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ADVERTISEMENT.

Tue present Volume is composed of Mr. CrarLes DarwiN’s
Geological Observations on Coral Reefs, Volcanic Islands, and
South America, which were published separately, at intervals, and
constitute the Geology of the Voyage of the Beagle, under the
command of Captain Frrzroy, R.N.

The high estimation in which Mr. DarwiN’s works are held by
Mentiﬁc world, induces the Publishers to think that a re-issue of
these books in one volume, .at a greatly reduced price, will be
accoptable to the increasing number of students of Geology, and
also tend to promote the object which Her Majesty’s (Government

had in view in contributing to the publication of these works.

65, CorNHILL,
October 1851.






PREFACE.

I snarn have occasion, in many parts of the following
volume, to acknowledge the valuable information I have
received from several persons ; but I must more particularly
SNwss my obligations to Captain R. Moresby, I. N., who
conducted the survey of the Red Sea, and of the archipelagoes
of low coral-islands in the "Indian Ocean. I beg, also,
to be permitted to return my best thanks to Captain
Beaufort, R. N., for havil;g given me free access to the
charts in the Admiralty, as well as to Captain Beecher, R.N.
for most kindly aiding me in consulting them. My thanks
are likewjse especially due to Captain Washington, R.N. for
his invariable desire to assist me ip every possible manner.
Having in former publications had the pleasure*of acknow-
ledging how much I owe to Captain FitzRoy, for having
permitted me to volunteer my services on board H.M.S.
Breagle, and for his uniform kindness in giving mgq assistance

in my researches, 1 can here only repeat my obligations to
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him. The materials for this volume were nearly ready two
years ago; but owing to ill health, its publi¢ation has been
delayed. The two succeeding Parts,—one on the voleanic
islands visited during the voyage of the Beagle, and the

other on South America,— will appear, as soon as thew can
be prepared.

nd ,‘[dy. 1842,



DESCRIPTION OF THE PLATES.

PLATE L

In the several original surveys, from which the small plans on this
plate have been reduced, the coral-reefs are engraved in very different
styles. For the sake of uniformity, I have adopted the style used in
the charts of the Chagos Archipelago, published by the East Indian
Company, from the survey by Capt. Moresby and Lieut. Powell.
The surface of the reef, which dries at low waler, is represented
Ly a stippled surface with small crosses: the Coral-islets on the
reef are marked by small linear unstippled spaces, on which a
few cocoa-nut Jtrecs, out of all proportion too large, have been intro-
duced for the'sake of clearness. The entire annular reef, which
when surrcunding an open expanse of water, forms an ‘atoll,’ and
when surrounding one or more high islands, forms an encircling
# bagrier-reef,’ has a nearly uniform structure, and has been tinted, in
order to catch the eye, of a pfe brownish-red colour. The reefs in some
of the original surveys are represented merely by a single line with
crosses, 8o that their breadth is ffot given ; [ have had such reefs en-
graved of the width usually attained by coral-reefs. I have not
thought it worth while tg introduce all those small and very
numerous reefs, which oceur within the lagoons of most atolls and
within the lagoon-channels of most barrier-reefs, and which stand
cither isolated, or are attached to the shores of the reef or land. At
Peros Banhos none of the lagoon-reefs rise to the surface of the
water ; a few of them have been introduced, and are marked by plain
dotted eircle®. A few of the deepest soundings are laid down within
cach reef; they are in fathoms, of six English feet.

"ig. L—V aN1xowro, situated in the western part of the § Pacific; taken
from the survey by Capt. D'Urville in the Astrolabe: the scale is
} of an inch to a geographical mile ; the soundings on ¢he southern
side of the island, namely, from 30 to 40 fathoms, are given from
the voyage of the Chev, Dillon; the other soundings are laid down
from the survey by D'Urville ; hﬂght of the summit of the island is
3032 feet. The principal small detached reefs within the lagoon-
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channel have in this instance been represented. #T'he southern shore
of the island is narrowly fringed by a reef: il the engraver hn:l
carried this reef entirely round both islands, this fifure would have
served (by leaving out in imagination the barricr-reef) as a good
specimen of an abruptly-sided island, surrounded by a reef of the

fringing class.

Fig. 2.—HocoLkv, or Rove, in the Caroline Archipelago; taken from
the atlas of the voyage of the Astrolabe, compiled from the surveys of
Captains Duperrey and D'Urville ; scale J; of an inch to & mile ; the
depth of the immense lagoon-like space within the reef is not known.

