the
cooling effect on lava dome evolution. Fink and Bridges
(1995) emplaced polyethylene glycol (PEG) wax into cold
sucrose to study the impact of eruption history and cool-
ing rate on lava dome growth. These studies have dealt
with the geometrical aspects of domes, including the evo-
[ution of the height/diameter ratio with time and the vary-
ing textures at the surface of the dome during cooling.
They have stressed the physical constraints leading to
dome collapse and explosion, and have investigated their
consequences on the dynamics of eruptive processes.

Field data on the evolving strain within endogenous
lava domes are scarce. This is mainly for two reasons:
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Table 1 List of experiments

carried out in this study Exe%i:ri - Type I(E(;‘:T;J?’sih(zr;)rate (Dhl)Jrati on Marker type Material
1 3-D 0.26 80 Tinted wood particles Transparent silicone
2 3-D 0.54 725 Tinted wood particles Transparent silicone
3 3-D 0.78 60 Tinted wood particles Transparent silicone
4 3-D 1.04 60 Tinted wood particles Transparent silicone
5 3-D 1.30 55 Tinted wood particles Transparent silicone
6 2-D 0.26 80 Tinted wood particles Transparent silicone
7 2-D 1.30 56 Tinted wood particles Transparent silicone
8 2-D 0.26 80 Tinted wood particles Transparent silicone
Non-lubricated walls

9 2-D 0.26 80.5 Small coloured sticks Transparent silicone

10 2-D 2.6 53 Small coloured sticks Transparent silicone

11 2-D 2.6 7 5-mm grid Pink silicone

12 2-D 2.6 7.75 5-mm grid Pink silicone

13 2-D 2.6 22 5-mm grid Pink silicone

14 2-D 2.6 75 5-mm grid Pink silicone

15 2-D 2.6 7 5-mm grid Pink silicone

16 2-D 2.6 7 3-mm grid Pink silicone

17 2-D 2.6 6 3-mm grid Pink silicone

18 2-D 2.6 7.75 3-mm grid Pink silicone

19 2-D 2.6 8 3-mm grid Pink silicone

20 3-D 2.6 23.25 3- and 5-mm grid Pink silicone

21 2-D 0.26 46 3-mm grid Pink silicone

either the dome was active and direct observations of the
deforming interior was not possible or the dome was
cooled and erosion reveals only the final stage of defor-
mation. Thisiswhy little is known about their overall in-
ternal strain.

To address this question, simple experiments have
been conducted with a viscous fluid, injected vertically
and flowing on a rigid planar base. The scaled models
reveal the internal strain patterns that can be expected in
viscous endogenous domes. They make it possible to de-
termine particle paths, velocity gradients, sense of shear-
ing and the attitude of the flattening plane.

Experimental procedure

In our experiments, silicone is poured into a reservoir
and simulates viscous magma (Fig. 1). Pushed up by a
piston, the silicone is vertically extruded through a feed-
ing conduit of 6 mm in diameter and flows on a rigid
planar base. The velocity of the piston is governed by a
computer-controlled stepper motor and the silicone
comes out of the feeding conduit at a rate ranging from
0.26-2.6 cm3 h-1 (Table 1).

In three-dimensional experiments, the silicone spreads
radially onto a horizontal base exhibiting a symmetrical
deformation pattern around an axis corresponding to the
feeding conduit.

In two-dimensional experiments, the viscous fluid is
confined between two walls of glass 6 mm apart corre-
sponding to the width of the feeding conduit. These 2-D
models make it possible to study internal strain and
motion. When using transparent silicone, particle paths
within the dome are followed by the means of small
elongated pieces of wood previously incorporated into
the reservoir. When using pink silicone, a square grid of

Fig. 1 Experimental device — the feeding conduit is 6 mm wide

carbon is printed on the lateral side once the extruding
silicone has risen up enough to exhibit an hemi-elliptical
shape of afew centimetres high (i.e. 5 or 6 h after the be-
ginning of the experiment; Fig. 2b, c). The grid is em-
placed by removing one of the two walls for a few sec-
onds. At the same time, the glass is lubricated with a
soap mixture in order to avoid boundary effects. The lu-
bricated walls cause the silicone to glide freely and no
boundary effect was observed. Because of this experi-
mental procedure, two-dimensional experiments only
reveal the evolution of mature domes because the first
stages of deformation cannot be investigated.

