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REVIEW

ELEMENTS DE EARSTOLOGIE PHYSIQUE, by Richard Maire. Spelunca Spécial No.3, 1980. Fp 55

This publication is a special issue of the French caving journal Spelunca, and is
devoted to a summary of the study of physical aspects of karst, "karstologie physigue”.
It is divided into five parts:

1. Fundamentals of the study of physical aspects of karst,
2. Hydrology of karst, i

i. Geomorphology of surface karst features,

4. Physical study of caves,

5 Karst regions.

The publication is a French langquage summary of material we would normally expect
to find in such books as Karst, by J.N. Jennings (A.N.U. Press, 1971) and The Science
of Speleology, by T.0. Ford and C.H. Cullingford (Academic Press, 1976). As an
introduction to cave and karst study for those who would not usually read a reference
such as those guoted, this publication has definite value, It also includes a brief
summary of caving and karst areas around the world (Part 5).

This review does not present much in the way of new ideas, but concentrates on
giving a concise summary of previous work. In some cases this brevity is a little
extreme, causing the text to assume more the nature of a list of technical tearms than
a coherent essay. The opening chapter assumes absolutely no geclogical knowledge
on the part of the reader - one section irtroduces him to “"Scientific Importance
of Fossilas - Palasontology", and a later section of the same chapter shows several
very clear though rather elementary diagrams of folds, faults, eto. Clearly this
section is intended for the geologically rusty reader. It could also have a real
interest for those who know the material in English, in that the French terms for
many geclogical features and processes are quite different from ours (so much for
the "international language of science”!).

The publication has many black and white photographs of good [not excellent)
quality, and many line drawings which are always clear and well-labelled. On the
whole it is an interesting summary, strictly for the layman caver, of physical
studies of caves and karst.

Jane Dyson

Helietite 1B(2):30 1980



A REVIEW OF THE CORD TECHNIOUE (LA TECHNIQUE CORDELETTE)

A.T. Warild
Abstract

The technique of descending a multi-pitch cave with only one rope, leaving a
thin cord on each pitch for re-rigging the ascent, has recently become popular in
France. This paper described some improvements to the technique and assesses its
place in Australasian caving.

INTRODUCTICN

The Cord Technique is a modification of the usual Single Rope Technigue, which
can be used to reduce the amount of prusiking rope required for a multi-pitch cave
to such a degree that sole or lightweight trips are possible. The technique involves
the use of a light cord and a modified prusiking rope which is as long as the longest
pitch to be encountered. The rope is lowered to the bottom of the pitch by the use
of the cord, a double length of which is left hanging down the pitch. On the return
journey the rope is replaced in position by hauling it up on the cord.

The Cord Technique was first developed for rock climbing, however it has been
successfully adapted for caving and has been used for several years. Recently there
has been an upsurge in lightweight and fast caving and this has probably led to the
renewed interest in the Cord Technique.

In the Australian context, the Cord Technique finds only limited application
as there are few multi-pitch caves here. The equipment for most of these can easily
be carried by one caver. It may not be muech use at Cliefden but for anyone contem—
plating expedition caving in New Guinea or New Zealand, a few hours dangling around
with a bag of cord could be useful. TFor the technically minded Australian caver it
is a new development.

THE TECHNIQUE

"Why use the Cord Technique?"

The Cord Technigue ls not for SRT beginners, the level of expertise needed is
such that it should only be attempted by those completely familiar with SRT. Even
then it is first necessary to practise in a safe place where there is unlikely to be
any danger should the rigging tangle. With this provisoa, the technigue has several
potential applications:

X On expeditions, the Cord Technigue can be used to increase the effective
amount of rope available. By taking along a few rolls of cord a cave may be pushed
much deeper than budgeted for. When the rope has completely run out, suitable
pitches could be re-rigged using the Cord Technique so that the rope gained may be
used to further extend the cave.

2. A fixed line can be left on an upward climbed pitch, e.q., a4 blind shaft so
that a rope may be installed for future exploration or work. During the exploration
of Nettlebed Cave in New Zealand, a considerable length of rope was left behind
during de-rigging when the retrieval cord tangled. Had the cavers inveolved had a
knowledge of the Cord Technigque as described here, their chances of successfully
retrieving the rope and leaving a fixed line might have been increased.

3. When the amount of equipment needed to tackle a cave is so large that the number
of cavers involved would have diffieculty carrying or have to resort to ferrying it,
the Cord Technigue can be used to lighten the load. The ideal quantity of equipment
is one pack per person. With the use of the Cord Technique it is now possible for

a small group of cavers to tackle the despest caves which in the past have required
major expeditions. The Gouffre Berger (Vercors, France) is an ideal cave in which

to use the Cord Technigque. It has a large number of pitches, which formerly required
a vast amount of tackle; most of these pitches can be rigged free, (usually from
bolts) and are of moderate length. In the Berger the Cord Technigue works so well
that this very deep cave has now been soloed; a virtually impossible task without

its use.

"CORD TECHNWIQUE"™ Helictite 18(2):31
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Rigging for the Cord Technigue

The cave must be rigged with each pitch free to ensure that the cord and rope
will run without snagging. This may require extra rigging egquipment to be carried.

Karabiners may be used to anchor the rope but it is preferable to use some
sort of chain-linking device such as 7 or 8 mm Maillon Rapide, Super Link or Quick
Link (Plate 1}; all three are different brands of the same device. These are used
because they are safer than karabiners as they can withstand considerable sideways
loads; because they are smaller and more suitable for jamming the figure of 8 knot
{(Figure 2a); and because they are considerably cheaper (around half the price of the
cheapest locking karabiner). They are not commonly used in Australian caving, but
Quick Links are available from some hardware shops.

It appears from the available literature that French cavers use 31 mm nylon
kernmantel (Perlon) for the cord, but it can be an extravagance unless it is to be
left as a permanent fixture. Perlon is twice the price of nylon No. 16 venetian
blind cord and while it is much stronger and possibly sasier to handle, blind cord
is adequately strong, lighter and less bulky. When in the cave, much care must be
taken in handling the cord and although diver's line spools have been suggested,
the author prefers a small sack about 30 om tall from which the cord will run freely.
Such a sack will alsoc pack easily when not in usa,

The SRT rope used in the Cord Technique must be adapted in that one of its
ends must taper from 10 mm diameter down to 3 mm diameter without a sudden change
in gize. While the French tapering method is adequate (Martinez, 197%) it invalves
two knots passing through the Quick Link instead of one; also, as the cores in many
ropes are somewhat loose, an external Knot may lack durability. The method used by
the author attaches the rope to a 3 mm cord (Figure 1) inside the rope thus giving
a perfectly smooth transition from 3 mm to 10 mm. The most suitable rope for the
Cord Technique is a 10 mm rope with a substantial core, and a thin sheath, such as
Downs 10 mm 16 plait multifilament polyester. A staple rope such as Marlow 10 mm is
not suitable because of its thick sheath. Thicker ropes such as 11 mm Bluewater
are stronger but heavier and thus much harder to replace on the pitch because of thelr
extra weight. This extra weight affects the length of pitches which can be rigged and
the extra bulk of thick ropes can also cause problems. The increased abrasion
resistance of thicker ropes is unnecessary for a system which is essentially rigged
free., The 10 mm and 9 mm Bluewater ropes that have recently reached the Australian
market may be suitable but as yet have not been tried.

Preparing the SRT rope (Figure 1)

a & b) The rope is prepared by first pushing back the sheath to expose about 30 to
40 om of the core.

c) The core is then tapered so that it thins down to a single strand which is
15 em longer than any of the others.
d) On to this one strand of core a metre of 3 mm Perlon cord is tied with a

single fishermans knot (a double fishermans knot is too large to fit inside the

rope sheath).

e) Next the sheath is dragged into its original position so that the knot is

15 cm inside the rope (this is difficult with a 10 mm rope especially if the

gheath is too thick). The rope sheath is whipped with thick synthetic thread to the
3 mm Perlon, starting about 2 cm from the sheaths end and continued, pruning bundles
from the sheath, to give a smooth transition to the 3 mm cord.

The resulting rope end should taper unformly from 10 mm to 3 mm diameter over
a distance of 30 cm, with only a slight bulge where the knot lies.

Selection of suitable pitches

With this special gear, and the SBT caver's usual collection of traces, slings
and bolts, a caver'is equipped to use the Cord Technigue on any suitable pitch. For
a pitch to be suitable, it must be able to be rigged free or almost free of the wall
so that the cord and rope will run freely without snagging. It may be possible to
rig sloping pitches provided the rock is sufficiently smooth. However, in this case
the Quick Link should be completely away from the rock. A suitable pitch must also
be relatively dry, or water movement may cause the cord to tangle or abrade. The
length of the pitch appears to be limited to about 40 m; on longer pitches wet ropes
may be too difficult to replace because of their weight. On long pitches a pulley
will make replacing the rope easier but the pulley should not be cne in which the
cord can jam. The pulley is also completely supporting the caver and it is therefore
preferable to use a Petzel safety pulley rather than the more common split type.