Fig. 3.—Ratatks, in the Society Archipelago; from the map given in
the quarto edition of Cook’s first voyage; it is probably not accurate;
scale 5 of an inch to a mile.

Fig. 4.—Bow, or Jevor atoLL (or lagoon-island), in the Low Archi-
pelago, from the survey by Capt. Beechey, R N.; seale & of an inch
to a mile; the lagoon is choked up with reefs, but the average
greatest depth of about 20 fathoms, is given from the published
account of the voyage.

Fig. 5—BoLasova, in the Society Archipelago, from the survey of
Capt. Duperrey, in the Coquille : seale fof an inch to a miles wh;
soundings in this and the following figure have been altered from
French feet to English fathoms; height of highest point of the
island 4026 fect.

Fig. 6.—Maunrua, in the Society Archipglago; from the survey by Capt,
Duperrey in the Coquille : scale { of an inch to a mile: heigl
aiTrey in h : height of land

Fig. 7.—Povvy~irite, or Sexi AVINE, in the Carolin i
» OF SENLAVINE, ¢ Archipelago ; 1)
the survey by Admiral Lutké: scale tofaninchto g m}ilc:.lg'o P

Fig. 8.—GamBikr IsLaxps in the southern
NDS, part of the Low Archi-
pe_]ago; f.'rom the‘survcy by Capt. Beechey; scale $ of an inch 1:, il
mile ; heightof highest island, 1246 feet; the islands are surrounded

by extensive and jrre ular recfy;
submergea g i the reef on the wouthern side is

Fig. 9.—Pzros Baxiog
in the Indiay Ocean ;
Powell; seale Jof

ATOLL, (oF lagoon-island), in the Ch

agos grou
: frnm the survey by Capt, Moresby and Licu(l.,
ek to w mile s poy nearly all the small syb.

1
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merged reefs in the lagoon arc represented ; the annular reef on the
southern side is submerged.

Fig. 10.—Kegring, or Cocos atoLt, (or lagoon-island), in the Indian
Ocean ; from the survey by Capt. FitzRoy ; scale § of an inch to a
mile; the lagoon south of the dotted line is very shallow, and is left
almost bare at low water ; the part north of the line is choked up
with irregular reefs. The annular reef on the N.W. side is broken,
and blends into a shoal sand-bank, on which the sea breaks.

PLATE 1L

Fig. 1.—Grear Cuacos Bank, in the Indian Ocean; taken from the
survey by Capt. Moresby and Lieut. Powell; scalea} of an inch to a
mile (same scale as Hogoleu, in Plate I.); the parts which are shaded,
with the exception of two or three islets on the western and northern
sides, do not ripe to the surface, but are submerged from 4 to 10
fathoms ; the banks bounded by the dotted lines lie from 15 to 20
fathoms beneath the surface, and are formed of sand; the central
space is of mud, and from 30 to 50 fathoms deep.

Fig. 2.—A vertical section, on the same scale, in an E. and W. line across
the Great Chagos Bunk, given for the sake of exhibiting more clearly
its structure.

Fig. 3.—Mzg~cnicorr atoLL (or lagoon-island), in the Marshall Archi-
pelago, northern Pacific Ocean; from Krusenstern's atlas of the
Pacific; originally surveyed by Capt. Hagemeister; scale 4 of an
inch to a mile ; the depth within the lagoons is unknown.

Fig. 4—Mun,m Manboo aroLy, together with Horsburgh atoll, in
the Maldiva archlpelago, from the survey by Capt. Moresby and
Lieut. Powell ; scale ¢ of an inch to a mile; the white spaces in the
middle of the separate small reefs, both on the margin and in the
middle part, are meant to represent Jittle lagoons ; but it was found
not possible to distinguish them clearly from the small islets, which
have been formed on these same small recfs; many of ‘the smaller
reefs could not be introduced ; the nautical mark ( =) over the figures
250 and 200 between Mahlos Mahdoo and Horsburgh atoll and
Powell's island, signifies that soundings were not obtained at these
deptha.
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Fig. 5. —New Cateponia, in the western part of the l’m‘iﬁ«*;. from
Krusenstern's atlas, compiled from several surveys; | have slightly
altered the northern point of the reef, in accordunte with the athm
of the voyage of the .istrolabe.  In Krusenstern's atlas, the reef ix
represented by a single line with crosses; 1 have for the snke of
uniformity added an interior line; scale 4 of wn inch to a mile.

