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2 INTRODUCTION,

Pyrard de Laval, in the year 1605, exclaim, ¢ C’est une
merueille de voir chacun de ces atollons, enuironné d’un
grand banc de pierre tout autour, n’y ayant point d’arti-
fice humain.” The accompanying sketch of Whitsunday
Island, in the S. Pacific, taken from Capt. Beechey’s ad-
mirable Voyage, although excellent of its kind, gives but a
faint idea of the singular aspect of one of these lagoon-islands.

Whitsunday Island is of small size, and the whole circle has
been converted into land, which is a comparatively rare
circumstance. As the reef of a lagoon-island generally sup-
ports many separate small islands, the word island,’ applied to
the whole, is often the cause of confusion; hence I have
invariably used in this volume the term ¢atoll,’ which is
the name given to these circular groups of coral islets by
their inhabitants in the Indian Ocean, and is synonymous
with ¢lagoon-island.’

Barrier reefs, when encircling small islands, have been
comparatively little noticed by voyagers; but they well
deserve attention. In their structure they are little less
marvellous than atolls, and they give a singular and most
picturesque character to the scenery of the islands they sur-
round. In the accompanying sketch, taken from the voyage
of the Coquille, the reef is seen from within, from one of the
high peaks of the island of Bolabola.* Here, as in Whit-
sunday island, the whole of that part of the reef which is

# T have taken the liberty of simplifying the foreground, and leaving
out a mountainous island in the far distance.












6 EEELING ATOLL. [cH. L. SECT. L

The section is true to the scale in a horizontal line, but it
could not be made so in a vertical one, as the average greatest
height of the land is only between six and twelve feet above
high-water mark. I will describe the section, commencing
with the outer margin. I must first observe that the reef-
building polypifers, not being tidal animals, require to be
constantly submerged or washed by the breakers. I was
assured by Mr. Liesk, a very intelligent resident on these
islands, as well as by some chiefs at Tahiti (Otaheite), that an
exposure to the rays of the sun for a very short time inva-~
riably causes their destruction. Hence it is possible only
under the most favourable circumstances, afforded by an
unusually low tide and smooth water, to reach the outer
margin, where the coral is alive. 1 succeeded only twice in
gaining this part, and found it almost entirely composed of a
living Porites, which forms great irregularly rounded masses
(like those of an Astresea, but larger) from four to eight feet
broad, and little less in thickness. These mounds are sepa-
rated from each other by narrow crooked channels, about six
feet deep, most of which intersect the line of reef at right
angles. On the furthest mound, which I was able to reach
by the aid of a leaping-pole, and over which the sea broke
with some violence, although the day was quite calm and the
tide low, the polypifers in the uppermost cells were all dead,
but between three and four inches lower down on its side
they were living, and formed a projecting border round the
upper and dead surface. The coral being thus checked in
its upward growth, extends laterally, and hence most of the
masses, especially those a little further inwards, had broad
flat dead summits. On the other hand I could see, during
the recoil of the breakers, that a few yards further seaward,
the whole convex surface of the Porites was alive: so that
the point where we were standing was almost on the exact
upward and shoreward limit of existence of those corals
which form the outer margin of the reef. We shall pre-
sently see that there are other organic productions, fitted to
bear a somewhat longer exposure to the air and sun.
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in the hopes of tearing up the coral, were broken. Many
small fragments, however, of Millepora alcicornis were brought
up; and on the arming from an eight-fathom cast, there
was a perfect impression of an Astreea, apparently alive.
I examined the rolled fragments cast on the beach during
gales, in order further to ascertain what corals grew outside
the reef. The fragments consisted of many kinds, of
which the Porites already mentioned and a Madrepora,
apparently the M. corymbosa, were the most abundant.
As I searched in vain in the hollows on the reef and
in the lagoon, for a living specimen of this Madrepore,
I conclude that it is confined to a zone outside, and be-
neath the surface, where it must be very abundant. Frag-
ments of the Millepora alcicornis and of an Astreea were
also numerous ; the former is found, but not in proportionate
numbers, in the hollows on the reef; but the Astreea I did
not see living. Hence we may infer, that these are the
kinds of coral which form the rugged sloping surface, (re-
presented in the wood cut by an uneven line) round and be-
neath the external margin. Between 12 and 20 fathoms the
arming came up an equal number of times smoothed with
sand, and indented with coral: an anchor and lead were lost
at the respective depths of 13 and 16 fathoms. Out of twenty-
five soundings, taken at a greater depth than 20 fathoms, every
one shewed that the bottom was covered with sand; whereas
at a less depth than 12 fathoms, every sounding shewed
that it was exceedingly rugged, and free from all extraneous
particles. Two soundings were obtained at the depth of 360
fathoms, and several between 200 and 300 fathoms. The
sand brought up from these depths consisted of finely tri-
turated fragments of stony zoophytes, but not, as far as I
could distinguish, of a particle of any lamelliform genus:
fragments of shells were rare.

At a distance of 2200 yards from t.he breakers, Captain
FitzRoy found no bottom “with a line 7200 feet in length ;
hence the submarine slope of this coral formation is steeper
than that of any voleanic cone. Off the mouth of the lagoon,
and likewise off the northern point of the atoll, where the

el 1 o
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space of about 20 yards in width, either under the form of
separate mammillated projections, where the outer masses of
coral are separate, or more commonly, where the corals
are united into a solid margin, as a continuous smooth convex
mound, (B in wood-cut,) like an artificial breakwater. Both
the mound and mammillated projections stand about three
feet higher than any other part of the reef, by which term I
do not include the islets, formed by the accumulation of rolled
fragments., We shall hereafter see that other coral reefs are
protected by a similar thick growth of Nulliporee on the
outer margin, the part most exposed to the breakers, and
this must effectually aid in preserving it from being worn
down. |
The wood-cut represents a section across one of the islets
on the reef, but if all that part which is above the level of C
were removed, the section would be that of the simple reef,
as it occurs where no islet has been formed. It is this reef
which essentially forms the atoll. It is a ring, enclosing the
lagoon on all sides except at the northern end, where there
are two open spaces, through one of which ships ecan enter.
The reef varies in width from 250 to 500 yards ; its surface
is level, or very slightly inclined towards the lagoon, and at
high-tide the sea breaks entirely over it: the water at low
tide thrown by the breakers on the reef, is carried by the
many narrow and shoal gullies or channels on its surface,
into the lagoon: a return stream sets out of the lagoon
through the main entrance. The most frequent coral in
the hollows on the reef is Pocillopora verrucosa, which grows
in short sinuous plates, or branches, and when alive is of
a beautiful pale lake-red: a Madrepora, closely allied or
1dentical with M. pocillifera is also common. As soon as an
islet is formed, and the waves are prevented breaking entirely
over the reef, the channels and hollows in it become filled
up with cemented fragments, and its surface is converted
into a hard smooth floor, (C of wood-cut), like an artificial
one of freestone. This flat surface varies in width from
100 to 200, or even 300 yards, and is strewed with a
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neath the surface are cemented into a solid mass, which
is exposed as a ledge (D of the wood-cut), projecting
some yards in front of the outer shore, and from two
to four feet high. This ledge is just reached by the
waves at ordinary high-water: it extends in front of all the
islets, and everywhere has a water-worn and scooped appear-
ance. The fragments of coral which are occasionally cast on
the ¢flat’ are during gales of unusual violence swept together
on the beach, where the waves each day at high-water tend
to remove and gradually wear them down; but the lower
fragments having become firmly cemented together by the
percolation of calcareous matter, resist the daily tides longer,
and hence project as a ledge. The cemented mass is gene-
rally of a white colour, but in some few parts reddish from
ferruginous matter: it is very hard, and is sonorous under
the hammer: it is obscurely divided by seams, dipping at a
small angle seaward: it consists of fragments of the corals
which grow on the outer margin, some quite and others
partially rounded, some small and others between two and
three feet across; and of masses of previously-formed con-
glomerate, torn up, rounded, and re-cemented : or it consists
of a calcareous sandstone, entirely composed of rounded par-
ticles, generally almost blended together, of shells, corals,
the spines of echini, and other such organic bodies ;—rocks,
of this latter kind, occur on many shores, where there are
no coral-reefs. The structure of the coral in the conglo-
merate has generally been much obscured by the infiltration
of spathose calcareous matter; and I collected a very inter-
esting series, beginning with fragments of unaltered coral,
and ending with others, where it was impossible to discover
with the naked eye any trace of organic structure. In some
specimens I was unable, even with the aid of a lens, and by
wetting them, to distinguish the boundaries of the altered
coral and spathose limestone. Many even of the blocks of
coral lying loose on the beach, had their central parts altered
and infiltrated,