During experiments, successive photographs of the
deforming grid or particle trajectories are taken through



Tem

Fig. 2a—c Photographs of two-dimensional experiments. a, b Ex-
periment 15 at an injection rate of 2.6 cm3 h1. The deformation
(bottom) of initially undeformed square grid (top) allows compu-
tation of strain anywhere in the model except in the lower central
zone of newly injected material. ¢ Deformation of a grid with
smaller square and circle elements in experiment 21 after a dura-
tion of 41 h, 30 min after grid emplacement.

the glass to follow the evolving strain pattern. Experi-
ments have been conducted at room temperature and
have lasted from 6 to 80 h.

Our experiments are intended to be geometrically,
kinematically and dynamically similar to natural domes
(Hubbert 1937; Ramberg 1981; Merle and Borgia 1996).
As the model uses an isothermal Newtonian fluid, the
only criterion that is relevant for justifying the experi-
ments as analogues of the volcanic flows is that the
Reynolds numbers are small in both cases. The Reynolds
number is:

Re =p HR /ut

where H and R are the height and the radius of the dome.

The Reynolds number varies from 109 to 1011 in ex-
periments and is about 5x10-11 in nature. These very
small values (Re <<1) indicate that inertial forces are
negligible with respect to viscous forces both in nature
and experiments.

To be sure that 2-D experiments, despite the lubrica-
tion procedure, do not show the pattern of deformation in
a dot flow, we have compared the evolution of the height
in experiments with that expected in a slot according to
theoretical equations (Blake, personal communication).
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Fig. 3 Height versus time in a slot and in 2-D experiments with
a lubricated and b non-lubricated walls. Squares and triangles
represent experimental data in lubricated and non-lubricated ex-
periments 6 and 8, respectively. Solid line is the height evolution
in aslot according to the theoretical equation

Inasdlot flow, the height isgiven by :
H= (q°u/pgLl?)' /3

where L is the width of the slot and q the flow rate per
unit width.

Figure 3a shows that the height in a slot is continu-
oudly increasing whereas it is asymptotic to an upper
value in experiments. On the other hand, when non-
lubricated walls are used in control experiments, the
height does continuously increase (Fig. 3b).

Relevance of experiments using
an isothermal Newtonian fluid

As pointed out by many authors (Blake 1990; Griffiths
and Fink 1993; Fink and Bridges 1995; Griffiths and
Fink 1997), the magmain natural domes does not behave
as a Newtonian fluid and is best described as a tempera-
ture-dependent Bingham material with a yield stress t.
Thisis why recent experiments on lava domes have used
sophisticated apparatus with Bingham slurries in order to
determine the effect of the yield stress on magma behav-
iour (Blake 1990; Griffiths and Fink 1997).
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The goal of this paper is to investigate internal strain
during the dome growth, which is mainly the attitude of
the flattening plane, the sense of shear, the particle path
and the velocity gradient as observed in cross section. A
few studies have shown particle path and deformation
observed at the surface of the dome (Blake 1990), but we
are not aware of data about internal strain in cross sec-
tion deduced from numerical or experimental analyses.
Studying deformation within the dome needs to use a
different experimental procedure where the strain pattern
could be observed and followed with time from square
grids emplaced upon the analogue material in section. To
do so, we had to return to the simplest material because
such a procedure can be done with isothermal Newtonian
fluids as silicone putty and not with Bingham slurries.
These experiments should be considered as a preliminary
approach to studying internal strain within a dome and
the results should be handled with care.