Fig. 6.—Muavroiva Arcitirrnaao, in the ludian Ocean; from the sufvey
by Capt. Moresby and Lieut, Powell; scale 4 of an inch to a mile.

PLATE 1L
The principles, on which this map 1s coloured, are explained in the
beginning of Chapter VLo and the authonnes for colourtny earh
particular spot are detailed in the Appendixc The names printed in
italics in the In¥ex refer to the Appendix,
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PART I
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STRUCTURE AND DISTRIBUTION.

or

CORAL REEFS.






INTRODUCTION.

Tir object of this volume i3 to describe from my own ob-
servation and the works of others, the principal kinds of
coral reefs, more especially those occurring in the open
ocean, and to ekplain the origin of their peculiar forms. I
do not here treat of the polypifers, which construct these
vast works, except so far as relates to their distribution, and
& the vonditions favourable to their vigorous growth. With-
out any distinct intention to classify coral-reefs, most voy-
agers have spoken of them wunder the following heads:
* lagoon-islands,’ or “atolls,” “barrier,’ or ¢ encircling reefs’ and
“fringing,’ or ‘shore reefs’ The lagoon-islands have re.
ceived much the most attention; and it is not surprising,
for every onc must be struck with astonishment, when he
first beholds one of these vast rings of coral-rock, often many
leagues in diameter, here and there surmounted by a low
verdant ifland *with dazzling white shores, bathed on the
outside by the foaming breakers of the ocean, and on the
inside surrounding a caln expanse of water, which, from
reflection, is of a bright but pale gteen colour. The naturalist
will fecl this astonishment more deeply after having éxamined
the soft and almost gelatinous bodies of these apparently insig-
nificant creaturcs, and when he knows that the solid reef in-
creases only on the outer edge, which day and nigitt is lashed
by the breakers of an occan never at rest.  Well did Frangois
B
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Pyrard de Laval, in the year 1605, exclaim, *“ Clest 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 8. Pacific, taken from Capt. Beechey's ad-
mirable Voyage, although excellent of its kind, gives bhut 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 supg
ports many separate sinall islands, the wond *island,” applied to
the whole, is often the cause of confusion; hence [ have
invariably used in this volume the term ‘atoll,) which is
the name given to these circular groups of coral islets by
their inbabitants in the Indian Ocean, and is synonymous
with ¢ lagoon-island.’

Barrier reefs, when cncircling small islands, have been
comparatively little noticed by voyagers; but they well
deserve attention.  In their structure they® are slittle less
marvellous than atolls, and they give a singular and most
picturesque_character to the scenery of the islands they sur-
round. In the accompanymg sketch, taken from the voyage
of the Canuille, the recf 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

* 1 have taken the liberty of simplifying the foreground, and lcaving
out a mountainous island in the far distance.
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visible is converted into land. This is a circumstance of rare
occurrence ; more usually a snow-white line of great breakers,
with here and therc an islet crowned by cocoa-nut trees,
separates the smooth waters of the lagoon-like channel from
the waves of the open sca. The barrier reefs of Australia
and of New Caledonia. owing to their enormous dimensions,
have excited much attention: in structure and form they
resemble those encircling many of the smaller islands in the
Pacific Ocean.

With respect to fringing, or shore reefs, there is little in
their structure which needs explanation; and their name
expresses their comparatively® small extension. They dif-
fer from barrier-reefs in not lying so far from the shore, and
in not having within a broad channel of deep water. Reefs
also occur around submerged banks of sediment and of worn-
down rock ; and others are scattered quite irregularly where
the sea is very shallow: these in most respects are allied to
those of the fringing class, but they are of comparatively little
interest. °

I have given a separate chapter to each of the above
classes, and have described some one reef or island, on which
I possessed most information, as fypical; and have afterwards
compared it with others of a like kind. Although*this clas-
sification is useful from being obvious, and from including
most of the coral reefs existing in the open sea, it admits of
a more fundamental division into barrier and atoll-formed
reefs on the one hand, where there is a great apparent diffi-

