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Ribbon Helictites: A New Category
Jill Rowling

Abstract

This paper describes the size, shape, abundance and location of ribbon helictites and proposes possible growth
mechanisms for them. SEM photographs of the surface of one ribbon helictite have shown an unusual crystal form for a
calcite speleothem, together with apparent etching and pitting of surfaces. These surfaces exhibit some features found
in organically deposited calcite. Further optical work has revealed that the stem of ribbon helictites is composed of a
twinned pair of crystal aggregates, with the stem's central canal lying in this twin plane. The ribbon also appears to
exhibit twinning. Oval features on the ribbon's surface appear to be twinned aggregates, originating from the ribbon's
central canal.

It is proposed that ribbon helictites form by two growth stages: development of the stem and then a ribbon, with
influences from acidic solutions. Overall shape is strongly controlled by crystal habit.
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Introduction

Helictites are classified by Hill & Forti (1997) into
four basic categories: filiform (thread-like), beaded
(anemone-like), vermiform (worm-like) or antler (twig
or rod-like). This paper describes afifth form which is
ribbon-like. It occurs at Jenolan Caves, Australia.

Jenolan Caves lie to the west of Sydney in the Blue Figure 1
M ountains (see Figure 1) in a band of massive dark
Silurian limestone. Over 300 cave entrances have been
recorded, the largest and most significant of which arein
the tourist complex. The caves are horizontally
developed with multiple levels. The lowest levels contain
small streams and the upper levels are typically large,
well-decorated chambers. Sedimentsin the caves are
mostly partially cemented ancient stream gravels
comprising quartz porphyry and shales.

In upper level areas of the tourist caves some of
these sediments appear to have reacted with the
limestone bedrock, resulting in unusual calcite crystal
coatings. Whilst making alist of interesting speleothems
at Jenolan Cavesin 1994, | noticed unusual helictitesin
Jubilee Cave and Orient Cave and called them "ribbon
helictites" on account of their flattened ribbon-like
appearance as shown in Figure 2. Samples were taken
from already broken pieces near an area of the Jubilee
Cave called "The Pincushion". Tests showed that the
material was calcite (not aragonite) with 0.5 % Fein the
tested sample (Rowling, 1997). Further work on these
enigmatic speleothems has included SEM photographs of
the surface of aribbon helictite. This highlighted the
similarity between the crystallites of ribbon helictites and
some of those published for lublinite (avariety of calcite
often associated with moonmilk, eg M oore and Sullivan
(1997), also called needle-form calcite). Twinned crystal
aggregates appear to be acommon feature, with both the

stem and the ribbon exhibiting crystal twinning. Figure 2. A ribbon helictite from Jubilee Cave, Jenolan

This paper examines ribbon helictite structure, as a Caves. Size is about 7 mm x 7 mm. The broken stem is
to the left of the picture and the tip is curled to the front

guided tour. It starts with the stem, pointing out features right
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along the way to the tip. Fine details are described, then
the paper concludes with a discussion of their formation.

Description & Characteristics
of Ribbon Helictites

General Description

Ribbon helictites are typically about 20 mm long,
5 mm wide and about 1 mm thick. They appear to grow

Figure 3. Part of a broken stem. Key shows location
(circled) on a typical ribbon helictite. The beaded canal
lies inside the stem and striations shown are crystal
boundaries on the surface.

Figure 4. View down the end of a broken stem. In this
sample, three crystal aggregates form columns with the
central canal (arrowed) in the middle of them. There are
apparently two halves to the stem with the change in
cleavage defining the boundary.
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from afairly straight stem (like a miniature flagpole) and
are made of calcite bundles which have a pronounced
elongation of the calcite c [0001] axis. Like other
helictite forms, ribbon helictites have a small central
canal and appear to grow by capillary action. Unlike
other helictite forms, ribbon helictites' calcite c axes are
aligned parallel to each other, rather than evenly radial to
the central canal. Thisresultsin the flattened appearance.
They are usually white or clear, although grey, brown
and yellow ones have been seen. Some blackened and
inactive ones have been seen in Jubilee Cave, however it
is unknown as to whether they are coated with soot or
whether they grew that colour.

Although ribbon helictites are not particularly
common, even in the Jubilee Cave, they are locally
abundant. Jubilee Cave has about 50 well-formed
examples, usually on the wall but also on roofs
composed of infill. The substrate is usually partially
cemented ancient stream gravels. Where ribbon helictites
occur, vermiform, filiform and antler helictites were
often found nearby.

Stem Details

Some helictites have a smooth transition from surface
coating to stem however often the stems are engulfed in
surface coatings so as to be obscured. Figures 3 and 4
show two views of a broken section of stem. The habit
of the crystals making up the stem's surface seem to be a
combination of sheaf-like layers and a "fence paling"
type (discussed later). The stem's central canal is
irregular in cross section and lies in what appearsto be a
crystal twin plane. It is beaded (as shown in Figure 3).
This beading occurs primarily in the supposed twin plane
and is visible when looking perpendicular to the plane.
There are also fine hairlike tubes (canalicules) running
parallel to the central canal, but in the bulk of the stem
(not just the twin plane). These are also afeature of the
ribbon, described below.