To satisy these requirements and make the pitch suitable the caver must often spend
conaiderable time and effort arranging the rope so it hangs free. This frequently
makes the start of the pitch more difficult because the Quick Link will be located
below the 1ip of the pitch (Figure 2 £}. In the case, it is oocasionally necessary
to use & handline for a safe approach. Back- up belays may be required and where
these are involved a large amount of extra rope may be reguired.
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Figure 1 PREPARING THE SRT ROPE
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Figure 2 DESCENT
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Thus it becomes advisable to think in terms of pitches which are suitable for
the Cord Technigue rather than whole caves. Whereas this approach has less finesse
than doing an entire cave with one rope, a sack of cord and a bag of bolts, in the
Australian context it is the only approach to take. The Cord Technigque must be
regarded as a method of reducing the amount of tackle required.

Descent (Figure 2}

To descend, the rope is fixed as in Figure 2 a with the rope jammed in place
with a figure-8 knot and a large karabiner for security (tec large to fit through
jthe Quick Link)}. The cord is paid out from a small sack as the caver descends
(Figure 2 b) (see cover plate) taking care not to spin and twist the cord around
the abseil rope. When the bottom is reached, the lower end of the cord is tied onto
the 3 mm perlon with a double fisherman's or double figure-8 knot (Figure 2 ¢,

The rope is then retrieved by pulling on the cord until all the rope is on the bottom
and the pitch is rigged with a double length of cord (Figure 2 d). After the ends

of the cord are knotted together, it is lightly anchored to prevent it tangling due
to air or water movements (Figure 2 @). The caver is now free to move onto the next
pitch, having left behind a minimum of equipment.

Ascent (Figure 3)

Ascent is simply the reverse of the descent procedure, The 3 mm Perlon is
attached to one end of the cord and the rope is pulled back up until the figure-8
knot is once again jammed against the Quick Link (Figure 3a , b and c). As the
rope reaches the top of the pitch a double bump is felt; the first occurs when the
cord-Perlon knot goes through the Quick Link (Figure 3 b). With the change from
cord to rope through the Quick Link more frictlon is felt in the system but this
reduces as the rope comes down the pitech until it eventually moves by itself. When
using a pulley the "double bump" cannot be felt; in this case the hauling becomes
progressively harder until the rope reaches the top, then it becomes progressively
easier as it comes down the pitch.

When the pitch is against the wall, it is recommended that the other end of
the cord is tied to the large security karabiner so that the rope can be moved
gently into place to avoid the rope wrapping arcund itself below the Quick Link
{Figure 3 d); this is especially important when the top of the pltch cannot be
glearly seen but it does reguire more time to place the rope. However the extra time
iz well spent if a saving on rigging eguipment can be made.

The rope is now ready for the caver to ascend {(Figure 3 ). The lower end of
the cord must be untied from the 3 mm Perlon before leaving the ground or the joined
ands may snag on the bottom of the pitch.

USING THE CORD TECHNIQUE IN AUSTRALIA

The author's interest in the Cord Technique was triggered when it was realized
that this would enable him to make a solo descent of Khazad Dim. First the Cord
Technigque was used in an exercise in Argyle Hole (Bungonia, NSW). The successful
descent of this cave indicated that it was possible to use the technique in the
deepar Tasmanian cave. A plan was drawn up in which the equipment load for
Khazad Diim could be reduced to fit into one pack. The cave is by no means perfect
for the Cord Technique becaunse it contains a number of wet pitches and sloping
handlines. Of the thirteen pitches (Table 1), three are near the entrance and only
require two short ropes, so that there are only ten pitches for which the equipment
has to be carried any distance. Of these, only six conld safely be rigged using the
Cord Technique. The equipment fitted into one medium sized caving pack, and Khazad

was descended and ascended in a trip which lasted just under seven hours.

CONCLUSIONS

Advantages of the Cord Technigue:-
1) Considerable reduction in the weight and bulk of equipment.

2) Less expensive because cord is considerably cheaper than rope.
3) It reguires no specialist equipment except the Quick Links.
4) It allows a small party to do a cave of many pitches efficently with groups

of two or more, one BRT rope per person could be taken and leap-frogged to
the front of the party tc enable more than one pitch to be climbed simultanecusly.
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Figure 3 ASCENT
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Table 1 Cord Technigue Equipment for Khazad bim

Rigging Bguipment Rope. (m)

Pitch | Height (m) Cord | Rarabiners | Quick Links Tiebacks(m) | Protectors | CT SRT

L 5 = - - = = T* I

2 3 = - - - - FL A

3 12 - - - - = 15 15

] 27 60 2 pulley 3 < = 37

5 10 20 1 1 2 1 - 10

6 21 - 1 - 3 2 21 21

7 7 15 1 ] 3 e = 7

8 13 25 2 1 4 - - 13

9 10 20 1 1 Hkw - - i0

10 8 - 1 - - - 12 12
11 b 10 1 1 4 - - 6
12 11 - - = - 1 11 11
13 40 - 1 - F 3 50 50

* same rope used for both pitches

Y A wire trace

Plate 1.

A Quick-Link.

is also required
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Disadvantages of the Cord Technigque:-

1) Must have a suitable (usually free-hanging) pitch.

2) Pitch must be a maximum length of 40 m or the rope becomes too heavy to haul
especially when wet.

3} Requires extra care and expertise to rig.

4) Easily disturbed by other cavers descending the pitches,
Rs already mentioned the Cord Technigue is a specialist technigque most suited
to super-light weight caving in a known cave. In almost all caves in Australia, its

disadvantages will outweight its advantages, but on those occasions when the Cord
Technique is worth using, it presents an excellent challenge to the vertical caver.
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EQUILIBRIUM VERSUS EVENTS IN RIVER BEHAVIOUR AND BLIND VALLEYS
AT YARRANGOBILLY, NEW SOUTH WALES

J.M. Jennings, Baoc Hacsheng and A.P. Spate

Abgtrack

Seventeen blind valleys of the Yarrangobilly karst are described especially
with reference to shifting streamsink location and phases of downward incislon. A
series of measures of them, based partly on ground traverses and partly on
contoured maps, is presented and discussed. Erandard morphometry of the basins
ending in the blind wvalleys is presented alsc. These truncated basins are shown
ta have normal morphometric relationships, Whether a stream sinks or not in the
1imestone appears generally to relate to the length of limestone to be crossed in
relation to full stream or basin length, though basin rellef ratio may intervene.

The hypothesis that there will be dynamic equilibrium between the dimensions
of blind wvalleys and slinking stream catchments finds only limited support in the
data. This is because underground stream capture represents an abnormal event in
drainage basin development 1iable to upset aguilibrium relationships and its
timing may be asdventitious In that development., With a larger population of blind
valleys to be analysed, this Ffactor of timing might become subordinate, and 2
better predictive model of blind valley volume be derived.

INTRODUCTION

In recent decades s major theme in fluvial geomorphology has been the
analysis of various morphometric attributes of drainage basins amongst themselves
and in relation to basin hydrolegy (cf. Gregory & Walling,1973). This has led to
the interpretation of geometric relationships between these attributes as
indicative of dynamic egquilibria. Though some relationships appear to be products
of the system of analysls, many reflect natural phenomena.

Extenslon of morphometry to karst geomorphology in thi=z period has led
likewisme to the recognition of similar dynamic equilibria in what was previously
regarded as chaotic relief. Althoogh one of the early papers (Williams,19686) was
mainly concerned wlth streamsinks, most effort has been applied In ether
directions, notably towards the understanding of dolines and cockpits (e.g.
Williams, 1972; Kemmerley, 1976)}. 1In general the idea has developed that these
characteristically karst landforms are evelving in manners closely akin to those
governing £lovial relief. The studies of White and white (1979) on Appalachian
Basins and Gams (1961) on Slovenian blind valleys are the most relevant to the
analysls which follows.

Like most karsts in the Eastern Uplands of Australla, the Yarrangebilly karst
tn the Aopstralian Alps is a fluviokarst; this 15 =0 despite the purity and
mechanical strength of its Silurian limestone and because of its small, impounded
mature and the recessiveness of the limestene amongst the surrounding rocks
{Jennings, 1977). Therefore Its valleys provide much of the Interest in Iits
surface geomsrphology, though previous comments have related them to cave
development rather than considered them Intrinsically (Rose, 1964-6; Nigoll,
1977) . Thie paper will describe the valleys at Yarrangobilly and see what simple
morphometry may reveal about them. 1In particular it will test the hypothesls that
there will be geometrical relationships between the slze of blind valleys and the
streams sinking in them indicative of dynamic equilibrium.