B2 .
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culty with respect to the foundation on which they must first
have grown; and into fringing reefs on the other, where,
owing to the nature of the slope of the adjoining land, there
is no such difficulty. The two blue tints and the red colour
on the map (Plate L) represent this ain division, as
explained in the beginning of the last chapter. In ¢he
Appendix, every existing coral reef, except some on the
coast of Brazil not included in the map, is briefly de-
scribed in geographical order, as far as T possessed informa-
tion; and any particular spot may be found by consulting
the Index,

Several thearies Rave heen advanced to explain the origin
of atolls or lagoon-islands, but searcely one to aceount for
barrier-reefs.  ¥rom the limited depths at which reef-buikl-
ing polypifers can flourish, taken into consideration with
certain other circumstances, we are compelled to conclude,
as it will be seen, that both in atolls and birrier-reefs, the
foun.dation on which the coral was priumrily attached, has
subsided ; and that during this downwar movement, the
reefs have grown upwards. This conclusion, it will be firther
seen, explains most szltisﬁxclorily the outline
of a.mlls and barrier-reefs, and 4ikewisc certain peeuliarities in
their structure, The distribution, als, of the difterent kinds
of coral-reefs, and their position, with r¢|
of recent elevation, and to the points s
eruptions, fully accord with this (hmry of

and general furm

ation to the areas
hjeet to voleanic
their origin*

* A brief account of my vie
my Journal of Researches, w
Rocicty, and an absiract s

wson coral formations, now published in
as read M:}". 31, 1837, lwﬁgrc the Geological
appeared in the Proceedings,



CHAPTER L

ATOLLS OR LAGOON-IBLANDS,

S8ECTION FIBST, KEELING ATOLL.

Corals on the outer margin—Zone of Nulhpore — Exterior reef — lslets
— Coral-conglomerate — Lagoon — Calcareous sediment — Seari qnd
Holuthurie subsisting on corals—Changes in the condition of the reefs
and islety—Probable subsidence of the atoll—Fulure state of the lagoon.

KeeLing or Cocos atoll is situated in the Indian Ocean, in
12° 5" S. and long. 90° 55" E.: a reduced chagt of it from the
survey of Capt. FitzRoy and the Officers of H.M.S. Beagle,
1s given in Plate L fig. 10.  The greatest width of this atoll
is nine miles and a half, Its structure is in most respects
characteristic of the class to which it belongs, with the excep-
tion of the shallowness of the lagoeg. The accompanying
woodcpt represents a vertical section, supposed to be drawn
at low water from the outer voast across one of the low islets
(one being taken of average dimensions) to within the lagoon,
E

A - M

150 Yanls

A—Level of the sea at low water: where the letter A is placed, the
depth is 25 fathogxs, and the distance rather more than 150 yards from
the edge of Yhe reef,

B—Outer edge of that flat part of the reef, which dries at low water:
the edge either consists of a convex mound, as represented, or of rugged
points, like those a little farther seawagd, beneath the water.

C—A flat of coral-rock, covered at high water.

D~—A low projecting Tedge of brecciated coral-rock, wasited by the
waves at high water.

E—A slope of loose fragments, reached by the sea only during gales:
the upper part, which is from six to twelve feet high, is glothed with
vegetation. The surface of the islet gently slopes to the lagoon.

F—Level of the lagoon at low-water.
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The scction is true to the scale in 8 horizontal line, but it
could not be made so in a vertical one, a3 the average 8'0::3‘
height of the land is only betw'ecn six and .twclvc feet a ove
high-water mark. I will deseribe the section, commencing
with the outer margin. I must first ol')scrvc that .the reef-
building polypifers, not being tidal animals, require to.be
constantly submerged or washed b.y the br}!akem I was
assured by Mr. Licsk, a very intelligent rcsxdcl?t on these
islands, as well as by some chiefs at Tahiti (()tuheltc.), lhflt an
exposure to the rays of the sun for a v('r_\' fahort u'me 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 Astraa, but larger) from four to cight feet
broad, and little less in thickness. These mounds are sepa-
rated from cach other Jarrow crooked channels, about six
fect deep, most of which mtersect 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 seu 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 horder round the
upper and dead surface.  The coral being thus checked in
its upward growth, cxtends laterally, and hence most of the
masses, especially these a little further inwarls, bad broad
flat dead summits.  On the other hand 1 could see, during
the recoil of the breakers, that a few yards further scaward,
the wlfolc convex surface of the Porites was alive: so that
the pointewhere we were standing was almost on the exact
upward and shoreward limit of existence of