However, it is doubtless that previous studies using
Newtonian isothermal fluids and that have been devoted
to mechanical aspects of lava dome emplacement have
led to a better understanding of these volcanic flows (i.e.
Huppert et al. 1982; Fink and Griffith 1990). Starting
from scratch (or nearly so), scale modelling of the strain
pattern in vertical cross sections using a Newtonian fluid
is likely to give a basic estimate of the evolving internal
strain within a dome, which will be refined when more
appropriate experimental procedures will be imple-
mented.

It is interesting to evaluate if the dome shape evolu-
tion in our model matches that observed in nature. To
verify this point, diameters have been measured either
directly during the dome growth or later from photos
taken during the experiment.

Results may first be compared with the St Vincent
Soufriére dome. Huppert et al. (1982) gave an empirical
relation between the dome radius (R) and time (t) based
on natural observations during the growth of this dome

(Fig. 4):
R = 0.05179-380

This equation reveals a radius evolution, which is similar
to that observed in experiments at high injection rates
(0.78 and 1.04 cmd/h; Fig. 4).

We believe significant that the diameter evolution in
experiments fits that observed in nature. This strongly
suggests that displacement and motion of silicone within
the scaled models are similar to the overal flow of
magma in a natural dome. If this hypothesis is correct,
strain pattern resulting from particle paths in experi-
mentsis likely to be close to internal strain in nature.

However, our experiments do not incorporate an up-
per solidified crust because of the cooling down of the
fresh magma at the surface. Such a crust may modify the
strain pattern in the vicinity of the upper rigid boundary
where shear stresses should act along the contact. This
other limitation of the model must be kept in mind when
comparing experimental results with natural observa-
tions.

Diameter (mm)

0 10 20 30 40 50 &C
Duration (hours)

Fig. 4 Diameter of dome versus duration of experiments in 3-D
models. Data for experiments at a rate of injection of 0.78 cm3 h-1
(crosses experiment 3) and 1.04 cm3 h-1 (circles experiment 4) fit
the empirical curve derived by Huppert et a. (1982) from natural
data at the dome of St Vincent Soufriere (solid line)

Particle paths

Particle paths are reconstructed both from the motion of
small pieces of sugar or wood embedded into the trans-
parent silicone and from the motion of each node of the
square grid emplaced on the surface of the pink silicone.

On a map view (Fig. 5a), trajectories are radial, re-
gardless of the vertical position of the particles within
the dome. Varying the injection rates does not change
this radial pattern of displacement, already observed in
experiments using Bingham materials (Blake 1990).
Once a given particle reaches the front, it becomes in-
volved in the rolling of the upper free surface, which is
the typical motion of spreading materials already de-
scribed in experiments on nappe tectonics (Bucher 1956;
Merle 1986) or lava flows (Merle 1998).

In vertical cross sections, trgjectories are parabolic
and symmetric on both sides of a vertical line located
above the feeding conduit. Two types of particle paths
can be described according to the position of the particle
within the feeding conduit at the time when they are ver-
tically extruded (Fig. 5b, c). Particles extruded from the
lateral sides of the feeding conduit exhibit a slight rising
trajectory, which subsequently becomes nearly horizon-
tal or even downward as particles move towards the
dome margin. In a way similar to observations at the
upper free surface, particles move down when approach-
ing the marginsto be involved in the fronta rolling.

In contrast, particles extruded from the central part of
the feeding conduit exhibit first a strong vertical compo-
nent of motion. In this zone, particles move faster than
those previously considered. Vertical motion of the parti-
cles and the vertical and lateral extent of this area in-
creases with the injection rate.

The strong vertical component of motion in the central
zone must be aresult of the injection force, which locally
overcomes the gravity force. The lower peripheral area,
which reveals nearly horizontal or down-going move-
ments, would be mainly dominated by gravity.