The lagoon alone remains to be described; it is much
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sand. Large soft banks of similar, but even finer grained
mud, occur on the S.E.shore of the lagoon, affording a
thick growth of a Fucus, on which turtle feed: this mud, al-
though discoloured by vegetable matter, appears from its
entire solution in acids to be purely calcareous. I have
seen in the Museum of the Geological Society, a similar
but more remarkable substance, brought by Lieut. Nelson
from the reefs of Bermuda, which, when shewn to several
experienced geologists, was mistaken by them for true
chalk. On the outside of the reef much sediment must
be formed by the action of the surf on the rolled frag-
ments of coral; but, in the calm waters of the lagoon, this
can take place only in a small degree. There are, however,
other and unexpected agents at work here: large shoals
of two species of Scarus, one inhabiting the surf outside the
reef and the other the lagoon, subsist entirely, as I was
assured by Mr, Liesk the intelligent resident before referred
to, by browsing on the living polypifers. I opened several
of these fish, which are very numerous and of considerable
size, and I found their intestines distended by small pieces
of coral, and finely ground calcareous matter. This must
daily pass from them as the finest sediment; much also must
be produced by the infinitely numerous vermiform and mol-
luscous animals, which make cavities in almost every block
of coral. Dr. J. Allan of Forres, who has enjoyed the
best means of observation, informs me in a letter, that the
Holuthurize (a family of Radiata), subsist on living coral;
and the singular structure of bone within the anterior ex-
tremity of their bodies, certainly appears well adapted for
this purpose. The number of the species of Holuthuria, and
of the individuals which swarm on every part of these
coral-reefs, is extraordinarily great; and many ship-loads are
annually freighted, as is well known, for China with the tre-
pang, which is a species of this genus. The amount of coral
yearly consumed, and ground down into the finest mud, by
these several creatures, and probably by many other kinds,
must be immense. These facts are, however, of more im-
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atoll may be considered as of moderate dimensions and of
regular form. Of the thirty-two islands surveyed by Capt.
Beechey in the Low Archipelago, the longest was found to
be thirty miles, and the shortest less than a mile; but
Vliegen atoll, situated in another part of the same group,
appears to be sixty miles long and twenty broad. Most of
the atolls in this group are of an elongated form; thus
Bow Island is thirty miles in length, and on an average
only six in width (See Fig. 4, Plate L), and Clermont Ton-
nere has nearly the same proportions. In the Marshall
Archipelago (the Ralick and Radack group of Kotzebue)
several of the atolls are more than thirty miles in length, and
Rimsky Korsacoff is fifty-four long, and twenty wide at the
broadest part of its irregular outline. Most of the atolls in
the Maldiva Archipelago are of great size, one of them
(which, however, bears a double name) measured in a medial
and slightly curved line, is no less than eighty-eight geogra-
phical miles long, its greatest width being under twenty, and its
least only nine-and-a-half miles. Some atolls have spurs
projecting from them; and in the Marshall group there are
atolls united together by linear reefs, for instance Menchioff
Island, (See Fig. 3, Plate II.) which is sixty miles in length,
and consists of three loops tied together. In far the greater
number of cases an atoll consists of a simple elongated ring,
with its outline moderately regular.

The average width of the annular reef may be taken at
about a quarter of a mile. Capt. Beechey* says that in the
atolls of the Low Archipelago it exceeded in no instance half
a mile. The description given of the structure and propor-
tional dimensions of the reef and islets of Keeling atoll, ap-
pears to apply perfectly to nearly all the atolls in the Pacific
and Indian oceans. The islets are first formed some way
back either on the projecting points of the reef, especially if
its form be angular, or on the sides of the main entrances
into the lagoon—that is in both cases, on points where the
breakers can act during gales of wind in somewhat different

* Beechey's Voyage to the Pacific and Beering's Straits, chap. viii.
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which have the same structure as the submerged and defined
portions just described. The Speaker’s Bank offers an excel-
lent example of this structure ; its central expanse, which is
about 22 fathoms deep, is 24 miles across; the external rim is
of the usual width of annular reefs, and is well-defined ; it lies
between 6 and 8 fathoms beneath the surface, and at the same
depth there are scattered knolls in the lagoon. Capt. Moresby
believes the rim consists of dead rock, thinly covered with
sand, and he is certain this is the case with the external
rim of the Great Chagos Bank, which is also essentially a
submerged atoll. In both these cases, as in the submerged
portion of the reef at Peros Banhos, Capt. Moresby feels sure
that the quantity of living coral, even on the outer edge
overhanging the deep-sea water, is quite insignificant. Lastly,
in several parts of the Pacific and Indian Oceans there are
banks, lying at greater depths than in the cases just men-
tioned, of the same form and size with the neighbouring
atolls, but with their atoll-like structure wholly obliterated.
It appears from the survey of Freycinet, that there are banks
of this kind in the Caroline Archipelago, and, as is reported,
in the Low Archipelago. When we discuss the origin of the
different classes of coral formations, we shall see that the
submerged state of the whole of some atoll-formed reefs,
and of portions of others, generally but not invariably on the
leeward side, and the existence of more deeply submerged
banks now possessing little or no signs of their original atoll-
like structure, are probably the effects of a uniform cause,—
namely, the death of the coral, during the subsidence of the
area, in which the atolls or banks are situated.