which form the outer margin of the reef,
sently see that there are
be

those corals
We shall pre-

other organic productions, fitted to
ar a somewhat longer exposure to the air and sun,
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Next, but much inferior in importance to the Porites, is
the Millepora complanata.* It grows in thick vertical plates,
intersecting each other at various angles, and forms an ex-
ceedingly strong honeycombed mass, which generally affects
a circular form, the mmginal plates alone being alive. Be-
tween these plates and in the protected crevices on the
reef, a multitude of branching zoophytes and other pro-
ductions flourish, but the Porites and Millepora alone seem
able to resist the fury of the breakers on its upper and outer
edge: at the depth of a few fathoms other kinds of stony
corals live. Mr. Liesk, who was intimately acquainted with
every part of this reef, and likewise with that of North Keeling
atoll, assured me that these corals invariably compose the
outer margin. The lagoon is inhabited by quite a distinct
set of corals, generally brittle and thinly branched ; but a
Porites, apparently of the same species with that on the out-
side, is found ghere, although it does not seem to thrive, and
certainly does not attain the thousandth part in bulk of the
masses opposed to the breakers.

The woodcut shews the form @hkhe bottom off the reef:
the water deepens for a space between one and two hundred
yards wide, very gradually to 25 fathoms (4 in section), be-
yond which the sides plunge into the unfathomable ocean
at an angle of 456°.1 To the depth of ten or twelve fathoms,
the bottom is exceedingly rugged, and seems formed of great
masses of living coral, similar to those on the margin. The
arming of the lead here.invariably came up quite clean, but
deeply indented, and chains and anchors which were lowered,

* This Millepora, (Palmipora of Blainville,) as well as the M. alci-
cornts, possesses the singular property of stinging the skin where it is
delicate, as on the face and arm.

t The soundings from which thig section is laid down were taken
with great care by Capt. FitzRoy himself: he used a bell-shaped lead,
having a diameter of 5 our inches, and the armings each tifne were cut
off and brought on board for me to examine. The arming is a prepa-
ration of tallow, placed in the concavity at the bottom of the lead.
Sand, and even small fragments of rock will adhere to it; and if the
hottom be of rock, it brings up an exact impression of its surface.
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in the hopes of tearing up the coral, were l.)l'Okcn-b Maxlxyc
small fragments, however, of ‘Millepon.x aleicornis were l'O‘llg‘
up; and on the arming from an eight-fathom cm;t, t;'cre
was a perfect impression of an Astraea, apparently afive.
I examined the rolled fragments cast on the beach dul'l."g
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 AL 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 Astrea were
also numerous ;.thc former is found, but not in proportionate
nunbers, in the hollows on the reef; but the Astraea 1 did
not sce living, THence we may infer, that dhese 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 margifl® Between 12 and 20 fathoms the
arming came up an equal number of times smoothed with
sand, and indented with coralz, an anchor and lead were lost
at the respeetive depths of 13 and 16 fathoms. Out of twenty-
five soundings, taken at a greater depth than 20 futhoms, cvery
one shewed that the bottom was covered with sand; whercas
at a less depth than 12 fathoms, cvery 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 aud 300 fathoms.,  The
sand brought up from these depths consisted of finely tri-
turated fragments of stony zoophytes, but not, as far as [
could distinguish, of a partigle of
fragments of shells were rare.

At a distance of 2200 yards from tll(;
FitzRoy found ne hottom with a line
hence the supmarine slope of (hig
than that of any voleanic cone.,
and likewise off tle northern p

any lamelliform genus:

breakers, Captain
7200 fect in length ;
coral formation s steeper
Off the mouth of the lagoon,
oint of the atoll, where the
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currents act violently, the inclination, owing to the accumu-
lation of sediment, is less. As the arming of the lead from
all the greater depths showed a smooth sandy bottom, I at
first concluded that the whole consisted of a vast conical
pile of calcareous sand, but the sudden increase of depth at
some points, and the circumstance of the line having been
cut, as if rubbed, when between 500 and 600 fathoms
were out, indicate the probable existence of submarine
cliffs.