THE YARRANGOBILLY EKARST

The Yarrangobilly limestone forms & north-south strike belt about 9 km long
and 1 km wide (Figure 1}. To the east, the Fiery Rangs, including Yarrangobilly
Mountain {1630 m), consists of GOGoobragandra Voleanics (dacitic and andesitic
extrusive rocks of Silurian agej. These dip steeply westwards and are overlaln by
the limestone, which in turn dips under Silurian s ales, =andstones, siltstones
and cherts that make up the Toll Bar Ridge west of the Yarrangobilly River wvalley.

That river initially flows SSW betwsen the Kennedy Ridge and the Fiery Range
but then turns west to cross the northern end of the limestone dawn dip. However
the limestone is here broken up into detached masses and there Is interbedding
with both overlying and underlying rocks. The river has cut =ome 30 m below the
general level of the limestone, Though other rocks rise higher, cliffs 1line the

"YARRANGOBILLY BLIND VALLEYS" Helictite 18(2}:39
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valley where the stream impinges on limestone.

Shortly before the Yarrangobilly River leaves the limestone on this stretch,
a distributary branches south to sink at the foot of the valleyside in
Leak-in-the-Creek (Y112). Though no water may be lost at low flow, in moderate
flow = significant proportion goes underground. On the basis of a long running
tracing experiment with fluorescein and charcoal detectors, Pavey and Shannen
{1974} claimed that water sinking here reached Hollin Cave (Y46), Coppermine Cave
{¥12) .and Bubbling Spring in that order. These are long strlke connections and
some doubt may be held about them becsuse of a subsequent experiment (Spate,
Jennings, Smith and James, 1976)) during which heavy rains produced natural levels
of fluorescence in the green band confusing the use of fluoresceln dys.

Downstream of Yarrangobilly Village, the river makes a large angular swing
westwards {inte the overlying clastlic rocks, rejoining the limestone at Yans
Crossing and Coppermine Cave, where it is entrenched about 100 m. Thence the
river Fflews GS8E along the strike, though there is some meandering of an angular
nature. The incision is of the order of 150 m at the southern end of the
limestone. Mast of the limestone lies east of the river gorge, though there is &
narrower outerop on the right bank, except for a stralght reach of 0.75 km where
the river runs along the contact. At the Watural Bridge, the base flow passes in
a cave through a low meander spur, which is however of Quaternary tufa - cemented
rockfall as well a&s bedrock and is covered by river gravel (Jennings, 1977). Flood
flow passes round the spur on the surface,

The limestone chiefly forms a high shelf east of the river. Tertiary fluvial
sands and gravels found on it, e.g. at Gravel RAill (grid reference 336511, New
South Wales 1:25,000 Topographic Series Sheet Yarrangobilly B526-1-5), show that
it represents a former wvalley floor, best termed a strath. Tertlary basalts

flowed along this valley and remnants are found at many points. Though sSome of
these such a= on Gravel Hill, on the Bullock Track Spur and around 344479 are in
situ, others have been lowered by solution subsidence (ef. Thomas, 1973). So

some of the strath surface has hbeen lowered below the original sub-basaltic
sur face, which has been dated by the potassium-argon age of the basalt of 22 m.y.
(Micoll, 1977).

Most of the streams from the Fiery Bange s&ink after reaching the gentler
surface of the limestone and resurge in springs along the bottom of the gorge
pither near to or in the Yarrangebilly River. Many underground connections have
been traced gqualitatively (Pavey, 1375), Only one guantitative test has been
published (Spate et al., 1576), though others have been carried out (3pate,
Jennings and Smith, unpubllshed data), Figure 1 illustrates the establlished
connections, which include underground Eributary junctions and one bifurcation
vnderground but no ‘crossings' as yet. The flgure 2lso Includes some inferred
connections employed in calculations below.

The streams sink In blind valleys bot dry valleys continue the line of former
streams acrose the strath. Most of these peter out high in the flanks of the
Yarrangobilly gorge 3o that the condition of the tributary valleys Is a hanging
one  [cf. Sweeting, 1950). This is taken to Iimply that the gorge has been
deepened considerably since these tributary streams ceased to join the maln rlver
on the surface.

There has alsoc been a tendency to develop a strike depression aleng the
contact of the wvolecanlcs with the limestone so that the former continuation of
flow beyond a streamsink was sometimes lateral, to a nelghbouring tributary
valley.

PESCRIPTION OF BLIND VALLEYS

Not all blind valleys at Yarrangobilly fall Into the pattern described above
but it would be misleading to confine this analysis te those complying with it.
The working definition of a blind valley, which has been employed, requires the
presence of a stream channel, perennial or intermittent in its flow, which ends
against a reversed slope In the valley or in a doline. A dry valley, which lacks
such a channel, ending in the =ame way has not been included in this study and
there are a few such Iin the area. The seventeen instances fitting this definition
will now be described briefly; the grid references locate the 'streamsinks on the
Yarrangobilly 1:25,000 sheet. Selected long profiles are illustrated in Figure 2.

Northernmost Blind Valley (NBV) — 339547. A tributary of B8rownleys Back Creek
impinges for some 200 m along the northern margin of the limestone. This contact
has been sufficient for the stream to sink but with minimal {incision, A
depression follows round the edge of the limestone to ¥117 Spring and its
neighbouring spring. It is assumed that this ls where the stream resurges but
there has been no test, Between sink and spring there ls no sign of a channel or
of disturbance of plants or litter. However it would he rash to assume that this
is & true blind valley rather than 2 semi-blind wvalley, wlth rare floods following
the depression.

Bridle Cave 1 [BRC1) - 339535, Here a small stream has sharply dncised its bed
soon after crosaing onto the limestone (Figure 2) and sinks in a plt (¥72). Just
beyond is a hemispherical hollow with steep limestone ocutcrop behind; tha Ffloor
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here represents a former sinking point. Formerly the surface flow detoured to the
south and then headed for the Yarrangobllly River near to Bridle Cave (Y76), to
which its present underground flow has been traced.

Bridle Cave 2 (BRC2) - 33953B. At this streamsink, an intermittent stream course
ends In a =mall doline (¥99) at the foot of a limestone bloff. Beyond a dry
valley descends through two shalleow dolines to end at an amphitheatre of rocky
slopes some 200 m farther on. From this farmer streamsink, there had previously
been continuation northwestwards of the amphitheatre, descending through shallow
dolines to the flank of the ¥Yarrangobilly River. Water sinking in this valley is
assumed te resurge at Bridle Cave but no test has been made.

Wombat Creek (WG] - 332515. Wombat Creek does not have the typical blind wvalley
arrangement dJdescribed earlier. In its case, most of the headwater part of the
catchment I8 on limestone and on everlylng Tertlary sands and gravels. It is in
the lower part of the catchment that the impervious clastics occupy the western
valleyside., As a result of this pattern, shallow dry valleys joln up at the head
and then an intermittent course reaches a growp of small, shallew but
interconnecting dolines, which constitute a kind of bBlind wvallay,. Beyond Is a
somewhat larger doline, which no longer appears to be reached by surface flow but
which formerly acted as a streamsink. 4 descepding dry wvalley continues to
another doline and then to a dry steephead. Parther on the valley bottom (s
marked by an intermittent streamcourse down to the Yarrangobilly River, fed from
the Impervious vocks te the west. The water sinking ‘in the upper part of the
Wombat Creek valley is assumed to reappear in Coppermine Cave at the mouth of this
valley.

¥45 Cave Creek (Y45) - 341518. FHere a perennial oreek dralns at right angles into
@ strike depression along the velcanics/limestone contact, from which it receives
an intermlttent tributary before sinking fn Y45 Cave (Figure 2). 'There has been
no shift in streamsink position here but the teopography indicates recent fresh
incision In the base of the depression, In part {inte poorly bedded and poorly
sorted alluvial-ceolluvial deposits exposed on one side. Former flow continuasd
over the lowest part of the high rocky threshold behind the streamsink towards the
Wombat Creeck dralnage basin. Y45 water has been traced to Coppermine Cave.

Pub Sully (PG) — 342513, Pub Sully also enters a strike depression te sink fnte
[r] Inn Cave (¥10) at the foot of the most Iimpressive cliff blocking any
Yarrangobilly blind valley (Figure 2). However the former valley led over a
slightly lower saddle esst of this cliff to follow the contagt to the next blind
valley to the south. Although there are thick alluvial-colluvial deposits In this
blind valley, it is not possible from breaks of slope to separate different phases
of incision as it 1s in the case of Y45, ¥10 water 1s assumed to drain to
Coppermine Cave Iin the absence of a test.