There is seldom, with the exception of the Maldiva atolls,
more than two or three channels, and generally only one
leading into the lagoon, of sufficient depth for a ship to
enter. In small atolls, there is usually not even one. Where
there is deep water, for instance above twenty fathoms, in
the middle of the lagoon, the channels through the reef are
seldom as deep as the centre,—it may be said that the rim
only of the saucer-shaped hollow forming the lagoon is
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the island, and this shows that some explanation, quite
different from any of those just suggested, is required.
The continuation of the reefs on each side of the submarine
prolongation of New Caledonia, is an exceedingly interest-
ing fact; if this part formerly existed as the northern ex-
tremity of the island, and before the attachment of the coral
had been worn down by the action of the sea, or if it origi-
nally existed at its present height, with or without beds of
sediment on each flank, how can we possibly account for the
reefs, not growing on the crest of this submarine portion,
but fronting its sides, in the same line with the reefs which
front the shores of the lofty island? We shall hereafter see,
that there is one, and I believe only one, solution of this
difficulty.

One other supposition to account for the position of en-
circling barrier-reefs remains, but it is almost too preposterous
to be mentioned ;—namely, that they rest on enormous
submarine craters, surrounding the included islands. When
the size, height, and form of the islands in the Society group
are considered, together with the fact that all are thus en-
circled, such a notion will be rejected by almost every one.
New Caledonia, moreover, besides its size, is composed of
primitive formations, as are some of the Comoro Islands;*
and Aitutaki consists of calcareous rock. We must, there-
fore, reject these several explanations, and conclude that the
vertical thickness of barrier-reefs, from their outer edges to
the foundation on which they rest (from A A in the section
to the dotted lines) is really great: but in this, there is no
difficulty, for it is not necessary to suppose that the coral has
sprung up from an immense depth, as will be evident when
the theory of the upward growth of coral reefs, during the
slow subsidence of their foundations, is discussed.

* I have been informed that this is the case by Dr. Allan of Forres,
who has visited this group.
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outline of the adjoining land; as, for instance, on the S.E.
and precipitous side of Tahiti, where the encircling reef is
interrupted. On the western side of the Mauritius, which
was the only part I visited, the reef generally lies at the dis-
tance of about half a mile from the shore; but in some parts
it is distant from one to two, and even three miles. But
even in this last case, as the coast-land is gently inclined
from the foot of the mountains to the sea-beach, and as the
soundings outside the reef indicate an equally gentle slope
beneath the water, there is no reason for supposing that the
basis of the reef, formed by the prolongation of the strata of
the island, lies at a greater depth than that, at which the
polypifers could begin constructing the reef. Some allow-
ance, however, must be made for the outward extension of
the corals on a foundation of sand and detritus, formed from
their own wear, which would give to the reef a somewhat
greater vertical thickness, than would otherwise be possible.

The outer edge of the reef on the western or leeward side
of the island, is tolerably well defined, and is a little higher
than any other part. It chiefly consists of large strongly
branched corals, of the genus Madrepora, which also form a
sloping bed some way out to sea: the kinds of coral growing
in this part will be described in the ensuing chapter. Be-
tween the outer margin and the beach, there is a flat space
with a sandy bottom and a few tufts of living coral; in
some parts it is so shallow, that people, by avoiding the
deeper holes and gullies, can wade across it at low water; in
other parts it is deeper, seldom however exceeding ten or
twelve feet, so that it offers a safe coasting channel for boats.
On the eastern and windward side of the island, which is ex-
posed to a heavy surf, the reef was described to me as having
a hard smooth surface, very slightly inclined inwards, just
covered at low-water, and traversed by gullies; it appears to
be quite similar in structure to the reefs of the barrier and
atoll classes.

The reef of Mauritius, in front of every river and streamlet,
is breached by a straight passage: at Grand Port, however,
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it the depth increases to two fathoms. Similar bars, more or
less perfect, occur on other coasts. In these cases I suspect
that the shallow channel (which no doubt during storms is
occasionally obliterated) is scooped out by the flowing away
of the water thrown beyond the line, on which the waves
break with the greatest force. At Pernambuco a bar of hard
sandstone,® which has the same external form and height as
a coral-reef, extends nearly parallel to the coast; within
this bar currents, apparently caused by the water thrown
over it during the greater part of each tide, run strongly,
and are wearing away its inner wall. From these facts it
can hardly be doubted, that within most fringing reefs,
especially within those lying some distance from the land, a
return stream must carry away the water thrown over the
outer edge; and the current thus produced, would tend to
prevent the channel being filled up with sediment, and
might even deepen it under certain circumstances. To this
latter belief I am led, by finding that channels are almost
universally present within the fringing reefs of those islands,
which have undergone recent elevatory movements; and
this could hardly have been the case, if the conversion of
the very shallow channel into land had not been counteracted
to a certain extent.

A fringing reef, if elevated in a perfect condition above
the level of the sea, ought to present the singular appearance
of a broad dry moat within a low mound. The authorf of
an interesting pedestrian tour round the Mauritius, seems to
have met with a structure of this kind: he says “j’ observai
que 13, ol la mer étale, indépendamment des rescifs du large,
il y a & terre une espéce d ¢ffoncement, ou chemin couvert na-
turel. On y pourrait mettre du canon,” &c. In another place
he adds, *“ Avant de passer le Cap, on remarque un gros
banc de corail elévé de plus de quinze pieds: c’est une
espéce de rescif, que la mer a abandonné : il regne au pied

* 1 have described this singular structure in the Lond. and Edin.

Phil. Mag. Oet. 1841.
¥ Voyage d 1'Isle de France, par un Officier du Roi, Part. i. pp. 192. 200.
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scarcely uncovered at low-water, and without any interior
shoal channel, like that within those fringing reefs, which lie
at a greater distance from the land. The fragments torn up
during gales from the outer margin, are thrown over the reef
on the shores of the island. I may give as instances, Wateeo,
where the reef is described by Cook as being a hundred
yards wide; and Mauti and Elizabeth* Islands, where it is
only 50 yards in width: the sea round these islands is very
deep,

Fringing-reefs, like barrier-reefs, both surround islands,
and front the shores of continents. In the charts of the eastern
coast of Africa, by Capt. Owen, many extensive fringing
reefs are laid down ;—thus, for a space of nearly forty miles,
from lat. 1° 15" to 1° 45" S., a reef fringes the shore at
an average distance of rather more than one mile, and
therefore at a greater distance than is usual in reefs of this
class; but as the coast-land is not lofty, and as the bottom
shoals very gradually (the depth being only from 8 to 14
fathoms at a mile and a half outside the reef) its extension
thus far from the land offers no difficulty. The external
margin of this reef is described, as formed of projecting points,
within which there is a space, from six to twelve feet deep,
with patches of living coral on it. At Mukdeesha (lat.
2° 1" N.)- “ the port is formed,” it is said,} “by a long reef
extending eastward four or five miles, within which there is
a narrow channel, with ten to twelve feet water at low spring
tides:” it lies at the distance of a quarter of a mile from the
shore. Again, in the plan of Mombas (lat. 4° S.) a reef
extends for thirty-six miles, at the distance of from half a
mile to one mile and a quarter from the shore; within it,
there is a channel navigable “for cances and small craft,”
between six and fifteen feet deep: outside the reef the
depth is about 30 fathoms at the distance of nearly half