Fig. 5a, b Pattern of displace-
ment. a Top view showing
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Fig. 6a—d Displacement maps obtained from the deformed grid of
experiments at 2.6 cm3 h-1. a Top view showing radial translation
vectors after 7 h of injection in experiment 20. b, ¢ Vertical sec-
tions showing the horizontal (top) and vertical (bottom) compo-
nents of displacements after 270 min of injection in experiment
15. d Conceptua sketch showing the shape evolution from juve-
nile to mature dome. The central zone is dominated by the injec-
tion force whereas the lateral sides are gravity induced
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Displacement

Displacement vectors through time (XZ, X and Z), can
be calculated for each node of the square grid from suc-
cessive photos taken during experiments. Different maps
corresponding to successive stages of deformation can
be drawn where the total displacement vector as well as
its horizontal and vertical components are visualised
with different colours. Small bars parallel to the flow di-
rection and that have a length proportional to the magni-
tude of displacement are added to some individual
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points. Iso-displacement curves also can been drawn.
Because the time between each photo is known, it is easy
to calculate the velocity in any part of the dome between
two intervals of time.

Total displacements for our experiments are repre-
sented in plan-view, in colours varying from yellow to
red according to the displacement increase (Fig. 6a). In
cross section, the origin is located at the base and centre
of the model. For horizontal displacement maps, blue
and red colours correspond to left- and right-directed
displacement, respectively (Fig. 6b). Similarly, for verti-
cal displacement maps, downward and upward move-
ments are blue and red, respectively. Yellow indicates
motionless areas (Fig. 6¢).

Plan-view displacement vector maps confirm both
that radial displacements occur with time and that veloc-
ities decrease from the vent to the margins of the dome
(Fig. 6a). In vertical cross sections, horizontal displace-
ment maps show the remarkable symmetry of particle
paths on both sides of a vertical line of no displacement
located above the feeding conduit (Fig. 6b). This pattern
remains unchanged whatever the effusion rate.

Vertical displacement maps in cross sections confirm
the interpretation inferred from the particle paths: a cen-
tral zone where the material moves upwards and the lat-
eral zones, symmetrical on either sides of the central
one, where the material moves downwards (Fig. 6c).
Between these two domains, aline can be drawn with no
vertica motion. These observations, which confirm
earlier assumptions (e.g. Fink 1978), are consistent with
the fact that the central zone results from the competition
between gravity and vertical injection whereas the sur-
rounding domain is gravity induced.

A tempora analysis has been carried out comparing
maps for successive stages of deformation. This analysis
shows that, once the lateral zone develops, the shape of
the central zone remains unchanged and does not evolve
any more. This makes it possible to distinguish two
stages in a dome's formation. A dome can be termed
juvenile as long as the central zone has not taken its
efinitive shape. A dome becomes mature once the central
zone has achieved a stable configuration and is sur-
rounded by a growing gravity domain (Fig. 6d).

Velocity gradients and shear senses

Velocity vectors in cross sections can be obtained from
the deformed grids. Displacement vectors of each node
of the deformed grid are recorded from successive
photos taken during experiments. Because the interval of
time is the same for all displacement vectors, we can
calculate velocities throughout the model for different
stages of deformation. Each velocity vector can be split
into its horizontal and vertical components.

The velocity vectors allow three different zones in
the dome to be distinguished (Fig. 7a). In zone 3, the
velocity vectors are similar to those usually observed in
materials spreading under their own weight and where

Tem

c Feeding conduit

Fig. 7a— Velocity gradients and shear senses in vertical sections
as deduced from experiment 15, 270 min after grid emplacement.
a Vertical velocity profiles. b Representation of the vertical com-
ponents of velocity vectors. Deviation to the right and left from
the initially vertical line indicate up-going and down-going verti-
cal movement, respectively. ¢ Vertical profiles for the horizontal
component of velocity vectors and the resulting distribution of
shear senses within the dome

displacement occurs with a coherent contact allowing no
dlip along the base. Velocity is zero at the base and in-
creases toward the upper free surface of the dome. In
contrast, in zone 1 located above the feeding conduit, the
velocity is maximum at the base and decreases to zero at
the upper free surface. These two domains are separated
by a transitional zone (zone 2 on Fig. 7a) where the
velocity vectors reveal a shape of a semi-amphora. The
velocity is zero at the base of the model and increases
until reaching a maximal value in the dome interior.
Then, it decreases to a minimum value before increasing
again to the upper free surface (Fig. 7a).

