




















MODIFICATION OF SKELETON ISLANDS 
BY MARINE EROSION 

On one side only, that facing Cook Strait, the outline of Arapawa skeleton 
island has been destroyed by marine erosion (Fig. 3A), for the other shores 
of the island are subject to attack only by waves on the sheltered waters of 
Queen Charlotte Sound and Tory Channel (Figs. 3A, 4). Their side slopes have 
been regraded by subaerial (probably in part cryergic) processes in glacial ages, 
but have been scarcely notched by marine erosion since sea level became stabilised 
several thousand years ago. On the Cook Strait side half of the north-eastern 
part of the island has been removed and replaced by a north-south line of cliffs 
which (at Wellington Head) are nearly 600 m high - the cliffs plunging into 
water 70 m deep (Cotton, 1968: 50). Could the missing part be restored, the 
island would have as perfect a skeletal form as the "type" Kakeroma Island 
(Ryukyu Group), as shown in Fig. 3B. Though it is possible that, according to 
Darwin's principle (Cotton, 1969), some of the truncation of the island by 
cliffing along the Cook Strait line took place during the early subsidence, much 
of it is attributable, no doubt, to the successive transgressions of glacio-eustatic 
origin in the Pleistocene. On Kakeroma Island some high headlands facing the 
open ocean are cliffed, but their truncation has not proceeded very far. Davis 
(1928) has explained the cliffing of headlands of Kakeroma as due to disappear-
ance, produced by climatic change, of coral reefs that had previously protected 
the skeleton shoreline. 

ISLANDS IN THE NEAR-SKELETON CATEGORY 

There are several almost-skeleton islands or skeleton islands in an immature 
or arrested stage of development in the New Zealand region, e.g. D'Urville 
Island, Stewart Island, and Kawau, Great Barrier, and Great �~�A�e�r�c�u�r�y� Islands. 
off the Auckland coast. Among the most conspicuous Australian examples is 
Whitsunday Island on the east coast of Queensland. 

In the case of Stewart Island, though cryergic processes may have produced 
landform changes, the divides, as initially submerged, were apparently not narrow 
enough for reduction to true skeletal ribs. It is uncertain whether any of the 
other islands mentioned above could attain the leggy, or narrow-ribbed, stage 
of an emaciated skeleton island even with a climatic stimulus that would develop 
valley-head amphitheatres during glacio-eustatic oscillation of sea level. 

In all these cases deep drowning of maturely dissected landscapes must have 
taken place as the result of subsidence of the land (see subcategory 4a of islands, 
above). In the case of D'Urville Island this would be contemporaneous with 
that of the rest of the Marlborough Sounds district, but in the case of the other 
islands it may have been earlier or later. Some of the valleys that became arms of 
the sea as a result of the first subsidence may have been enlarged later throughout 
their length by subaerial erosion in the ages of low sea level accompanying 
Pleistocene glaciations. 

PREFERRED HYPOTHESIS IN EXPLANATION 
OF THE ORIGIN OF SKELETON ISLANDS 

The writer's hypothesis of origin of skeleton islands as exemplified in the 
Marlborough Sounds district may be recapitulated as follows - rather ancient 
dissection to maturity of a terrain of somewhat resistant rocks takes place, with 
the excavation of deep valleys and the development of branching systems of 
rivers. Both the main and the principal tributary streams have gentle gradients 
nearly to the valley heads. Topographic form is henceforth subject to only 
very slow change. 
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Strong and perhaps rapid subsidence supervenes, leading to intricate drown-
ing, with submergence of some divides. This produces islands of skeletDn and 
near-skeleton form. Subsidence either ceases or becomes extremely slow abDut the 
beginning of the Pleistocene, and in later time glacio-eustatic oscillation of sea 
level causes numerous withdrawals of the sea from the rias. These are accompanied 
by some enlargement of valley-heads to amphitheatres, and are followed by re-
submergences. Thus the shorelines of rias and islands, though nDt very different 
from those produced by the initial submergence by subsidence, are nDW actually 
post-glacial. as is the case in nearly every other part Df the world. 

AN ALTERNATIVE HYPOTHESIS 
(THE KAKEROMA THEORY) 

Though the same theory might be fDund applicable to the Ryukyu skeleton 
islands, of which Kakeroma is an example, the explanatiDn offered by Davis 
(1928) for the origin and partial submergence of landscape forms is quite different. 

Before discussion of Davis's explanatory description of KakerDma Island a 
comparison may be made Df the erosiDnal results of rapid and slow subsidence 
of a land mass (Fig. 5). In Fig. SA a land surface more Dr less similar to' that 
of the Marlborough Sounds district is shown at the maturely dissected but as 
yet unsubmerged stage. Sector B shows the result of very rapid submergence, 
or of perhaps less rapid submergence in the case where a coast is not fully 
exposed to the attack Df ocean waves. Should some cliffing of headlands take 
place at an early or some later stage of this submergence, the cliffs then cut 
may be submerged later by acceleration of the subsidence. In a tropical environ-
ment, if fringing coral reefs are sufficiently developed at any stage of the subsi-
dence to afford protection, the end product Df subsidence and its consequences, 
wDuld be a coast perhaps as deeply indented by rias as that of MarlborDugh 
Sounds. 