# Mauti is described by Lord Byron in the voyage of H.M.S. Blonde,
and Elizabeth Island by Capt. Beechey.

+ Owen’s Africa, vol. i, p. 357, from which work the foregoing facts
are likewise taken.
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islands or submerged rocks, they are distinguished with diffi-
culty on the one hand from encircling barrier-reefs, and on
the other from atolls. In the West Indies there are reefs,
which I should probably have arranged under both these
classes, had not the existence of large and level banks, lying
a little beneath the surface, ready to serve as the basis for the
attachment of coral, been occasionally brought into view by
the entire or partial absence of reefs on them,—and had
not the formation of such banks, through the aceumula-
tion of sediment now in progress, been sufficiently evident.
Fringing reefs sometimes coat, and thus protect the founda-
tions of islands, which have been worn down by the
surf to the level of the sea. According to Ehrenberg, this
has been extensively the case with the islands in the Red
Sea, which formerly ranged parallel to the shores of the
mainland, with deep water within them: hence the reefs
now coating their bases, are situated relatively to the land
like barrier-reefs, although not belonging to that class ;—but
there are, as I believe, in the Red Sea some true barrier-
reefs. The reefs of this sea and of the West Indies will be
described in the Appendix. In some cases, fringing reefs
appear to be considerably modified in outline by the course
of the prevailing currents; Dr. J. Allan informs me that
on the east coast of Madagascar almost every headland
and low point of sand, has a coral-reef extending from
it in a S.W. and N.E. line, parallel to the currents on
that shore. I should think the influence of the currents
chiefly consisted in causing an extension, in a certain direc-
tion, of a proper foundation for the attachment of the coral.
Round many intertropical islands, for instance the Abrolhos
on the coast of Brazil surveyed by Capt. FitzRoy, and, as I
am informed by Mr. Cuming, round the Philippines, the bot-
tom of the sea is entirely coated by irregular masses of coral,
which although often of large size, do not reach the surface and
form proper reefs. This must be owing either to insufficient
growth, or to the absence of those kinds of corals which can

withstand the breaking of the waves.
1
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greater part of Hawaii, one of the Sandwich Islands, shows
that recent volcanic action does not necessarily prevent their
growth.

In the last chapter I stated that the bottom of the sea round
some islands is thickly coated with living corals, which never-
theless do not form reefs, either from insufficient growth, or
from the species not being adapted to contend with the
breaking waves.

I have been assured by several people, that there are no
coral-reefs on the west coast of Africa®, or round the islands
in the Gulf of Guinea. This perhaps may be attributed, in
part, to the sediment brought down by the many rivers
debouching on that coast, and to the extensive mud-banks,
which line great part of it. But the islands of St. Helena,
Ascension, the Cape Verdes, St. Paul’s, and Fernando No-
ronha, are, also, entirely without reefs, although they lie far
out at sea, are composed of the same ancient voleanic rocks,
and have the same general form, with those islands in the
Pacific, the shores of which are surrounded by gigantic walls
of coral-rock. With the exception of Bermuda, there is not
a single coral reef in the central expanse of the Atlantic
ocean. It will, perhaps, be suggested, that the quantity of
carbonate of lime in different parts of the sea, may regulate
the presence of reefs. But this cannot be the case, for at
Ascension, the waves charged to excess precipitate a thick
layer of calcareous matter on the tidal rocks; and at St.
Jago, in the Cape Verdes, carbonate of lime, not only is
abundant on the shores, but it forms the chief part of some
upraised post-tertiary strata. The apparently capricious
distribution, therefore, of coral-reefs, cannot be explained by
any of these obvious causes: but, as the study of the terres-

* It might be concluded, from a paper by Capt. Owen (Geograph, Jour,
vol. ii. p.89.) that the reefs off Cape St. Anne and the Sherboro’ Islands
were of coral, although the author states that they are not purely cor-
ralline. But I have been assured by Lieut. Holland, R.N. that these
reefs are not of coral, or at least that they do not at all resemble those

in the West Indies,
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been thrown, by a single heave of the sea, high and dry on
the reef, all on board thus escaping with their lives.

Ehrenberg* remarks, that in the Red Sea the strongest
corals live on the outer reefs, and appear to love the surf;
he adds, that the more branched kinds abound a little way
within, but that even these in still more protected places,
become smaller. Many other facts having a similar tendenecy
might be adduced.t It has, however, been doubted by MM.
Quoy and Gaimard, whether any kind of coral can even
withstand, much less flourish in, the breakers of an open
seaf: they affirm that the saxigenous lithophytes flourish
only where the water is tranquil, and the heat intense. This
statement has passed from one geological work to another ;
nevertheless, the protection of the whole reef undoubtedly is
due to those kinds of coral, which cannot exist in the situa-
tions thought by these naturalists to be most favourable to them.
For should the outer and living margin perish, of any one
of the many low coral-islands, round which a line of great
breakers is incessantly foaming, the whole, it is scarcely pos-
sible to doubt, would be washed away and destroyed, in less
than half a century. But the vital energies of the corals
conquer the mechanical power of the waves; and the large
fragments of reef torn up by every storm, are replaced by
the slow but steady growth of the innumerable polypifers,
which form the living zone on its outer edge.

From these facts, it is certain, that the strongest and most
massive corals flourish, where most exposed. The less perfect
state of the reef of most atolls on the leeward and less exposed
side, compared with its state to windward; and the analogous

* Ehrenberg, iiber die Nédtur und Bildung der Corallen Binke im
rothen Meere, p. 49.

t+ In the West Indies, as I am informed by Capt. Bird Allen, R.N.,
it is the common belief of those, who are best acquainted with the
reefs, that the coral flourishes most, where freely exposed to the swell
of the open sea.

t Annales des Sciences Naturelles, tom. vi. pp. 276, 278.—“ La ot les
ondes sont agitées, les Lytophytés ne peuvent travailler, parce qu'elles
détruiraient leurs fragiles édifices,” &ec.
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“ cleared out and made a beautiful little port at that place.”
For it is probable that sand would accumulate in the hollows
formed by tearing out the corals, but not on the broken
and projecting stumps, and therefore, in the former case, the
fresh growth of the coral might be thus prevented.