On the margin of the reef, close within the line where
the upper surface of the Porites and of the Millepora
is dcad, three species of Nullipora flourish. One grows
in thin sheets, like a lichen on old trees; the second
in stony knobs, as thick as a man’s finger, radiating from
a common centre; and the third, which i8 less common,
in a moss-like reticulation of thin, but perfectly rigid
branches.* Fhe three species occur cither separately or
mingled together; and they form by their successive growth
a layer two or three feet in thickness, which in some cases is
hard, put where formed of the lichdh-like kind, readily yields
an impression to the hammer: the surface is of a reddish
colour. These Nulliporee, although able to exist above the
limit of true corals, seem to require to be bathed during the
greater part of cach tide by breaking water, for they are not
found in any abundance in the protected hollows on the back
part of the recf, where they might be immersed either
during the whole or an equal proportional time of each tide.
It is remarkable that organic productions of such extreme sim-
plicity, for the Nulliporee undoubtedly belong to one of the
lowest classes of the vegetable kingdom, should be limited
to a zone so peculiarly circumstanced. Hence the layer
composed by their growth, mgrely fringes the reef for a

* This last species is of a beautiful bright peach-blossom olour. Its
branches are about as thick as crow-quills; they are slightly flattened
and knobbed at the extremities. The extremities only are alive and
brightly coloured. The two other species are of a dirty purplish white,
The sccond species is extremely hard ; its shbrt knob-like branches are
cylindrical, and do not grow thicker at their extremities.
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space of about 20 yards in width, cither under the form olf:
separate mammillated projections, where the outer masses (i)
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 tlzrce
feet higher than any other part of the reef, by “thicb term [
do not include the islets, formed by the accumulation of rolled
fragments.  We shall hereafler see that other Forul recfs are
protected by a similar thick growth of Nullipora 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 ¢
were removed, the section would be that of the simple recef,
as it occurs where no islet has been formed. Jdt is this reef
which essentially forms the atoll. Tt is a ring, cnclosing the
lagoon on all sides except at the northern end, where there
are two open spaces, through one of which ships can cnter.
The reef varies in width from 250 to 500 vards: its surface
is level, or very slightly inclilwd towards the lagoon, and at
high-tide the sea breaks entirely over it: the water at Jow
tide thrown by the breakers on the reefy Is carried by the
many narrow and shoal gullies or channels on its surface,
nto the lagoon: a return stream sets out of the lagoon
through the main entrance. The most trequent coral in
the hollows on the reef is Locillopora verrucosa, which grows
in short sinuous plates, or branches, and wien ajive is of
a beautiful pale lake-red: 3 Madrepora, closely allied or
.u,lentical with M, pocilifera is also cominon.  As soon as an
Islet is formed, and the waveg are prevented breaking cutirely
! agments, and its surface jy o
mto a hard gy, floor, (C of wood
one of freegtono, This f
100 to 20(), Or cven

onverted
-cut), like an artificial
at surfuce varies ip width from
300 yards, and iy strewed  with a
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few large fragments of coral torn up during gales: it is
uncovered only at low water. I could with difficulty, and
only by the aid of a chisel, procure chips of rock from
its surface, and therefore could not ascertain how much of it
is formed by the aggregation of detritus, and how much by
the outward growth of mounds of corals, similar to those now
living on the margin. Nothing can be more singular than
the appearance at low-tide of this ¢flat’ of naked stone, espe-
cially where it is externally bounded by the smooth convex
mound of Nulliporee, appearing like a breakwater built to
resist the waves, which are constantly throwing over it sheets
of foaming water The characteristic appearance of this
‘flat’ is shown in the foregoing wood-cut of Whitsunday
Atoll,