The injection force is balanced by gravity throughout
the model producing this change in velocity pattern from
zone 1 to 3. This is characterised by the appearance of
a low velocity area just below the top free surface of
the dome. This area of low velocity can be interpreted as



the place where the effects caused by gravity (sinking
movement) and injection (rising movement) are in equi-
librium. As expected, vertical motion is negligible in this
area (Fig. 7b) where horizontal displacements prevail.

Along a set of selected vertical profiles, two lines can
be defined from the vertical components of velocity vec-
tors: aline of no vertical displacement and aline of max-
imum rising vertical velocity (Fig. 7b). Above the line of
no vertical displacement, al particles move down be-
cause of the prominent effect of gravity. Below the line
of maximum velocity, ascending material shows the
prominent effect of injection. Between both, an interme-
diate zone undergoes rising motion, but with decreasing
velocity (compare with Fig. 6¢). This merely indicates
that gravity progressively overcomes injection to cause
rapid slowing down of the ascending particles (Fig. 7b).

Vertical velocity profiles obtained from the horizontal
component of velocity enable us to determine the distribu-
tion of horizontal shearing deformation throughout the
dome (Fig. 7c). On both sides of a vertical zone passing
through the aperture, these velocity profiles reveal a
central area with an inward sense of shear sandwiched by
outward senses of shear. This change in the sense of shear
merely results from a change in the sign of the velocity
gradient with respect to the lower and upper zones.

Two lines of no shear strain constitute the upper and
lower boundaries of this intermediate domain of reverse
shearing sense. Towards the dome margins, the vertical
velocity profile is concave, revealing an outward sense
of shearing from bottom to top.

Stretch trajectories and strain intensity

Internal strain within the dome is reconstructed from the
deformation of the square grid placed on the silicone. As
the grid is made of circlesinscribed in squares, strain can
be computed both from deformed squares and deformed
circles (see Fig. 2¢).

Circles are transformed into elliptical shapes, which
indicate the long axis (A;) of the strain ellipse (Fig. 8a).
This principal axis should correspond to the attitude of
flattening planes in vertical cross sections. This aso en-
ables us to determine the strain intensity throughout the
model (Fig. 8b). Likewise, deformation of vertical and
horizontal lines of the square grid makes it possible to
reveal the strain pattern (Fig. 8c). Both methods reveal a
similar strain pattern.

Horizontal lines are strongly bent upward in the cen-
tre of the dome and slightly downward towards the two
margins. This is consistent with rising movement above
the feeding conduit and sinking movement at the margin.
This overall change in vertical motion within the model
creates a component of vertical shear strain (Fig. 8c).

Stretch trajectories reveal a remarkable concentric
stretching pattern in the central part. On either side of
this concentric stretching zone, the triple junction be-
tween stretch trajectories defines an isotropic point in the
strain field (Brun 1983; Fig. 8a).
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Fig. 8a—c Strain pattern from experiment 15 as deduced 270 min
after grid emplacement. a Attitude of flattening planes. b Strain
intensity. ¢ Deformation of horizontal and vertical lines

The deformed grid from bottom to top above the feed-
ing conduit reveals that the strain approximates pure
shear (corresponding to vertical shortening and horizon-
tal lengthening) because rectilinear lines of the initial
grid remain nearly perpendicular after deformation
(Figs. 7c and 8c). Away from this narrow central zone,
the strain is a complex combination of simple shear and
pure shear components (Fig. 8c).