Coodmans Gully (GG) - 348509. Goodmans Gully sinks into Innstable Cave (¥9) close
to the volcanics/limestone contact. Breaks of slope separate Incislon In relation
to the present sinking point from & terrace surface extending southwards with two
shallow dolines in it (former streamsinks) before a descending dry valley is
reached. Y9 water is assumed to feed Coppermine Cave,

Bathhouse Cave Creek (BCC) - 342504. This was chosen as a typical example of a
simple blind wvalley (Jennings, 1967). A perennial stream from the Fiery Range
starts to cut down lts bed as seon as it crossgs Erom the veleanics onte the
limestone and enters Bathhouse Cave (YB) at the foot of a limestone blufE. The
former course leads over the saddle to lts north and ls marked by a descending dry
valley with dolines along it. This streamsink has been proven te connect with
Coppearmine Cave.

Horth Desp Creek (NDC) - 339480. WNorth Deep Creek sinks into ¥48 Cave shortly
after reaching the limestone but caves Y47 and Y7 (Morth Deep Creek Cave), on the
same southern =lde of the valley, represent former streamsinks (Figure 2). Thereo
are sllghtly lower saddles on either side of the line of cliffs ending this blind
valley and it is not certain which way the former stream went. The south-east
saddle leads wla the Janus Cave (¥Y58) deline to the Deep Creek blind valley
whereas the northwest saddle heads through a doline to a dry valley tributary to
the larger one linking the Deep Creek blind valley with the Yarrangohilly gorge.
Water tracing has linked North Deep Creek with Hollin Cave (Y46).

Deep Creek (DC) - 339485. Deep Creek sinks into Deep Creek Cave (Y6) at the fool
o a gh ecliff but the continulng dry valley round @ saddle to the north Eirsk
faces a shallow amphitheatre, containing & small doline and a tiny cave entrancs,
which represent a former streamsink ([Figure 2). Beyond It descends to the flank
of the Yarrangobilly gorge. Incision into the terrace surface (terrace 3) running
into this dry wvalley is quite sharp and farther up the valley there 15 a still
higher, clder terrace 4 (Figure 3). Asscciated with the present streamsink there
are twoe terrace levels (2 and 1}. Az these are at least in part of a built
nature, this terrace sequence Iimplies alternations of aggradation and incision.
Deep Creek drains underground to Hollin Cave.

East Deep Creek (EDC) - 3444B4. This short creek sinks Inte East Deep Creek Cave
(¥5) at the foot of a high cllff but the lowest saddle is on the northern side of
the blind valley, leading to a8 dry wvalley with two dolines alemg 1t, which
descends along the volcanics/limestone contact to Deep Cresk at the head of lts
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Figure 3 Sketch map of the Deep Creek blind wvalley and its terraces.

blind valley incision. The topography faveurs recognitlon of this route as the
former continuation as against that proposed by Nicoll (1977). He favoured a link
southwards over a higher saddle to Eagles MNest Creek on the grounds of the
disparities between the known sizes of the caves at the streamsinks and the
streams supplying them. Tt is, however, unlikely that the known cave development
comprises the whole. East Deep Creek resurges at Hollin Cave,

Eagles Nest Creek (ENC) — 343474, Eagles Nest Creek's sinking point 1= the active
stream entrance [(Y2] to the large cave system hers (Figure 2). This is at the
foot of a line of cliffs on the northern side of the valley, A low saddle leads
westwards down a short dry valley into the largest doline at Yarrangobllly, at the
bottom of which is the Eormer entrance into that system (¥1). High up Iin the
cliffs 1= the entrance to The Eyrie (¥3] at about the level of the saddle closing
the doline on the west and Yeading to a descending dry valley to the Yarrangoblilly
gorge. This sinking creek rises again in Hollin Cave.

Negative Series [NS) - 343468, A short intermittent creek sinks in the bottom of
a olline eyond which are two smaller deolines, former streamsinks, before a dry
valley begins to descend to the gorge wall (Figure 2). Mo result from water
tracing here is available and the likely spring seems to be One Tree Hill Spring
to the west, since the water chemistry of the nearer Overhang and Hanglng Springs
suggests these are fed by percolation water only.

Mill Creek (MC) - 343460. One of the larger tributaries, Mill Creek, has cut {ts
valley so deeply prior to enceuntering the limestone that its course across the
old valley strath is known as Harrie Wood Gorge. As a result, the stream sinks at
a much lower altitude and farther down lts course to the Yarrangobilly River than
is common with the tributaries [Figure 2). It sinks into a mass of large boulders
bafore entering the bedrock cave, Mill Creek Swallet (¥29). The saddle does not
rise very much above the cave lintel and is in fact made up of & plle of large
boulders, which have fallen from the northern gorge wall. Although this rockfall
has triggered the sinking of the stresm, there has been a modest amount of
ineision since the underground capture, registered in breaks of slopes on the
valley sides for a short distance above it. Below the barrier, Harrie Wood Gorge
continues practically to the junction with the river, though the rock detritus on
its floor is angular rockfall material. Despite the low thresheld height and big
floods on Mill Creek, thare is no knowledge of any overflow. Mill Creek Swallet
drains to Federation Cave (Y44).

Rules Creek (RC) - 346454, Rules Creek has also cut deeply across the limestone
outcrop wnich s narrower here near its southern end. The streamsink (Y43) lies
at the foot of a talus slope below a cliff. This barrier has a deep slice cut out
of it on the southern slde through which the road runs, and only a few metres of
threshold prevent overflow. The ground just here has been modified by road and
carpark constructlon but the natural line of the valley bottom can be traced under
rockfall From the northern wall . Beyond this Is the most remarkable continuation
of all the Yarrangobilly blind valleys in a vertically walled gorge-down to the
river, overlooked by the track to the Glory Caves (¥24, 25). Despite its fresh
appearance, the rock in its bed 1s angular with no suggestion of present overflow
into it, nor does local knowledge give credence to any such happening nowadays.
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hbove its streamsink, Rules Creek has a low gradient and meanders to produce
a shallow but bread blind valley. There are terrace remnants well above the
incision related to the present streamsink and by eye these appear to grade to a
former overflow higher than the present saddle beyond the streamsink. The whole
arrangement provokes the speculation that there has formerly been a deeper blind
valley here behind which terrace aggradation took place. Subsequently surface
Elow spilled over agaln and cut the slice out of the barrier which had previously
developed. Finally Rules Creek sank afresh at its present sinking point, It has
been traced to Federation Cave.

The 1:25,000 map shows a tributary on the right bank at the top end of the
picnicking ground. Its channel peters ocut at the top of a steep alluvial fan now
fixed by vegetation., Below the fan is a substantial doline which may represent a
former streamsink of this tributary, matehing that of Saddle Creek on the left
bank. Because the tributary fails to reach the doline nowadays it has not been
treated as a blind walley.

Saddle Creek (SC) - 3152452. Saddle Creek drains northwestwards to tha southern
end of the limestone and nearly reaches Rules Creek to which it formerly flowed.
However its encounter with the limestone prior to that ensures that it goes
underground in a small doline. It appears possible that this creek could on a
fayourable occaslon - heavy raln causing snowmelt - f£i11 its doline and
temporarily rejéin Rules Creek but there is neither any suggestion of @ temporary
channel nor local knowledge of such an effect, No water tracing has been
attempted here and it is assumed it feeds Federation Cave as part of the Rules
Creek system.

Right Bank Tributaries : RB1 to RB7. OFf these right bank tributarles of the
¥arrangobIlly FRiver which cross some limestone along the main gorge, only one -
Right Bank 2 - has created a blind valley at 327478, Just above the limestone
contact, this creek is shallowly incised into an alluvial cover and then sinks in
a doline at the foot of a limestone cliff (Figure 2). A low saddle leads to a dry
valley running down to the river. The nearest known spring is at 328482, issuing
from a hole at the base of a meander clifFf oF the Yarrangobilly at normal river
level.

THE MORPHOMETRIC DATA, THEIR COLLECTION AND VALIDITY

fa} Blind valley measures (Table 1)

Table 1 Blind valley morphometry

BLIND THRESHOLD LONG PROFILE BLIND VALLEY HYDRAULIC

VALLEY HEIGHT AREA VOLUME GRADIENT
pPresent total present total present total present former

m m m? m? m] m

HBY 0.5 & 20 0.02

BRC1 3.5 12 118 641 400 5500 0.06 0.06

BRC2 3 10 17 2310 30 13000 D.04 0.03

WC 3 4 125 200 200 1100 0.08 0.08

Y45 6.5 26 360 1359 2600 47000 0.06

PG ar 6267 265000 0.07

GG 15 23 1291 3250 34000 190000 g.08 0.08

BCC 17 15000 0.09

NDC 1l 15 62 2526 50 95000 0.09 0.10

Do 15# 19 32000 170000 0.09 0.09

EDC 20.5 1429 42000 0.12

ENC ] 3l 1137 BBET 12000 371000 0.15 0.17

NS a 10 448 949 7200 8300 0.19

Me 3 75 400 0.10

RC 6 38000 0.16

sC q 3600 0.0%9

RE2 4 3i26 1500 0.11

* A youngest phase of incision has thrashnid height of 4 m, long
profile area of 195 m2, volume of 1580 m>.
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The volume of rock removed since the stream went underground {8 the proper
measure of the work of erosioen done in this condition of karst river capture. For
this a detailed contour map is necessary. One of the Bathhouse Cave blind walley
had been published (Jennings,1967); this was on a scale of 1:800 with a contour
interval of 5 feet. Recently A.P. Spate constructed one of the Eagles Nest Creek
blind valley on a scale of 1:500 with a contour interval of 5 m. From these maps,
contour areas were taken off with a digitising table linked to a DEC-10 computer.
From these data, volumes were calculated by the method of end areas (Clark, 19246).
The resulting volumes are well based but there is error in deciding on the upper
1limit of incision of the blind valley, which, of course, rises up the valley from
the threshald. BAn error of less than 5% has probably been achieved.