The islets on the reef are first formed between 200
and 300 yards from its outer edge, through the accu-
mulation of a*pile of fragments, thrown together by some
unusually strong gale. Their ordinary width is under a
quarter of a mile, and their length varics, from a few yards to
severa] miles. Those on the S.E. and windward side of the
atoll, increase solely by the addition of fragments on their
outer side; hence the loose hlocks of coral, of which their
surface is composed, as well as the shells mingled with them,
almost exclusively consist of those kinds which live on the
outer coast. The highest part of the islets (excepting hil-
locks of blown sand, some of which are 30 feet high), is
close to the outer beach (E of the wood-cut) and averages
from six to ten feet above ordinary high-water mark. From
the outes bea¢h the surface slopes gently to the shores of the
lagoon, which no doubt has been caused by the breakers,
the further they have rolled over the reef, having had
less power to throw up fragments. The little waves of
the lagoon heap up.sand and fragments of thinly;branched
corals on the inner side of the islets on the leeward
side of the atoll; and these islets are broader than those
to windward, some being even 800 yards in width; but
the land thus added is very low. The fragments be-
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neath the surface are cemented into a solid mass, -Wh.wh
is exposed as a ledge (D of the wood-cut), projecting
some yards in front of the outer shore, and from two
to four fect 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 sc.oopcd apprar-
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 togcl'hcr by the
percolation of calcareous matter, resist the daily ndc:-: 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 scams, 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 previonsly-formed con-
glomerate, torn up, rounded, and re-cemented : or it consists
of a calcarcous sandstonc, entirely composed of rounded par-
ticles, generally almost blended together, of shells, corals,
the spines of cchini, and other such organte 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 calcarcous matter; and 1 collected g very inter-
esting series, beginning with fragments of usakered coral,
and ending with others, where jt was impossible to discover
with. the naked cye any trace of organic structure, In some
Specimens [ was unable, ever with the aid of a lens, and by
wetting them, to distinguish the boundarics of the altered
coral and’ spathose limestone. Many even of the blocks of

coral l;,:ing loose on the beach, had tlici central parts altered
and infiltrated,

v
The lagoon alone remains 1o he desceribed ; it i much
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shallower than that of most atolls of considerable size. The
southern part is almost filled up with banks of mud and fields
of coral, both dead and alive; but there are considerable
spaces, between three and four fathoms, and smaller basins
from eight to ten fathoms decp. Probably about half its
areg consists of sediment, and balf of coral-reefs. The
corals composing these reefs have a very different aspect from
those on the outside: they are very numerous in kind, and
most of them are thinly branched. Meandrina, however,
lives in the lagoon, and great rounded masses of this coral
arc numerous, lying quite or almost loose on the bottom.
The other commonest kinds consist of three closely allied
species of true Madrepora in thin branches; of Seriata-
pora subulata ; two species of Porites® with cylindrical
branches, one of which forms circular clumps, with the ex-
terior branches only alive ; and lastly, a coral something
like an Explartaria, but with stars on both surfaces, growing
in thin, brittle, stony, foliaccous expansions, especially in the
deeper basins of the lagoon. The reefs on which these
corals,grow are very irregular in form, are full of cavities,
and have not a solid flat surface of dead rock, like that
surrounding the lagoon ; nor,can they be nearly so hard,
for the inhabitants made with crowbars a channel of con-
siderable length through these reefs, in which a schooner,
built on the S.E. islet was floated out. It is a very interest-
ing circumstance, pointed out to us by Mr. Liesk, that this
channel, although made less than ten years before our visit,
was then, as we saw, almost choked up with living coral, so
that fresh excavations would be absolutely necessary to allow
another vessel to pass through it.

The sediment from the deepest parts in the lagoon,
when wet, appeared chalky, but when dry, like very fine

* This Porites has somewhat the habit of P. clavarta, but the
branches are not knobbed at their ends. When alive'it is of a yellow
colour, but after having been washed in fresh water and placed to dry,
a jet-black slimy substance exuded from the entire surface, so that the
specimen now appears as if it had been dipped in ink.
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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-
tbo?gh 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 laguon, this
can take place only in a small degree. There are, however,
other and unegpected agents at work herc: large shoals
of two species of Scarus, one inhabiting the surf outside the
reef and the other the lagoon, subsist entirely, as T was
assured by Mr. Liesk the intelligent resident Ywefore referred
to, by browsing on the living polypifers. 1 opened several
of these fish, which are very numerous and of considerable
size, andl [ found their intestines distended by small gicces
of coral, and finely ground caleareous matter.  This must
daily pase from them as the finest sediment; much also must
be produced by the infinitely numerous vermiform and mol-
luscous animals, which make cavities in alimost every block
of coml.  Dr. J. Alan of Forres, who has enjoyed the
bhest means of olmervation, informs me in a letter, that the
Holuthuria (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, in extraondinarilysgreat; 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 fincst mud, by
these severa' creatures, and probably by many other kinds,
must be immense. These facts arc, however, of more im-
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portance in another point of view, as showing us that there
are living checks to the growth of coral-reefs, and that the
almost universal law of ¢consume and be consumed,’ holds
good even with the polypifers forming those massive bul-
warks, which are able to withstand the force of the open
ocean.