In the last chapter I remarked, that fringing reefs are
almost universally breached, where streams enter the sea.®
Most authors have attributed this fact to the injurious effects
of the fresh water, even where it enters the sea omly in
small quantity, and during a part of the year. No doubt
brackish water would prevent or retard the growth of coral;
but I believe that the mud and sand, which is deposited, even
by rivulets when flooded, is a much more efficient check.
The reef, on each side of the channel leading into Port Louis
at Mauritius, ends abruptly in a wall, at the foot of which I
sounded, and found a bed of thick mud. This steepness of
the sides appears to be a general character in such breaches:
Cook,} speaking of one at Raiatea, says, * like all the rest, it
is very steep on both sides.” Now, if it were the fresh water
mingling with the salt, which prevented the growth of
coral, the reef certainly would not terminate abruptly;
but as the polypifers nearest the impure stream would grow
less vigorously than those farther off, so would the reef gra-
dually thin away. On the other hand, the sediment brought
down from the land would only prevent the growth of the
coral in the line of its deposition, but would not check it on
the side, so that the reefs might increase till they overhung
the bed of the channel. The breaches are much fewer in
number, and front only the larger valleys in reefs of the
encircling barrier class. They probably are kept open in the

* Lient. Wellstead and others have remarked that this is the case in
the Red Sea: Dr. Riippell (Reise.in Abyss. Band. i. p. 142) says that there
are pear-shaped harbours in the upraised coral-coast, into which periodical
streams enter. From this circumstance, I presume, we must infer that
before the upheaval of the strata now forming the coast-land, fresh
water and sediment entered the sea at these points; and the coral
being thus prevented growing, the pear-shaped harbours were produced.

t Cook’s First Voyage, vol. ii. p. 271.—(Hawkesworth's Edit.)
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namely, that, with very few exceptions, none of the coral-
knolls within the lagoons of Peros Banhos, Diego Garcia and
the Great Chagos Bank, (all situated in the Chagos group,)
rise to the surface of the water; whereas all those, with equally
few exceptions, within Solomon and Egmont atolls in the
same group, and likewise within the large southern Maldiva
atolls, reach the surface. I make these statements, after
having examined the charts of each atoll. In the lagoon
of Peros Banhos, which is nearly twenty miles across, there
is only one single reef which rises to the surface: in Diego
Garcia there are seven, but several of these lie close to the
margin of the lagoon, and need scarcely have been reckoned:
in the great Chagos Bank there is not one. On the other
hand, in the lagoons of some of the great southern Maldiva
atolls, although thickly studded with reefs, every one
without exception, rises to the surface; and on an average
there are less than two submerged reefs in each atoll: in the
northern atolls, however, the submerged lagoon-reefs are
not quite so rare. The submerged reefs in the Chagos
atolls generally have from one to seven fathoms water on
them, but some have from seven to ten. Most of them
are small, with very steep sides:* at Peros Banhos they rise
from a depth of about thirty fathoms, and some of them in
the Great Chagos Bank from above forty fathoms: they are
covered, Capt. Moresby informs me, with living and healthy
coral, two and three feet high, consisting of several species.
Why then have not these lagoon-reefs reached the surface, like
‘the innumerable ones in the atolls above named? If we attempt
to assign any difference in their external conditions, as the
cause of this diversity, we are at once baffled : the lagoon of
Diego Garcia is not deep, and is almost wholly surrounded
by its reef; Peros Banhos is very deep, much larger, with
many wide passages communicating with the open sea. On
‘the other hand, of those atolls, in which all, or nearly all

* Some of these statements were not communicated to me verbally
-by Capt. Moresby, but are taken from the MS. ancuu.nt, before al-
luded to, of the Chagos Group.
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fore, a small proportional amount more of growth would cause
them to attain the surface, like those numerous knolls, which
rise from an equally great depth within the Maldiva atolls.
We can hardly suppose that time has been wanting for the
upward growth of the coral, whilst in Diego Garecia, the broad
annular strip of land, formed by the continued accumulation
of detritus, shows how long this atoll has remained at its
present level. We must look to some other cause than the
rate of growth; and I suspect it will be found in the reefs
being formed' of different species of corals, adapted to live at
different depths.

The Great Chagos bank is situated in the centre of the
Chagos group, and the Pitt and Speaker banks at its two
extreme points. These banks resemble atolls, except in their
external rim being about eight fathoms submerged, and in
being formed of dead rock, with very little living coral on it :
a portion nine miles long of the annular reef of Peros Banhos
atoll is in the same condition. These facts, as will hereafter
be shown, render it very probable that the whole group at
some former period subsided seven or eight fathoms; and
that the coral perished on the outer margin of those atolls
which are now submerged, but that it continued alive, and
grew up to the surface on those which are now perfect.
If these atolls did subside, and if from the suddenness of the
movement orfrom any other cause, those corals which are better
adapted to live at a certain depth than at the surface, once got
possession of the knolls, supplanting the former occupants,
they would exert little or no tendency to grow upwards.
To illustrate this, I may observe, that if the corals of the
upper zone on the outer edge of Keeling atoll were to
perish, it is improbable that those of the lower zone would
grow to the surface, and thus become exposed to con-
ditions for which they do not appear to be adapted.
The conjecture, that the corals on the submerged knolls
within the Chagos atolls have analogous habits with those
of the lower zone outside Keeling atoll, receives some sup-
port from a remark by Captain Moresby, namely, that they
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at Bermuda, which are known by tradition, to have been
living for centuries. To show how slowly coral-reefs grow
upwards, Captain Beechey* has adduced the case of the
Dolphin Reef off Tahiti, which has remained at the same
depth beneath the surface, namely, about two fathoms and a
half, for a period of sixty-seven years. There are reefs in
the Red Sea, which certainly do not appeart to have increased
in dimensions during the last half century, and from the
comparison of old charts with recent surveys, probably not
during the last two hundred years. These, and other similar
facts, have so strongly impressed many with the belief of the
extreme slowness of the growth of corals, that they have even
doubted the possibility of islands in the great oceans having
been formed by their agency. Others again, who have not
been overwhelmed by this difficulty, have admitted that it
would require thousands, and tens of thousands of years, to
form a mass even of inconsiderable thickness: but the sub-
ject has not, I believe, been viewed in the proper light.

That masses of considerable thickness have been formed
by the growth of coral, may be inferred with certainty from
the following facts. In the deep lagoons of Peros Banhos
and of the Great Chagos bank, there are, as already described,
small steep-sided knolls covered with living coral. There
are similar knolls in the southern Maldiva atolls, some of
which, as Captain Moresby assures me, are less than a hun-
dred yards in diameter, and rise to the surface from a depth
of between 250 and 300 feet. Considering their number,
form and position, it would be preposterous to suppose that
they are based on pinnacles of any rock, not of coral forma-
tion; or that sediment could have been heaped up into such
small and steep isolated cones. As no kind of living coral
grows above the height of a few feet, we are compelled to
suppose that these knolls have been formed by the successive
growth and death of many individuals,—first one being
broken off or killed by some accident, and then another, and