It was patently too laborlous a task to prepare similar large scale contouor
maps for all the blind valleys. For a few of the larger ceses, the same method
was employed but using a 1:10,000 photographlce enlargement of the relevant part of
the Yarrangobilly 1:25,000 topographic sheet, kindly provided by R.5. Nicell. 1In
these cases, though the errer i{n deciding the upper limit of incision may be no
greater, the areas measured will be less precise. An error of less than 0% is
thought te be involwved,

For the remainder, survey traverses, normally by prismatic compass, Abney
Level and plastic tape, were carrled from an altitude greater than that of the
blind valley thresghold down the stream to the sinking polnt and thence over the
threshold to the start of the descent of the dry valley beyond. Such traverses
were in fact carried out alse for the walleys for which the topographic map was
used for volume determination.

Dense vegetation (particularly where it consisted largely of bBriars and
brambles), caused variations in method including the substitution of a rangefinder
for the tape. The rangefinder error varled from 0.5 m at 15 m to im at &O
M. Alterpatively the traverse was carried along the valley side and side shots
made down to the Stream at points of easler access te it. In the case of Pub
Gully, where the 'jungle' was worst, J. Whitaker and R. Rourke, of the N,5.W.
National Parks and Wildlife Service, Kindly cut a line along the stream in their
spare time. Where breaks of slope were identifiable on the valleysides belonging
to different phases of incision of the blind walley, these were measured In
cross-sections through survey points in the stream. Where possible, traverses,
forced out of the line of the stream by the 'jungle', followed such breaks of
slope.

From the stream profiles, measured directly or Indirectly, and the
cross-sections;, blind valley volumes were calculated by treating successive parts
as zimple geometrical forms such as triangular and trapezoidal prisms, whilst the
amphitheatre round the streamsink was regarded as a guarter sphere or a half cone.
It is difficult to estimate the error term Involved In these approximations; in
the extreme it may be of the crder of 20%.
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Figure 4 Scatter diagrams of blind valley volume against threshold height.

The greater precision of the traverses themselves compared with other inputs
into the volume determinations permits some enguiry into the latter. The traverse
data permitted calculation of heights of threshelds above the streamsinks and also
of the construction of longitudinal profiles along the stream to the sink and
thence to the lowest lip of the former overflow saddle. From the latter an area



"YARRANGOBILLY BLIND VALLEYS" Helictite 18(2):47

related to the valley Incision could be digitised. The velume determinations
depend also, however, on the cross-sections. Moreover the volumes based on
contours drew on independent sources altogether. Figures 4 and 5 show close
relationships between the volumes and both thresheld helghts and long profile
arsas. These results give confidence that the wvolumes are realistic
determinations. Moreocver the range of five orders of magnitude of the blind
valley volumes validates their use in the analyses which follow.
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Figure 5 Scatter diagrams of blind valley volume against long
profile area.

As these figures indicate, where former as well as present streamsinks could
be identified, volumes of incision were determined beth for the present streamsink
azs well as for the total excavation since underground capture. Likewise =separate
caleulations were made where there were separable phases of incision without the
point of sinking shifting. At Deep Creek three such volumes were determinable.

{b} Sinking stream basin measures (Table 2).

Table 2 Morphometry of basins above streamsinks

BLIND STRAHLER TOTAL STREAM LONGEST BASIN  BASIN BASIN  BASIN
VALLEY  ORDER LENGTHS  STREAM LENGTH PERIMETER LENGTH AREA  RATIO
km km km km km®
NEV 2 2.01 1.61 4.20 1,74 ' ‘8:57 013
BRC1 1 0.58 0.58 2.33 0.81 0.22 0.16
BRC2 2 3.61 1.81 5.40 1.85 0.98 0.14
wWe 1 0.33 0.33 1.28 1007 ' S1i8%00 0,1%
Y45 2 1.48 0.98 3.14 133 Yple3 pllp
PG 2 3.17 1.82 4.98 189 102 §.12
66 2 5.07 3:17 7.95 208 118 THLYS
BCC 2 2.06 167 4.26 3:58  0.76 ' 0.5
NDC 2 1.01 0.65 2.47 1.03 0.50 0.16
BC 3 7.60 4.20 9.47 3.75. . 4.24  0.16
EDC 1 0.58 0.58 4.18 1.70 0.68 0.16
ENC 2 3.58 1.71 5.24 1.58 1.47. 0,13
NS 2 0.94 0.60 2.33 0.75 0.24 0.22
Mo 3 11.17 5.36 12.46 4.81 5.09 0.14
RC 4 22.41 5.26 12.32 4,20 8.12 0.13
sC 2 2.69 1.40 5.07 1.33  0.94 0.16
RB2 2 2.33 1.61 2.51 0.63 0.37 0.30

Long term records of stream discharge -and veloelity, the iIndicators of
erosional capacity, are of course not avallable; geomorphic surrogates have to be
employed in their place. It is advisable therefore first of all to conslder
whether truncated systems of the type under consideratlion behave like normal



"YARRANGOBILLY BLIND VALLEYS" Helictite 18(2):48

drainage basins. The burden of Williams' original esgay, (1966) into karst
morphometry was that this was =o, Applying Strahler stream ardering to Craven
streamsinks, he Ffound that Horton fluvial laws applied to them and he reported
later (1972) that Chambers had made the same Finding for the Gower limestone in
Bouth Wales.
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Figure & Mean values of various basin attributes against Strahler order.
Lines of best fit by eye.

Pigure & illustrates similar results for ths Yarrangobilly streamsinks,
though the small numbers in different orders must be barne in mind. Pigure 7
shows a strong regression between two of the most commonly used basin parameters,
total stream ignqthu and basin area. With total stream length (L) In km and basin
area [(A) in km* =

L= 32,2¢ x1-3 { P =p.ool ; rf=0,95)

The case with the greatest departure from the regression is Wombat Creek where drey
valleys prevall above the streamsink and have not been included the tatal length.

Basin area ls the most commonly used surrogate for discharge, though of
course many other factors intervene. Table 3 sets out a few measures of
Iinstantaneous discharge per unit area from discharge determinations on the same
days for Deep Creek, East Deep Creek and Eagles MNest Creek. The cloge
comparability between streams on the same oceasion is reassuring because aven
though these are neighbouring catchments, they are typical of the blind valley
catchments between Y45 and Saddle Creek,

Table 3 Comparative catchment discharges (Q/A) in litres/second/km>

Date Deep Creek Eagles Nest Creek East Deep Cresk
30/9/78 31.3 25.3 29.7
T/10/78 17.4 14.2 N.D.
15710778 16.3 14.4 N.D
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Relationships of the form Q =aAP have been established for many areas {ef.
Gregory & Walling, 1973), linking mean annual flood ({Q) with dralinage area(h) in
this way where a and b are constants. Floods are responsible for much of a
river's mechanical attack. Solution, which will enter into blind valley formation
more than into normal valley formation, is not se prependerantly Influenced by
Flaod flow, =o that total annual runoff could be regarded as a suitable measure
here. HRelationships between basin area and mean annual runoff are more complex
than those with mean annval flood, though evidence from humid climates suggests a
direct relationship though of higher degree polynomial order (Gregory & Walling,
19713).

Relationships of the kind Q =aLb have been Found between mean annual runoff
(0) and lengths of total stream channel (L). Figure 7 suggests that there will be
1ittle difference between the vse of total stream length and of basin area for
this Yarrangobilly analysis. Basin area will be preferred.
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Figure 7 Regression of total streamlengths on basin area for sinking
stroam basins.

The velocity Factor can be approached ln two ways, by use of Schumm's basin
relief ratis above the streamsink and of underground hydraulic gradlent below.
The hydraullec gradient was calculated on the basis of altitude dlfference between
streamsink and resurgence and straightline distance between the two.