The highest strain zone is located above the feeding
conduit and matches the zone of maximum velocity and
displacement. The strain decreases from this lower cen-
tral zone, both to the upper free surface and the lateral
sides of the model (Fig. 8b).

Natural examples

Data on internal strain in vertical cross sections of natu-
ral examples are relatively scarce as the interior of a de-
forming dome is not accessible to direct observations. To
get strain data in natural examples, old domes partly re-
moved by erosion must be studied. Again, vertical cross



370

c

Fig. 9a—d Natural examples. a Concentric structures in a dome
of Lipari Island (photography in Williams and McBirney 1979).
b Concentric structure in the Mono-iwa dacitic dome on the
Rebun Island in Japan (from Goto and Macphie 1998). ¢, d Map
view and cross section of the concentric structure in a phonolitic
dome of the French Massif Central (from Varet 1971)

sections are not very abundant explaining the lack of de-
tailed strain analysis.

There are a few locations around the world where
good exposures allow a comparison with the trajectories
of the flattening plane observed in experiments. Some of
these are the Raker Peak of Lassen Volcanic National
Park in California (Macdonald 1972), domes in the
French Massif Central (Varet 1971), domes on the Lipari
Island in Italy (William and MacBirney 1979; Cas and
Wright 1987) and the Mono-lwa dome on the Hokkaido
Island in Japan (Goto and Macphie 1998).

All authors have described a well-defined concentric
planar structure in vertical sections of the domes (Fig. 9).
There is not complete agreement among these authors
about the significance of this concentric structure, but itis
always described as a banding that pre-dates the cooling
of the domes because it is frequently cross cut by well-
identified prismatic columns. The concentric structure is
then considered as being generated during the emplace-
ment of the dome (e.g. Varet 1971; MacDonald 1972;
Williams and McBirney 1979). In some cases, the flow
lines in the dome are reconstructed as being perpendicu-
lar to the concentric planar structure (Fig. 9; Varet 1971).

50 m

Massive core

In amore recent study, it has been demonstrated from
adetailed analysis of microshear zones and crystal align-
ments that the banding observed in a Japanese domeis a
plane of flattening. This flattening plane has a dome-like
distribution analogue to the concentric planar structure
observed in other domes.

Experiments shown in this paper confirm this inter-
pretation. The deformed grids revea that the flattening
plane is concentric and matches the concentric planar
structure described in natural domes. Because the distri-
bution of the flattening plane in experiments merely
results from particle paths that are parabolic and sym-
metric on both sides of a vertical line located above the
feeding conduit, it is argued that the concentric planar
structure in natural domes results from a similar process.

A study of the Hradiste dome in Bohemia has
revedled inward senses of horizontal shear, which are
opposite on both flanks of the dome (see Fig. 7 in
Jancuskova et a. 1992). This was interpreted as resulting
from successive intrusions of sheets of trachyte magma.
From our experimental study, an aternative interpretation
may be proposed in which inward shear senses are caused
by vertical velocity gradients during dome growth.

Further qualitative and quantitative field studies are
needed to make a useful comparison between nature and
experiments because there is not enough data concerning
strain intensities, strain regimes or shear senses within
natural domes. Experimental results provided herein
should be seen as a first proposition to be confirmed in
the field or by theoretical studies.



Conclusion

The main results of this experimental study on strain in
lava dome are as follows:

1. The overall geometry for a mature dome results from
the balance between injection, which forces upward
movements and generates a prominent upper central
zone, and gravity, which forces downward move-
ments and generates the flat-lying lateral margins. It
follows that domes have inner and outer zones in
which flow directions, strain patterns and strain rates
differ significantly.

2. Invertical cross sections, motion trajectories are para-
bolic and symmetric on both sides of a vertical line
located above the feeding conduit.

3. Vertical profiles for horizontal velocities throughout
the model reveal an inward sense of shear in the cen-
tral part of the dome.

4. In cross section, the attitude of flattening planesis re-
markably concentric and displays two striking isotro-
pic points next to the periphery of the dome.
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