(In the preparation of Fig. 5 progressive subsidence has been shDwn as sea 
level rising relative to the land.) Sectors e, D, and E of Fig. 5 ShDW the effects 
of rather slow submergence by stages, the total change Df relative sea level 

Figure 5. The effects of rapid (B) and slow (C, D, E) subsidence on a thoroughly 
dissected ancient land surface (A). (See text.) 
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Figure 6. Slightly modified copy of a diagram drawn by W. M. Davis in explan-
ation of the origin of the skeleton islands ( especially Kakeroma) in 
the Ryukyu chain. An origin by dissection stimulated by cliff retreat 
is assumed for the relief of a landscape later drowned bv s~bsidence. 

(See text). 

being the same as in Fig. 5B. Provided that the coast is exposed to ocean 
waves, cliffing of the margin goes on prDgressively with subsidence, a cDmplemen-
tary cut platform being developed in frDnt of the cliffs, as shDwn in SectDr D 
of Fig. 5. 

As the coast is progressively cut back by cliffing the influence of sea level 
as a base level of erosion becomes effective in zones farther and farther inland; 
the effects of cliff retreat being essentially the same as increase of available relief. 
Some erosional lowering of the land surface will go Dn, especially as destruction 
of a land mass by marginal cliffing is . a slow process. Erosional lowering may 
take place in twO. ways: (a) by dissection to and throughout the stage of maturity 
by deepening of valleys progressively rejuvenated at their mouths, as well as by 
the incision of probably numerDUS newly · developing valleys, mainly insequent; 
and (b) by mass wastage. The outline of the land (the coastline) becomes mature 
at an early stage of cliffing. Though both the processes a and b will generally 
be active, one or other may be dominant. In a diagram by Davis (1928, Fig. 89) 
domiIiance Df the dissection process is assumed, but in Fig. 5, C, D, and E mass 
wasting is shown as dominant. 

A deep dissection Df the terrain, with IDng thoroughly graded valleys similar 
to the presumable fonn of the Marlborough SDunds landscape before the great 
subsidence, is shDwn in Fig. 5, A. This condition does nDt favDur deepening of 
lower valleys in an early stage of cliff retreat (Fig. 5, C) because the gradient 
seaward of the cut rock platform · in front of the cliffs (though it depends on 
the rate of subsidence and cliff-cutting) will almost certainly be steeper than that 
of the graded valleys as shown (Sector A). At a much later stage of cliff retreat 
(Sector E), however, the reverse witH be the case because of the steepened 
headwater valley gradients. Until this stage is reached it ils clear that the lowering 
Df the land surface by weathering and mass movements may greatly exceed 
that due to dissection, though obviously erodibility of the terrain and climatic 
conditions will have to be taken into account in any particular case. The argument 
of Daly (1927: 90) thal rejuvenation, with development of valley-in-valley 
forms. is not to be expected in the coastal valleys of 5t. Helena Island because 
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the gradient of the Dffshore cut platform, which emerges during withdrawals 
of the sea, is gentler than that of valley profiles betrunked by cliffing depends 
on evaluation of the possibility of vertical corrasion by extended streams. It 
is not here applicable, therefore. Progressive deepening is to be expected in 
the valleys at stages D and E, however, instead Df true rejuvenation which, 
by making valley-in-valley forms, indicates pauses or reversals in the subsidence~ 
this introduces cases not at present under cDnsideration. 

Perhaps an excessive amDunt of wasting of the land surface is shown in 
Fig. 5, C, D, E. In the Marlborough Sounds wasting seems to' be very slow, 
land sliding being infrequent, and this seems to be the case in many of the 
greywacke ranges of New Zealand - except where sliding has ceen precipitated 
by severe earthquakes, as it was on the Rimutaka Range in 1855. Lauder (1964) 
has, moreover, seen little evidence of appreciable change in greywacke slopes in 
the last 10,000 or 100,000 years. Selby (1967) has, however, found rapid wasting 
Df the surface by mass movements in progress on some greywacke ranges in the 
Waikato district. 