The varlous stream length and area measures of the sinking streams were taken
from the relevant New Scuth Wales 1:25,000 topographlical maps (some in preliminary
draft) using the digitising table and computer setup mentioned above.

DISCUSKION

When the velume of incislon abeve present streamsink (or of the younger
incision where there are separable phases of incision at the one sinking location)
is plotted against basin area above the sinking point, both on a legarithmic
gscale, (Flgure B8a), the scatter {5 great and no relationship between the two is to
be discerned. The implication is taken to be that the periods of time, over which
dynamic factors have been operating to produce a definite relationshlp between the
two, have been far too different from one streamsink to another for this to be
achieved.

Figure Bb is a logarithmic plot of the total volume of incision slnce stream
engulfment, as the dependent variable, against the independent variable of basin
area ahove streamsink. There 1s likely to be 1less wvariability in overall
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length of time during which there has been a atream sinking at each blind vallaey.
This figure shows a greater tendency to a linear bundle of points but the scatter
remalns too great for a statistically significant regresslon.

However the instances which depart most £rom the tendency to a linear
relationship form a sensible, not a random group. MNorthernmost Blind Valley only
just touches along the margin of Lthe limestone and may well be In anly a
gemi=blind condition. Mill Creek Is atypical in that a recent rockfall has
triggered engulfment of this stream and this ls altagether a vyounger event than
the initiation of most of the blind valleys. Rules Creek deviates on a somewhat
similar basis in that the gorge below the =treamsink here testifies to recent
overflaow. It may be that such overflow has lowered the level of a higher lip and
reduced a formerly larger blind valley volume which would have matched better with
the magnitude of this creek, Finally Wombat Creek is aberrant because its
allogenic stream input from non-karst rocks is from a flank rather than from the
head of the catchment.

Exelusion of these four anomaléus cases leaves a sat of 13 blind valleys
where the head of the basin leads down to limestone in the lower part of the
catchment and where there i3 evidence of sinking Efor some length of tilme, A
regression can be calculated for this set. With blind valley volume (V) inm'® and
basin area above streamsink (A} In km :

vV = 46724 A

This is statistically signlficant with » probabiliey of 0.025 but the r’ 18 low
and only 40% of the variation in blind valley volume Is explalned statistically.

Semi-logarithmic plots of total incision in the blind valleys against basin
relief ratio (Figure 9a) and against underground hydraullc gradient (Figure Sb)
show pronounced scatter and exclusion of the four anomalous cases would fall to
yield significant patterns. These gradients do not vary greatly and other factors
may easily obscure any influence they have.
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Figure 9 Scatter diagrams of blind valley volume against basin relief
ratio and underground hydraulic gradient.

These limited and largely negative results of the morphometric analvsis of
the blind valleys are not considered te be the result of the level of accuracy in
the dependent variable bacause the great variation in magnitude of blind welley
volumes swamps the errors. Though no complete predictive eguation for bHlind
valley volume has been derived, the results do help forward understanding of this
fluviokarst relief in that they bring out the vital role of the timing of events,
f.e. oFf underground capture and the partially contradictory operation of the
factors at work.

Thus, although the blind valley wvolume/basin area regression sustains the
principle that the higher the discharge the greater the capacity to deepen a
valley at a streamsink, this only comes into operation after underground capture
has taken place and bhefore the opoccasion the same factor will operate in the
opposite sense, to prevent or delay that capture. The probability of such capture
will depend In part on how blg the stream 1g In relation to the length of
limestone to be crossed,
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Two ratips (Table 4) have been calculated as measure of this relationship:

LL length of present or former sStreamcourse over limestone
TL whole lenath of streamcourss
SL straight line length across limestone

m
=

baslin Tength

Table 4 Ratlo of limestone to full lengths in catchments

Basin
Name LL/TL SL/BL relief ratic
Brownleys Back Craek 0.01 0.01 0.06
Traverse Creek 0.13 0.13 D.16
Yarrangobilly River - all limestone 0.22 0.29 0.04
Yarrangobilly - Leak-in-the-Creek limestone 0.02 0.09 0.05
Yarrangobilly - Natural Bridge limestone 0.14 0.17 0.04
Northernmost Blind Valley 0.09 0.09 0.13
Mill Creek 0.10 0.11 0.14
Rules Creek 0.14 0.20 g.13
Other blind wvalleys 0.25-0.77 0.23-0.63 0.11=0.30
Mean of all blind walleys 0.39 0.36 0.15
(6.0, 0.1%) (5.D. 0.15)

Right Bank 2 wvallay 0.41 0.36 0,30
Right Bank 3 wvalley 0.52 0.42 D.32
Right Bank 4 wvalley 0.15 019 0.17
Right Bank 5 wvalley 0.10 0.10 0.2l
Right Bank & valley 0.32 0.27 0. 36
Right Bank 7 wvalley 0.38 0.24 0.41

Much the largest tributary of the Yarrangobilly, Brownleys Back Creek, has
the Jlowest ratios of all and indeed largely passes over the limestone Insulated
from it by alluvium, In flood it may lese a little water into small eliffs on the
southern side. Traverse Creek was given this name by cavers because it is the
only tributary to cross the limestone strath east of the gorge on the surface. It
does this in flood flow; 1in base fleow Lt sinks progressively ln lts bed below the
volocanics/]limestone contact. Its low ratios explain its fafilure to create a blind
valley.

Yarrangobilly River itself presents a more complex picture bhecause it crosses
limestone over several reaches,. Ratios caleculated by summing these lengths of
limestone have values lying within the range for tributary blind valleys. Taking
the reaches separately, however, tells a different story. A very low ratlo for
the reach which includes Leak-in-the-Creek matches the low proportion of
Yarrangobllly water which goes underground here. Even its longest course over the
limestones, which includes the Natural Bridge, yields ratios below those typleoal
of blind wvalleys. Very low hydraulic gradients, of course, are typlcal of the
main river reaches over limestone, also militating against complete capture.

The low ratios for WNWorthernmost Blind Valley combine with 1its course
tangential to the limestone to explain why blind valley development ls rudimentary
in its case.

Mill Creek and Rules Creek have ratios below the mean values for all bllnd
valleys &and below the Ffull range for the typicel blind valleys of the valley
strath. These low ratios help to explalin why thesa streams have managed to cut
deeply into the limestone and staved off sinking till late in their history.

The right bank tributaries do not sustain this argument in a simple way.
Only Right Bank 2 has a blind valley, the rest become intermittent in flow down
their channels over the limestone near to the Yarrangobilly. Right Bank 4 and
Right Bank 5 have low LL and SL ratios consistent with the¥r behaviour. But Right

TL BL
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Bank 3, Right Bank 6 and Right Bank 7 might he expected to have formed blind
valleys on this count. With Right Bank 5 and Right Bank 7 fallure to do thi= can
be linked to another facter, namely the high relief ratios of their whole
catchments. This entalls the well known principle that very steep ground promotes
surface runoff and inhibits sinking underground of streams. one of the most
surprising Instances of this In Bustralia Is to be found at Bungonia (Jennings,
James, Counsell and Thwalte, 1972) at the Devils Stalrcase. Thiszs strike arBte of
limestene drops wvery steeply but Is double for most of its length with a narrow
gully between. J small plateau catchment feeds water into this gully, which flows
down 1t after heavy raln in short waterfalls untll escaping laterally just above
the final buttress, The steep right bank tributaries of the Yarrangoebilly face
something of the same relief situation whereas the left bank tributaries meet the
reduced gradients of tha limestone strath conducive to sinking. The difference in
behaviour of Right Bank 2 and Right Bank 3 remains inexplicable along these lines
however and some other causs must be sought.

CONCLUSTION

In Slovenla, Gams (1961) dealt wlith much larger blind valleys than those at
Yarrangobllly and the attributes which he compared were the ratio of blind valley
length in Impervicus rocks to length in limestone, the ratio of their 'volume 1in
impervious rocks to wolume In llmestone, and the hardness of the stream water
where it passed onto the limestone. These were related to a threefold division of
the blind valleys inte these which widened in the limestone, those which narrowed
and those which did not change Iin wldth. The ones which narrowed down were
characterised by high hardness on the stream on entry into the limestone and this
waa due te dolomite looming large in the upper catchment. He was alse congcerned
to demonstrate Ffrom his data that corrosion below pervious alluvium was more
responsible for blind valley enlargement in the limestone than lateral corrosion.

This kind of 2pproach (s not transferable to Yarrangobilly. Most wof the
blind walleys widen when they pass onto the limestone and there is 11ttle
varfation in hardness from one allogenic stream te another, though there Is
temporal variation of these streams as a whole.