* Beechey's Voyage to the Pacific, ch, viii.
1 Ehrenberg, ut sup. p. 43.
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wards; and I found, just within the outer margin, the great
mounds of Porites and of Millepora, with their summits
lately killed, and their sides subsequently thickened by
the growth of the coral: a layer, also, of Nullipora had
already coated the dead surface. As the external slope of the
reef, is the same round the whole of this atoll, and round
many other atolls, the angle of inclination must result from
an adaption between the growing powers of the coral, and the
force of the breakers, and their action on the loose sediment.
The reef, therefore, could not increase outwards, without a
nearly equal addition to every part of the slope, so that the
original inclination might be preserved, and this would re-
quire a large amount of sediment, all derived from the wear
of corals and shells, to be added to the lower part. Moreover,
at Keeling atoll, and probably in many other cases, the dif-
ferent kinds of corals would have to encroach on each other;
thus the Nulliporze cannot increase outwards without en-
croaching on the Porites and Millepora complanata, as is now
taking place; nor these latter without encroaching on the
strongly branched Madrepora, the Millepora alcicornis, and
some Astreeas; nor these again without a foundation being
formed for them within the requisite depth, by the accumu-
lation of sediment. How slow, then, must be the i

lateral or outward growth of such reefs. But off Christmas
atoll, where the sea is much more shallow than is usual,
we have good reason to believe that, within a period not very
remote, the reef has increased considerably in width. The
land has the extraordinary breadth of three miles; it consists
of parallel ridges of shells and broken corals, which furnish
“an incontestable proof,” as observed by Cook,* * that the
island has been produced by accessions from the sea, and is
in a state of increase.” The land is fronted by a coral-
reef, and from the manner in which islets are known to be
formed, we may feel confident that the reef was not three
miles wide, when the first, or most backward ridge, was

* Cook's Third Voyage, Book iii. ch. x.
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a basis within the requisite depth can rarely be pre-
sent.

Nor do I attach any importance to the fact of certain
submerged reefs, as those off Tahiti or those within Diego
Garcia, not now being nearer the surface than they were
many years ago, as an indication of the rate under favourable
circumstances of the upward growth of reefs; after it has been
shown, that all the reefs have grown to the surface in some of
the Chagos atolls, but that in neighbouring atolls, which appear
to be of equal antiquity and to be exposed to the same ex-
ternal conditions, every reef remains submerged; for we are
almost driven to attribute this to a difference, not in the rate
of growth, but in the habits of the corals in the two cases.

In an old-standing reef, the corals, which are so different
in kind on different parts of it, are probably all adapted to
the stations they occupy, and hold their places, like other
organic beings, by a struggle one with another, and with ex-
ternal nature ; hence we may infer that their growth would
generally be slow, except under peculiarly favourable eir-
cumstances. Almost the only natural condition, allowing a
quick upward growth of the whole surface of a reef, would
be a slow subsidence of the area in which it stood ;—if, for
instance, Keeling atoll were to subside two or three feet, can
we doubt that the projecting margin of live coral, about half
an inch in thickness, which surrounds the dead upper surfaces
of the mounds of Porites, would in this case form a concentrie
layer over them, and the reef thus increase upwards, instead
of, as at present, outwards? The Nulliporee are now en-
croaching on the Porites and Millepora, but in this case
might we not confidently expect that the latter would, in
their turn, encroach on the Nullipore? After a subsidence
of this kind, the sea would gain on the islets, and the gmat‘
fields of dead but upright corals in the lagoon, would be
covered by a sheet of clear water; and might we not then
expect that these reefs would rise to the surface, as they
anciently did when the lagoon was less confined by islets,
and as they did within a period of ten years in the schooner-
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December 1830. In July following, each detached mass was
nearly level with the sea at low water, quite immoveable, and
several feet long, stretching, as the parent reef, with the coast
current from north to south. The masses accumulated in a
clump were found equally increased, but some of the species
in such unequal ratios, as to be growing over each other.”
The loss of Dr. Allan’s magnificent collection by shipwreck,
unfortunately prevents its being known to what genera these
corals belonged ; but from the numbers experimented on, it
is certain that all the more conspicuous kinds must have been
included. Dr. Allan informs me, in a letter, that he believes
it was a Madrepora, which grew most vigorously. One may be
permitted to suspect that the level of the sea might possibly
have been somewhat different at the two stated periods;
nevertheless, it is quite evident that the growth of the ten-
pound masses, during the six or seven months, at the end
of which they were found immoveably fixed* and several
feet in length, must have been very great. The fact of the
different kinds of coral, when placed in one clump, having
increased in extremely unequal ratios, is very interesting, as
it shows the manner in which a reef, supporting many species
of coral, would probably be affected by a change in the ex-
ternal conditions favouring one kind more than another. The
growth of the masses of coral in N. and S. lines parallel
to the prevailing currents, whether due to the drifting of
sediment or to the simple movement of the water, is, also, a
very interesting circumstance.

A fact, communicated to me by Lieut. Wellstead, LN., in
some degree corroborates the result of Dr. Allan’s experiments:
it is, that in the Persian Gulf a ship had her copper bottom
encrusted in the course of twenty months with a layer of
coral, fwo feet in thickness, which it required great force to
remove, when the vessel was docked: it was not ascertained

* 1t is stated by Mr. De la Beche (Geological Manual, p. 143.) on the
authority of Mr. Lloyd, who surveyed the Isthmus of Panama, that
some specimens of Polypifers, placed by him in a sheltered pool of
water, were found in the course of a few days firmly fixed by the secre-
tion of a stony matter, to the bottom,
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driven inwards from all sides: hence it is that few reefs, which
are less than half a mile in diameter, even in the atolls where
the bason-like structure is most strikingly exhibited, include
lagoons. This remark, I may add, applies to all coral-reefs,
wherever found, The bason-formed reefs of the Maldiva
Archipelago may, in fact, be briefly described, as small atolls
formed during subsidence over the separate portions of large
and broken atolls, in the same manner as these latter were
formed over the barrier-reefs, which encircled the islands of
a large archipelago now wholly submerged.

Submerged and Dead Reefs.—In the second section of the
first chapter, I have shown that there are in the neighbour-
hood of atolls, some deeply submerged banks, with level sur-
faces; that there are others, less deeply but yet wholly
submerged, having all the characters of perfect atolls, but
consisting merely of dead coral-rock ; that there are barrier-
reefs and atolls with merely a portion of their reef, generally
on the leeward side, submerged; and that such portions
either retain their perfect outline, or they appear to be quite
effaced, their former place being marked only by a bank, con-
forming in outline with that part of the reef which remains
perfect. These several cases are, I believe, intimately re-
lated together, and can be explained by the same means.
There, perhaps, exist some submerged reefs, covered with living
coral and growing upwards, but to these I do not here refer.