Kakeroma and the adjacent island north of it, like the Marlborough Sounds 
district of New Zealand, are remnants of a land mass with a core of deformed 
ancient sedimentary rocks (in part Permian), but with some igneous intrusions (Han-
zawa, 1935). A great lowering of the sea level relative to the land, followed by 
reversal of the movement, has been suggested by Hanzawa (1935: 17, 18) in the 
whole of the Ryukyu island region as well as in the main islands of Japan. The topo-
graphy of Kakeroma is of the same type as that of the larger island just north 
Df it, the strait between being a drowned valley (Hanzawa, 1935: 19). The land-
forms Df Kakeroma were explained by Da vis ( 1928) with an assumption that 
relief develDped pari passu with the earlier and slower part of a movement Df 
subsidence (Fig. 6, A, B, C), the earliest stage shown of the landscape evolut~on 
being a surface (presumably an upheaved surface of planation) sloping seaward, 
the surface being smooth as yet except for immaturely developed valleys that 
have been deepened in response to and during the earliest cliffing (Fig. 6, A). 
This stage can only be regarded as hypothetical and tentative: it is analogous, 
however, with the initial (constructional) slope of the flank of an oceanic-island 
volcano, in the case of which dissection of the interior Df the island accompanies 
and is largely a result of retreat of cliffs at the margin. Such dissection becomes 
more mature and deeper (with increasing available relief) as cliffing of the island 
proceeds (Cotton, 1969a: 199). Davis's conception of the development of the 
relief is shown by the stages B and C~ marginal cliffs are shown as receding as 
subsidence goes on, and the relief, developing early to maturity, passes through 
changes of form according to the procedure (a) referred to on an earlier page, 
by deepening of valleys continuously cut back at their mouths together with 
development of secondary valleys thereby stimulated. 

The successiDn Df changes must be supposed to continue over a long period, 
for Kakeroma Island is bordered on the exposed (south) side by a shelf 8 to 
10 km wide (Davis, 1928, map, fig. 86). This indicates the amount of cliffing 
back of the land that is postulated (Fig. 6), for, if the assumed history is correct, 
the shelf must be underlain by the rock platform contempDraneously cut. (Davis's 
diagram shows this as covered by a thick sedimentary accumulation - somewhat 
thinned in copying Fig. 6 frDm Davis's Fig. 87). The depth of the shelf-edge is 
180 m (Davis, 1928: 193), whereas the platform that must be postulated as cut 
during progressive subsidence will probably slope down to a depth of hundreds 
of metres, and so the outer part of the sedimentary cover on it, if such cover 
makes the existing shelf, must be of very great thickness. If the shelf were, on 
the other hand, merely a nearly bare cut platform, such as generally develops 
during the cliffing back of islands undergDing submergence (Cotton, 1969) its 
small depth could not be reconciled with the scale of the dissection to strong 
relief (325 m) Df Kakeroma Island, to the relief of which must be added the 
depth of submergence of the island. 
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There is an unusually great depth of water on the shelf near the landward 
margin - commonly 90 to 140 m at a distance Df 1 to 2 km from Kakeroma 
Island. This must be considered with the great depth of the shelf-edge (180 m), 
which is greater by 50 m than the usual depth at the edge of the continental 
shelf, and is nearly twice the usual depth at the edge of shelves of the Ryukyu 
Islands - 100 m (Hanzawa, 1935: 10). These depths seem to indicate the 
rather recent subsidence of Kakeroma Island and so to confirm the latter part 
of its history as shown in Fig. 6, D, E. 

It seems quite possible, if not probable, that the shelf - in common with 
most continental shelves - is almDst entirely a feature built of accumulated 
sediment and that the sediment is for the most part not of strictly local origin. 
It may, moreover, be a rather ancient feature. If a rock platform underlies it this 
is probably much less extensive than that shown in the diagram by Davis (or in 
Fig. 6), which implies alsO' that the sediment built into the shelf is derived from 
the land mass of which Kakeroma Island is a remnant. More probably, however, 
practically all the debris produced by abrasion in the shallow water bordering 
retreating cliffs would be pulverised and transported seaward, partly in suspen-
sion, to' be deposited over a wide area (Cotton, 1969: 196). 

Such then is the theory devised by Davis to account for all but the latest 
stages of development of the land forming Kakeroma Island. Va1leys on the 
island are. without any special explanation of this, assumed to have been opened 
out at their heads into amphitheatres, and the final skeletonisation has been brOlught 
abDut by acceleration of subsidence (Fig. 6, D, E). In the block diagram 
accelerations of subsidence are indicated by steepenings of the profile of the cut 
platform (Fig. 6, B, C, D, E). Incidentally, the rate of subsidence is assumed 
to be variable throughout the history of the truncation and dissection of the land. 

An attempt might be made to apply the Kakeroma theory to' the history of 
Arapawa Island, but, though the north-eastern border of the Mariborough Sounds 
district may have been at one time exposed to vigorous marine erosion, as the 
CDok Strait side of Arapawa Island still is, the effects of perhaps three miUion 
years of Pleistocene glaoiJo.-eustatic oscillation of sea level would have tOl be 
evaluated (as has not been done for Kakeroma). 
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