The sinklng streams and blind valleys, which White and White (1979) studied
in the Appalachians, are much more comparable Iin their ranges of dimensions with
the Yarrangobilly blind wvalleyva than Gams' Slovenian ones. However these authors
integrated dsta Efrom neighhouring blind wvalleys 1lying within a larger closed
depression so that thelr analysis is not fully comparable with the present one.
Wevertheless a5 an example of the basic similarity one can compare their
regression from 39 such compesite blind valleys between total length of sinking
stream and basin aArea

L o=32.29 A" ri=0.68

with that of similar result from the smaller Yarrangoblilly blind valley population
presented above. There is no reason therefore to depart for Yarrangoblilly from
their econeluslon that karstie dralnage does not upset the normal fluvial
morphometric relatienships easily. Thelr reasoning applies here alsa; the basins
have a high fractlon of non—carbonate to carbonate rocks in the catchments and as
a result there i=2 a8 big input of sediment to the caves, hindering underground
development by sediment blockage.

The present study ls primarily directed at the further guestion of the
relationship of Blind valley development to the Fluvial system of which {t is
part. In velumetric terms, this relationshlp Ffalle to find simple expression
bacause of the complex operation of Factors Involved. The size of the s=tream In
proportion to the limestons to be crossed operates In  tws anatagonistic senses.
The bigger the stream the more able it will be to maintain a surface course; once
captured, however, greater discharge will Eashlon a larger blind wvalley, River
gradient functions 1in an even more conflleting way: wvery low and very high
gqradients are onfavourable to underground capture, with an ?ntarmadiate range
which favours it. With low gradients, capture commonly takes the form of meander
spur cutoffs where gradlent across the base of the spur {3 greater than the
general gradient of the river.

Thess factors, and others such as the details of geological structure, will
greatly wvary the timing of capture and the main concliuslon from the analysie Is
that the factor of time Intervenes so much that 1little In the way of dynamic
equilibriuvm can be identified. Capture represents to a degree an accident or an
intervention in a fluvial system and some derangsment of morphometric
relationships Is to be expected. BSuch capture is probably more prevalent in a
emall, impounded karst of the Yarrangobilly type than elsewhere. However, there
is no system to be discerned in the modification of the Yarrangobilly blind
valleys by shifting of the streameink and phases of Incision, the number of eventsa
varying from one to three. Howard (1971) In a simulation modelling study has
maintained that the Introduction of capture simulatlon permlits a bhetter prediction
of the statistical properties of surface river networks than completely random
simulation. Perhaps the study of bBlind valleys along the present lines but In a
karst which provides a larger population of them may permit more positive
concluslons than are possible at Yarrangobilly.
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CAVES, GRAVES AND FOLKLOHE OF NORMANBY TSLAND,

PAPUA NEW GUINEA

Cc.b. 0llier and C.F. Pain

Abstract

A rock shelter in gneiss and several caves in raised coral limestone are described
from Normanby Island. Songs and stories that relate some of the caves to ancestors
and to the mythical origin of the island population are recounted. Cave burials are
described, which are predominantly asccumulations of human skulls.

INTRODUCTION

Normanby Island is the southernmost of the three largest islands of the
D'Entrecasteaux Islands (Figure 1). It is about 25 km north of East Cape, the
eastern extremity of the Papua New Guinea mainland. The island is mountainous,
with only small areas of lewlying ground near the cost. Alrstrips of Eas'ala and
Sehulea are served by scheduled flights from Alatau, the capital of Milne Bay
Provinee, of which Normanby Island is a part.

The geclogy of the island is depicted on the Pergusscn Island 1:250,000
sheet (Davies, 1973) and has been described by Davies (1967). It consists of
granite, metamorphic rocks and ultrabasics, with a few patches of raised coral on
the northern coast. Our fieldwork was confined to the northern and northeastern
parts of the island. In this paper, we reéport & cave or rock ghelter in the gneiss,
and a number of caves in the main limestone. This limestone consisting of uplifted
coral, forms a very dissected terrace reaching elevations of over 200 m in the
fuboda-Kwanaula area (Figure 1). We also report stories connected with some of
the caves.

[
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Figure 1. Location of NWormanby Island, and places named in the text.
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NIKUYAYAWANA

This is the fissure or cave located near the head of the valley immediately
south of Sehulea (Figure 1). The cave may be reached from Sehulea in about 1% hours
of difficult walk over boulder piles and rotten log jams.

= The fissure is in gneiss, with gneissosity dipping about 15° on a bearing of
280" magnetic. Two wvertical joints parallel to the dip direction_are 31 m apart,
and the rock between them is eroded away. The floor slopes at 30 and the upper
part has an overhang inhabited by flying foxes. The fissure is about 30 m long,
but the overhung part is only about 5 m.

The story of the cave

It is said that a man was out walking with hie family. The split appeared
in the mountain, with the man on one side and his family on the other. The old
man who told me this story said the man was his grandfather, but I think he may
have meant simply forefather or ancestor. He also sang a song about the cave,
in Dobuan language.

The song of the cave

1. ¥a luho bena ilugu koya kelibu ninaya
2, Tauwasiwasilele mabotanina ikena

Translated this means:

1. The split goes in. The mountain bhreaks apart.
2. A man [the one in the story] made it happen by magic.

The song consists of line 1 followed by line 2, and then the couplet repeated many
times ovar.

MATAKAPWATAYATAYA AND SINEDADAUYOD

Matakapwatayataya Cave is near the village of Ewanaula, It is about 1 km
inland, in the coral limestone at an elevation of about 50 m in a region of dry
valleys with thick clay cover. The cave entrance is an overhanging cliff;, c¢lose
to a giant fig tree. A crude ladder made of bamboo leads to the cave entrance
which is a amall (1 m)} hole about 3 m above the logal ground level.

MATAKAPWATAYATAYA,

Megen @ STALACTITE

Figure 2. Matakapwatayataya Cave, Rormanby Island.
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Much of the cave (Figure 2) consists of a short stream passage which is
floored by alluvium, mostly clay but also including pebbles of metamorphic rock.
The coral limestone contaings occasional pebbles of metamorphic rock, so these in
the cave might be derived from the limestone rather than carried from more distant
outecrops of metamorphic rock. The cave walls and ceiling show distinet phreatie
features including bell heles and elliptical scallops and holes the size of a
football. Most of the walls are obscured by flowstone, and the cave is decoratad
with a few straws, stalactites, shawls, and one column 15 cm in diamater.

Close to and uphill from Matakapwatayataya is a bigger cave with no name.
It has' a roof showing similar features of flowstone and phreatic solution, and a
convex floor of clay.

Sinedadauyc Cave is at the bottom of a doline about 5 m deep, and is a
coalescence of several steep sided holes. Like the other caves it has walls
partly obscured by flowstone, and partly indicating phreatic solution. Sclution
has been scmewhat complex, with an initial development of broad soluticnal cavities,
followed by etching out of rock detail, so that fossils and structures in the lime-
stone stand out like the grain on an old piece of wood. This may result from
contrasting transport limited and solution-limited reactions. Bercnar (1978) has
suggested that transport-limited solution reactions tend to produce smooth
surfaces, since they are associated with high acidity and/or long solvent/solid
contact times, whereas with low acidity and/or short contact times the solution
process becomes reaction-limited, which favours the development of fretted or
etched surfaces.

The Story of Matakapwatayataya and his mother Sinedadauyo

Matakapwatayataya's mother was called Sinedadauyo. She had no husband.

She had two sons. The first was IGU (bird) and the second one was
WENYASIU (dog).!

They were living with relatives, but a glant called KEDAHUTUWANA® was
killing many people.

Lo the relatives all ran away by cance to Woodlark Island, except for
Sinedadauyo who hid in a cave with her two sons. At this time, she was pregnant
and gave birth to Matakapwatayataya.

Matakapwatayataya had two eyes at the front and also two eyes at the back
of hia head.

Whan Matakapwatayataya grew up, he asked his mother "Where are our relatives?”

His mother told him that the gilant had frightened them away to Woodlark
Island because he killed many people.

Matakapwatayataya sald he wanted to kill the giant, but his mother said
he was too young.

He made spears to kill the gilant.

Then he killed the giant, took his body home to the cave, and they ate him.
After that he asked his mother "Do we have any enemies?”

She told him "We have one enemy, a big wild pig called BAWEGALAGALA."

S50 Matakapwatayataya went and killed the wild pig. He cut off the pig's
tail. He also cut off the giant's beard.

He made a small sailing cance, He put the tail and the beard on the boat
and he sent it to Woodlark. He told the boat "If you hear people talking different
languages don't go to them, but when you hear people talking our language, go to them."

On Woodlark the relatives came down to the beach and saw the sailing boat.
They saw the pig's tail and the giant's beard. They realiged that Sinedadauyo's
baby had grown up and killed their enemies.

! 48 we understand she really did give birth to a bird and a dog, not to humans
who bore these names.

* The giant's house, Kedahutuwana, is a rock shelter near Kwanaula.
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50 the relatives came back to Normanby Island. They landed at KEKULA
{Kwanaula).