As we see that in those parts of the ocean, where coral
reefs are most abundant, one island is fringed and another
neighbouring one is not fringed ; as we see in the same archi-
pelago, that all the reefs are more perfect in one part of it than
in another,—for instance, in the southern half compared with -
the northern half of the Maldiva Archipelago, and likewise
on the outer coasts compared with the inner coasts of the
atolls in this same group, which are placed in a double row;
as we know that the existence of the innumerable polypifers
forming a reef, depends on their sustenance, and that they
are preyed on by other organic beings; and, lastly, as we
know that some inorganic causes are highly injurious to the
growth of coral, it cannot be expected that during the round
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reefs, but where the sea is very shallow, for in this case the
reefs generally lie far from the land, and become very irregular
in their forms; where they have not become irregular, they
have been coloured. Thirdly, if I had the means of ascer-
taining the fact, I should not colour a reef merely coating the
edges of a submarine crater, or of a level submerged bank ;
for such superficial formations differ essentially, even when
not in external appearance, from reefs whose foundations as
well as superficies have been wholly formed by the growth
of coral. Fourthly, in the Red Sea, and within some
parts of the East Indian Archipelago, (if the imperfect charts
of the latter can be trusted,) there are many scattered reefs,
of small size, represented in the chart by mere dots, which
rise out of deep water: these cannot be arranged under either
of the three classes: in the Red Sea, however, some of these
little reefs, from their position, seem once to have formed
parts of a continuous barrier. There exist, also, scattered in
the open ocean, some linear and irregularly-formed strips of
coral-reef, which, as shown in the last chapter, are probably
allied in their origin to atolls; but as they do not belong
to that class, they have not been coloured; they are very
few in number, and of insignificant dimensions. Lastly,

Voyage, p. 41). Mr. M*Clelland (Report of Committee for investi-
gating Coal in India, p. 39) has shown that the volcanic band passing
through Barren Island must be extended northwards. It appears by
an old chart, that Cheduba was once an active voleano ; (See also Silli-
man's North American Journal, vol. xxxviii. p. 385.) In Berghaus'
Phys. Atlas, 1840, No. 7 of Geological Part, a volcano on the coast of
Pondicherry is said to have burst forth in 1757. Ordinaire (Hist. Nat,
des Volcans, p. 218) says that there is one at the mouth of the Persian
Gulf, but I have not coloured it, as he gives no particulars. A volcano
in Amsterdam, or St. Paul’s, in the southern part of the Indian Ocean,
has been seen (Naut, Mag. 1838, p. 842) in action. Dr.J. Allan, of
Forres, informs me in a letter, that when he was at Joanna, he saw at
night flames, apparently voleanic, issuing from the chief Comoro Island,
and that the Arabs assured him that they were volcanic, adding that the
volcano burned more during the wet season. I have marked this as a
voleano, though with some hesitation, on account of the possibility of
the flame arising from gaseous sources,
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As groups of atolls have originated in the upward growth,
at each fresh sinking of the land, of those reefs which prima-
rily fringed the shores of one great island, or of several smaller
ones; so we might expect that these rings of coral-rock, like
so many rude outline charts, would still retain some traces of
the general form, or at least general range, of the land, round
which they were first modelled. That this is the case with
the atolls in the Southern Pacific as far as their range is con-
cerned, seems highly probable, when we observe that the
three principal groups are directed in N.W. and S.E. lines,
and that nearly all the land in the S. Pacific ranges in this
same direction; namely, N. Western Australia, New Cale-
donia, the northern half of New Zealand, the New Hebrides,
Saloman, Navigator, Society, Marquesas, and Austral archi-
pelagoes : in the Northern Pacific, the Caroline atolls abut
against the N.W. line of the Marshall atolls, much in the
same manner as the E. and W, line of islands from Ceram to
New Britain do on New Ireland: in the Indian Ocean the
Laccadive and Maldiva atolls extend nearly parallel to the
western and mountainous coast of India. In most respeets,
there is a perfect resemblance with ordinary islands in the
grouping of atolls and in their form : thus the outline of all
the larger groups is elongated; and the greater number of
the individual atolls are elongated in the same direction
with the group, in which they stand. The Chagos group is
less elongated than is usual with other groups, and the indi-
vidual atolls in it are likewise but little elongated; this is
strikingly seen by comparing them with the neighbouring
Maldiva atolls, In the Marshall and Maldiva archipelagoes,
the atolls are ranged in two parallel lines, like the mountains
in a great double mountain-chain, Some of the atolls, in the
larger archipelagoes, stand so near each other, and have such
an evident relationship in form, that they compose little sub-
groups: in the Caroline Archipelago, one such sub-group
consists of Pouynipéte, a lofty island encircled by a barrier-
reef, and separated by a channel only four miles and a half
wide from Andeema atoll, with a second atoll a little further
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remains, which seem, from evidence more or less satisfactory,
to belong to a late tertiary period. It may, however, be ob-
Jected, that similar proofs of elevation, perhaps, occur on the
coasts coloured blue in our map: but this certainly is not the
case with the few following and doubtful exceptions.

The entire area of the Red Sea appears to have been up-
raised within a modern period; nevertheless I have been
compelled, (though on unsatisfactory evidence, as given in
the Appendix) to class the reefs in the middle part, as bar-
rier-reefs ; should, however, the statements prove accurate
of the less height of the tertiary beds in this middle part,
compared with the northern and southern districts, we might
well suspect that it had subsided subsequently to the general
elevation by which the whole area has been upraised. Several
authors*® have stated that they have observed shells and corals
high up on the mountains of the Society Islands,—a group
encircled by barrier-reefs, and, therefore, supposed to have
subsided : at Tahiti Mr, Stutchbury found on the apex of one
of the highest mountains, between 5000 and 7000 feet above
the level of the sea, *“a distinct and regular stratum of semi-
fossil coral,” At Tahiti, however, other naturalists, as well
as myself, have searched in vain at a low level near the coast,
for upraised shells or masses of coral-reef, where if present
they could hardly have been overlooked. From this fact, I
concluded that probably the organic remains strewed high up
on the surface of the land, had originally been embedded
in the volcanic strata, and had subsequently been washed

* Ellis, in his Polynesian Researches, was the first to call attention
to these remains, (vol. i. p. 38.) and the tradition of the natives concern-
ing them., See also Williams, Nar. of Miss. Enterprize, p. 21; also
Tyerman and G. Bennett, Jonrn. of Voyage, vol.i. p. 213; also Mr.
Couthouy's Remarks, p. 51; but his principal fact, namely, that there
is a mass of upraised coral on the narrow peninsula of Tiarubu, is from
hearsay evidence ; also Mr. Stutchbury, West of England Journ. Ne. 1.
p- 4. There is a passage in Von Zach, Corres. Astronom. vol. x. p.
266., inferring an uprising at Tahiti, from a footpath now used, which
was formerly impassable ; but I particularly enquired from several
native chiefs, whether they knew of any change of this kind, and they
were unanimous in giving me an answer in the negative.
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islands in the Friendly group, existed originally as atolls, and
these have undoubtedly since been upraised to some height
above the level of the sea; so that by our theory, there has
here, also, been an oscillation of level,—elevation having suc-
ceeded subsidence, instead of, as in the middle part of the
Red Sea and at the Harvey Islands, subsidence having pro-
bably succeeded recent elevation.