Figure 5. The same helictite as Figure 2 using transmitted
light. The central canal is visible as a darker line.
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Figure 6. Broken surface of a ribbon. Characteristic of
ribbon helictites are the elongated, roughly hexagonal
cross section of the ribbon and the "tartan” parting
surface texture.

Figure 7. SEM picture of the surface of a broken ribbon
showing the "tartan" parting surface texture in more
detail. Parting of crystallites alternates with perfect
cleavage of thin layers of calcite. Scale bar is 100 pum.
Electron illumination is from the right.

Rowling

The Ribbon

The ribbon forms the main part of the helictite and
can vary in length from about 5 mm up to about
120 mm, however its width (about 5 mm) and thickness
(about 1 mm) arerelatively constant over the entire
length. Figure 2 shows the general shape of the ribbon
with the central canal appearing as a lighter streak.

In general, the lower edge of the ribbon which curves
from the stem exhibits flat crystal terminations giving a
smooth surface. Some specimens have laminations along
this edge. The upper edge and edges furthest from the
stem usually have well-developed crystal terminations.

The Ribbon's Central Canal

Figure 5 shows a transmitted-light view of the same
sample as shown in Figure 2, with the central canal
appearing as adark line. The canal is approximately in
the centre of the ribbon, with atendency to be closer to
the outside of bends. Unlike the stem's central canal, it
has aroughly circular cross section, about 0.3 mm
diameter, with a milky coloured calcite surround. This
milky calcite has a drusy appearance in some broken
samples. The ribbon's central canal also exhibits beading
at right anglesto its growth as shown in Figure 5 and 13.
Beading appears to be associated with crystallite
boundaries and often appears spiky as a consequence.
Along the main part of the ribbon, the diameter of the
central canal is much greater in the middle than at either
the tip or the stem.

Cross Section of the Ribbon

Figure 6 shows a sketch of abroken ribbon. Ribbon
cross sections are approximately hexagonal but
elongated in the calcite ¢ axis direction, though
occasionally they can be trapezoidal. Canalicules can be
seen in this view, towards the bottom edge. Of the
sample helictites, half had broken ribbons. This broken
surface was similar in each case, having a parting surface
at right angles to the ribbon and a calcite cleavage
surface. Parts of the ribbon are more firmly cemented
(cleavage surface) than other parts (parting surface).
Figure 7 isa SEM photograph of detail from the parting
surface of a broken ribbon, showing a "tartan pattern"
which results from a combination of parting along
loosely-cemented crystallite boundaries and conventional
calcite cleavage of fine layers of calcite (perpendicular to
the crystallites). Figure 7 also shows along crystallite
which may have a hole continuing under the material to
the right.

Growing Point (Tip)

The general shape of the tip of aribbon helictiteisa
tapering structure. Some specimens taper gradually (like
conventional vermiform helictites) and others are more
chisel-shaped as shown in Figure 8. At the tip, the calcite
crystallites are narrower and appear needle-like in shape.
Their relatively wide spacing suggests that this structure
is porous. The needles are aligned in one direction which
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Figure 8. Tip of a ribbon helictite. The central canal is
the lighter area just before the tip, although the hole
does not appear at the surface. The tip may have a slot
as shown (arrow). Crystals near the tip are poorly
cemented and very fine, needle form, whereas further
away the crystals are larger.

is not the radial orientation one might expect from
crystals growing at the tip of a capillary tube. The hole at
the tip is not usualy visible.

Crystal Forms.

Figure 9 isa SEM picture showing typical pseudo-
hexagonal crystals near the edge of aribbon, looking
down the ¢ axis. Only the m {1010} faces (long sides) on
these crystals are well developed and the other faces are
relatively poorly defined with pits and holes visible. The
crystals are irregular hexagonal prisms, flattened in one
direction. They appear to be intergrown. This sample
was found sitting loosely on a pile of old bat guano, so
has probably been etched. Samples which were found
fallen onto gravel showed shiny crystal terminations.
Other crystal forms include wedge-shaped terminations
and chisel-shaped terminations on fairly flat laths.

Figure 9. SEM picture of a group of pseudohexagonal
columnar crystals near the edge of a ribbon. The ends
are pitted and the faces poorly defined whereas the
sides are well developed. The columns appear to be
split. Scale bar is 100 pm.
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"Fence Paling” Sides

One feature common to most ribbon helictitesis the
blocky crystallites making up the flat faces of the ribbon.
Under the microscope, these appear like fence palings,
where each crystallite is slightly offset from its neigh-
bour. SEM picture, Figures 10 and 11 show how the
long pseudohexagonal crystals can be arranged to form
this pattern, and how it can vary. The "fence palings" are
arranged in aregular pattern, although the step angle can
vary across the face of aribbon helictite.

The eroded appearance of the crystal terminations

Figure 10. SEM picture of part of a ribbon showing the
"fence paling" crystallites and their diagonal surface
texture. Scale bar is 100 pm.

Figure 11. SEM picture of an area near the lower edge
of a ribbon, showing the ends of flattened hexagonal
crystallites arranged to form canalicules and "fence
paling" sides. Scale bar is 100 pm.