Sinedadauyo left the cave to bring saltwater, and she found the relatives
on the beach.

She returned to the cave and told her san that the peocple had returned.

Matakapwatayataya decorated his face and his body with ash’, and left the
cave. He went to see the people on the beach.

The people were frightened of him. The saw his four eyes. The people all
turned into stones.

He went back to the cave and told his mother.
She said "Get a big octopus called HANEBUYUWETA."™

He speared this octopus'. The ink from the octopus splashed up and closed
the eyes at the back of his head. He ran back to his mothear. He cried te his
mother that the octopus had got him.

Sinedadauyo said "It is your own fault. I told you not to kill the octopus."

She said "We will leave this cave and go to another place to live." They
went straight to BWARUADA.

Matakapwatayataya went into a deep hole in the sea. He called from the
bottom "Mother, do you see me or not?"

She said "I cannot see you. T will give you some advice."
He stood up.

She said "If you see people sailing arcund, do not kill them. If rainfall
and floods come, logs will come cut of the river, and then you can do what you want."

She then gave advice to the two brothers. She told Igu to stay at ULOGO
(on Sanaroa Island, just east of Ferguseon Island). She told Wenyasiu to stay at
EALTTABUYA (northeastern Fergusson Island). Then Matakapwatayataya said to his
mother, "Mother, you stay there and I'll stay down here." Matakapwatayataya and
Sinedadauyo both turned into stones.

Our stories in western culture tend to have a strong story line, reaching
a climax and evan a moral principle or 4 punch line. The cave legends we have
heard in Papua often seem to western ears to be rambling, pointless and illogical,
and on this basis, the stery of Matakapwatayataya and his relations is authentic.
Like other stories of Papua it relates to certain features of the landscape. Just
how these are selected is not clear, for there are other, un-named caves that appear
just as impressive as those included in the story, and similarly there are more
spectacular rocks and bigger bays than those in the leqgend. We read this story to
several groups of people in Esa'ala, and it was always received with great interest
and pleasure, and a few adults remember hearing the story when they were children.

It was also clear that the guides who took us to the cave were familar with
the tale, but would not tell it to us. Instead they took us to an old man in Luboda
village, perhaps the official teller of tales, who told it with considerable verve.
It seems that the story is not tabu, but neither is it gquite free to be told by
anyone, at least in the villages close to the caves.

BWAEWAITABAULM

This may be a big cave, but all we saw was the entrance which is a vertical
cleft about 2m by 60 cm, and 7 m deep. The bottom is clearly visible, and di=s a
flat floor, part of a chamber considerably bigger than the cleft.

The special interest of this cave is its former use, for it is said that
in olden days mad people were thrown down this hole. No further details are
available, but it seemed to us that the drop is not sufficient to ensure instant
death, and anyone thrown down might survive, although injured. There is no account
of eny mad people escaping, so presumably they would die of starvation. No bones
were visible from the top.

'covaring the body with ash or scot is still done at times, such as when a widow
is in mourning.

*The place of the octopus is a deep embayment in the coast near Mwaduna.
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PFlate 1. Skulls in a natural coral depression at Hesai, Normanby Island.

—

Flate 2. Skulls on a coral ledge near KEwanalau School, Normanby Island.
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Plate 3. Pottery associated with skulls near Ewanalau School, Normanby Island.

Plate 4. Skulls at Miyaru Point, Normanby Island. WNote the wall made of coral blocks.
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CAVE BURIALS

A number of caves and other suitable sites in limestone have been used in
the past for cave burials. Some of these gites are still tabu; we were on the
verge of being taken to two caves but we were warned off by old people bacause
"they are our relatives®. We were not able to discover how recently cave burial
has occurred, but in the light of what we known of cave burials in Milne Bay
Province, it is likely that the burials are ancient, though on some islands, the
practice continued into times of living memory (Ollier and Holdsworth, 1977).

Baruada Isoyena

This is acttially the name of the hill on which the cave is found at an
elevation of 190 m in limestone. Numerous skulls have been deposited in the cave
but there are no other bones, no pottery remains, and no signs of structures.

On one high shelf there are 85 skulls. At lower levels many small solution
hollows have served as containers for five to ten skulls.

Nesai

Behind the village of Lelebogai at an elevation estimated to be about
100 m there is a small patch of karst consisting of small tabular elevations about
a metre high separated by narrow corridors. One of these "tables" is hollow, and
has bheen used as a container for skulls. There is a natural partition inside, but
both sides have bean filled by skulls. At least ten skulls are present, but wa
did not disturb them, and there could be more if the hollow is deep. The skulls
seem relatively large, so presumably are all adult, and have no signs of injuries.
No other bones were present, nor any pottery fragments. The skull container is
protected by slabs of slate, which were removed to examine and photograph the
gkulls (Plate 1) and then replaced, together with chunks of coral that help to
hold the slabs down.

Meyabana

¥wanaula School (Figure 1) is on a plateau bounded by cliffs near a point
called Meyabana. The same name is given to a burial site. This is on a ledge up
to two metres wide, about 7 m below the plateau (at the base of a slightly over-
hanging cliff) and with a steep cliff below, perhaps 15 m above sea level. The
cave is reached by descending a gully to the west and then traversing the cliff
to the ledge. There is a small sky-light in the "roof" of the overhanging cliff,
but it does not allow easy access.

There are 3 groups of bones on the ledge. The best preserved group is in
the centre where a shelf has been constructed out of slabs of slate, and on this
18 skulls have been arranged. We are not experts on bones, but judge that both
male and female were present, and in general the bones seemed on the small side,
though we did not distrub them or measure them. WNo injuries or drill holes were
evident.

To the east a small solution hole has bheen used to store skuolls, and then
been walled off by lumps of coral to make what we have previously called a crypt.
The skulls were similar in the central heap, and without disturbing them were
estimated to number 18.

To the west are the remains of another slate shelf, and the skulls that were
originally plled on it. There are 16 skulls on this broken shelf, similar to the
rest.

Scattered around on the platform are another 40 skulls (Plate 2}. Whether
these were originally neatly arranged is not known, but it is quite possible that
they were and have been subsequently scattered. With this total of 94 skulls, which
might easily exceed a hundred if the skulls were moved to reveal pessible hidden
ones, it is surprising that the only other bones present are four limb bones (thought
to be the remaine of two legs) amongst the scattered skulls.

On the ledge, in front of the western shelf-assemblage, are 2 pots with
diameters of about 25 cm and 45 ¢m. Both were inverted and empty. We moved the
pots to photograph their shape and their ornament (Plate 3) and replaced them as
we found them. We do not yet know if the shape and ornament will be sufficient
to determine thelr provenance. At present pottery used on Hormanby Island comes
from the Wale and Tubetube (scuth of Basilaki Is. in the Engineer Group), and
pottery is still in general use in many of the villages.

Miyaru Point

South of Ewanaula School, near Miyaru Point (Figure 1) there is a group
of burials in c¢lefts and ledges in the coral limestone. At levels only about
1 - 2 m above sea level the following burials were cbserved:
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1. At least 18 skulls are contained in a cleft walled off with lumps of
coral.

2. A small cave a few metres away has a number of heads as well as a
variety of other bones including ribs, vertebrae, and limb bones.

3. Ten heads were counted in a walled off notch cut under a large block
of coral; these skulls could well obscure others behind (Plate 4).

In addition, 82 skulls are present on a ledge high up on a coral pinnagle,
about 15 m Erom the beach, and ‘8 - 10 m above sea level. A few of these skulls
are vigible from below the pinnacle; the ledge is difficult of access. Our guides
did not know whether the place had any special name. HNo pots were observed at
thie site.

CONCLUSIONS

Elsewhere in the Milne Bay Province (the most complete information compes
from the Trobriands - 0Ollier and Noldsworth, 1977) burials include both skulls and
large guantities of other bones as well. Dead bodies were first buried in the
ground, and after some months when the flesh had decayed the bones were exhumed
and often deposited in a cave. Usually many bones were transferred, and although
many small bones were lost the cave burials included many limb bones, and smaller
numbers of other bones ag well as skulls. The remains were often placed in &
container such as a pot, and pots and pottery fragments are freguently associated
with the cave buriale. BSome of the skulls have injuries, and some have drill holes
made after death.

On Normanby Island, by compariscn, burials consist largely of skulls, with
very few other bones; only one exception to. this was found, in an admittedly small
sample. The presence of large numbers of skulls in cave burials appear to be a
special feature of the Normanby burials. We have observed a similar cave in only
oneé other location. Hinauta Cave, on Misima, was floored wall-to-wall with skulls
and in spite of a few other bones and pottery Ffragments, is pre-eminently a skull
cave (Pain and Ollier, 1978). Perhaps there is a link between the skull cave on
Migima and the similar cave burials on Normanby.
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