It is an interesting fact, that Fais, which, from its compo-
sition, form, height, and situation at the western end of the
Caroline Archipelago, one is strongly induced to believe ex-
isted before its upheaval as an atoll, lies exactly in the pro-
longation of the curved line of the Mariana group, which we
know to be a line of recent elevation. I may add, that
Elizabeth Island, in the southern part of the Low Archipe-

lago, which seems to have had the same kind of origin

as Fais, lies near Pitcairn Island, the only one in this part of
the ocean which is high, and at the same time not surround-
ed by an encircling barrier-reef,

On the absence of active Voleanos in the areas of subsidence,
and on their frequent presence in the areas of elevation.— Before
‘making some concluding remarks on the relations of the
spaces coloured blue and red, it will be convenient to con-
sider the position on our map of the volcanos historically
known to have been in action. It is impossible not to be
struck, first with the absence of volcanos in the great areas
of subsidence tinted pale and dark blue,—namely, in the
central parts of the Indian Ocean, in the China sea, in the
sea between the barriers of Australia and New Caledonia, in
the Caroline, Marshall, Gilbert, and Low Archipelagoes;
and, secondly, with the coincidence of the principal voleanic
chains with the parts coloured red, which indicates the pre-
sence of fringing reefs; and, as we have just seen, the presence
in most cases of upraised organic remains of a modern date.
I may here remark that the reefs were all coloured before the

marked half-way up with a horizontal water-worn line of deep exca-
vations. Aurora Island seems closely to resemble in structure Elizabeth
Island, at the southern end of the Low Archipelago.
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southward, has undergone an upward movement during
a late geological period. The islands on the north-west-
ern shores of the Pacific, which form the second greatest
volcanic chain, are very imperfectly known; but Luzon, in
the Phillippines, and the Loo Choo islands, have been re-
cently elevated; and at Kamtschatka® there are extensive
tertiary beds of modern date. Evidence of the same nature,
but not very satisfactory, may be detected in northern New
Zealand, where there are two volecanos. The co-existence
in other parts of the world of active volcanos, with upraised
beds of a modern tertiary origin, will occur to every geolo-
gist.{ Nevertheless, until it could be shown that voleanos
were inactive or did not exist in subsiding areas, the conelu-
sion that their distribution depended on the nature of the
subterranean movements in progress, would have been
hazardous. But now, viewing the appended map, it may, I
think, be considered as almost established, that voleanos are
often (not necessarily always) present in those areas where
the subterranean motive power has lately forced, or is now
forcing outwards the crust of the earth, but that they are
invariably absent in those, where the surface has lately sub-
sided or is still subsiding.

On the relations of the areas of Subsidence and Elevation.—
The immense surfaces on the map, which, both by our theory
and by the plain evidence of upraised marine remains, have
undergone a change of level either downwards or upwards
during a late period, is a most remarkable fact. The exis-

* At Sedanka, in Lat. 58° N. (Von Buch’s Descrip. des isles Canaries,
p. 455.) In a forthcoming Part, I shall give the evidence referred to
with respect to the elevation of New Zealand.

+ During the subterranean disturbances which took place in Chile in
1835, I have shown (Geolog. Trans. 2nd Ser. vol. v. p. 606.) that at the
same moment that a large district was upraised, volcanic matter burst
forth at widely-separated points, through both new and old vents.

1 We may infer from this rule, that in any old deposit, which con-
tains interstratified beds of erupted matter, there was at the period, and
in the area of its formation, a tendency to an upward movement in the
earth’s surface, and certainly no movement of subsidence.
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both subsided and been upraised. I conclude, however, that
most of the large blue spaces have subsided without many and
great elevatory oscillations, because only a few upraised atolls
have been observed : the supposition that such elevations have
taken place, but that the upraised parts have been worn down
by the surf, and thus have escaped observation, is overruled
by the very considerable depth of the lagoons of all the
larger atolls; for this could not have been the case, if they
had suffered repeated elevations and abrasion. From the
comparative observations made in these latter pages, we may
finally conclude, that the subterranean changes which have
caused some large areas to rise, and others to subside, have
acted in a very similar manner.

Recapitulation.—In the three first chapters, the prineipal
kinds of coral-reefs were described in detail, and they were
found to differ little, as far as relates to the actual surface of
the reef. An atoll differs from an encircling barrier-reef only
in the absence of land within its central expanse; and a bar-
rier-reef differs from a fringing-reef, in being placed at a much
greater distance from the land with reference to the probable
inclination of its submarine foundation, and in the presence
of a deep-water lagoon-like space or moat within the reef.
In the fourth chapter the growing powers of the reef-con=
structing polypifers were discussed; and it was shown, that
they cannot flourish beneath a very limited depth. In
accordance with this limit, there is no difficulty respecting
the foundations, on which fringing-reefs are based; where-
as, with barrier-reefs and atolls, there is a great apparent
difficulty on this head; — in barrier-reefs from the impro-
bability of the rock of the coast or of banks of sediment
extending, in every instance, so far seaward within the re-
quired depth;—and in atolls, from the immensity of the spaces
over which they are interspersed, and the apparent neces-
sity for believing that they are all supported on mountain-
summits, which, although rising very near to the surface-level
of the sea, in no one instance emerge above it. T'o escape this
latter most improbable admission, which implies the existence
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as descending abruptly to the water) shows, on the principle ex-
plaived in the beginning of the last chapter, that it belongs to the
barrier class. I may here mention, from information communicated
to me by the Rev. W. Ellis, that on the N. E. side of Hualeine
there is a bank of sand, about a quarter of a mile wide, extending
parallel to the shore, and separated from it by an extensive and deep
lagoon : this bank of sand rests on coral rock, and undoubtedly
was orignally a living reef. North of Bolabola lies the atoll of
Toubai (Motou-iti of the Coquille’s Atlas), which is coloured dark
blue; the other islands, surrounded by barrier-reefs, are pale blue:
three of them are represented in Figures 3, 4, and 5, in Plate 1.
There are three low coral-groups lying a little E. of the Society
Arch., and almost forming part of it, namely, Bellinghausen, which
is said by Kotzebue (Second Voyage, vol. ii. p.255,) to be a
lagoon-island ; Mopeka, which, from Cook’s description (Second
Voyage, Book iii. chap. 1,) no doubt is an atoll ; and the Seilly
Islands, which are said by Wallis (Voyage, chap. ix.) to form a
group of low islets and shoals, and therefore, probably, they com-
pose an atoll : the two former have been coloured blue, but not the
latter.

Mexpana or Marquesas Group.—These islands are entirely
without reefs, as may be seen in Krusenstern’s Atlas, making a re-
markable contrast with the adjacent group of the Society’s Islands.
Mr. F. D. Bennett has given some account of this group, in the
seventh volume of the Geograph. Journ. He informs me that all
the islands have the same general character, and that the water is
very deep close to their shores. He visited three of them, namely,
Dominicana, Christiana, and Roapoa ; their beaches are strewed
with rounded masses of coral, and although no regular reefs exist,
yet the shore is in many places lined by coral-rock, so that a boat
grounds on this formation. Hence these islands ought probably to
come within the class of fringed islands and be coloured red ; but as
I am determined to err on the cautious side, I have left them
uncoloured. :

Cook or Harvey and Avstrail. Isn.—Palmerston Island is
minutely described as an atoll by Capt. Cook during his voyage in
1774 ; coloured blue, Aitutaki was partially surveyed by the Beagle,
(see map accompanying Voyages of Adventure and Beagle) ; the land
is hilly, sloping gently to the beach ; the highest point is 360 feet ;
on the southern side the reef projects five miles from the land : off this
point the Beagle found no bottom with 270 fathoms: the reef is





































































































































































































































