Considering that Keeling atoll, like other coral formations,
has been entirely formed by the growth of organic beings,
and the accumulation of their detritus, one is naturally led to
enquire, how long it has continued, and how long it is likely
to continue, in its present state. Mr. Leisk informed me
that he had seen an old chart in which the present long
island on the S.E. side was divided by several channels into
as many islets; and he assures me that the channels can still
be distinguished by the smaller size of the trees on them.
On several islets, also, I observed that only young cocoa-nut
trees were grotving on the extremities; and that older and
taller trees rose in regular succession behind them; which
shows that these islets have very lately increased in length.
In the upper and south-eastern part of the lagoon, I was
much surprised by finding an irregular field of at least a mile
square of branching corals, stll upright, but entirely dead.
They consisted of the species already mentioned ; they were
of a brown colour, and so rotten, that in trying to stand on
them, I sank half way up the leg, as if through decayed
brushwood. The tops of the branches were barely covered by
water at the time of lowest tide. Several facts having led
me to disbelieve in any elevation of the whole atoll, I was at
first unable to®imagine what cause could have killed so large
a ficld of coral. Upon reflection, however, it appeared to
me that the closing up of the above mentioned channels
would be a sufficient cause ; for before this, a strong breeze by
forcing water through them into the head of thg lagoon,
would tend to raise its level. But now this cannot happen,
and the inhabitants observe that the tide rises to a less
height, during a high S.E. wind, at the head than at the
mouth of the lagoon. The corals, which, under the former
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condition of things, had attained the utmost possible limit of
upward growth, would thus occasionally be exposed for -a
short time to the sun, and be killed.

Besides the increase of dry land, indicated by the fore-
going facts, the exterior solid reef appears to have ’gro.wn
outwards. On the western side of the atoll, the ¢ flat l).ung
between the margin of the reef and the beach, is very wxdfu
and in front of the regular beach with its conglomerate basis,
there is, in most parts, a bed of sand and loose fragments
with trees growing out of it, which apparently is not reached
even by the spray at high water. It is evident some
change has taken place since the waves formed the inner
beach: that they formerly Beat against it with violence
was evident, from a remarkably thick and water.worn point
of conglomerate at onc spot, now protected by vegetation
and a bank of sand; that they beat against it in the same
peculiar manuer in which the swell from windward now ob-
liquely curls round the margin of the reef, was evident from
the conglomerate having been worn into « point projecting
from the beach in a stmilarly oblique manner.  This getreat
in the linc of action of the breakers might result, either from
the surface of the reef in front of the islets having heen
submerged at one time, and afterward having grown upwards,
or from the mounds of coral on the margin having continued
to grow outwards.  That an outward growth of this part is in
process, can hardly be doubted from the fuct already men-
tioned of the mounds of Porites with their summits appa-
rently lately killed, and their sides ouly three or four inches
lower down thickened by a fresh layer of lividr coral.  But
there is a difficulty on this supposition which T must not pass
over. If the whole, or a large part of the “flat,’ had been
f"""‘fd by the outward grovdli of the margin, each successive
margin would naturally have heen coated by the Nulliporse
an.d 50 lech of the surface would have been of cqua;

ident fmn: tf By le e, e woud-cut. .h % llmvevef,
o ¢ whraded state of the <flat,’ with jig original
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inequalities filled up, that its surface has been much modified ;
ang it is possible that the hinder portions of the zone of Nulli-
poree, perishing as the reef grows outwards, might be worn down
by the surf. If this has not taken place, the reef can in no
part have increased outwards in breadth since its formation,
or at least since the Nulliporee formed the convex mound on
its margin: for the zone thus formed, and which stands be-
tween two and three feet above the other parts of the reef, is
nowhere much above twenty yards in width.

Thus far we have considered facts, which indicate, with
more or less probability, the increase of the atoll in its
different parts: there are others baving an opposite tendency.
On the S.E. side, Lieut. Sulivan, to whose kindness I am
indebted for many interesting observations, found the con-
glomerate projecting on the reef nearly ﬁfty }ards in front of
the beach: we may infer from what we sece in all other parts
of the atoll, thas the conglomerate was not originally so much
exposed but formed the base of an islet, the front and upper
part of which has since been swept away. The degree to
which the conglomerate, round nearly the whole atoll, has
been scooped, broken up and the fragments cast on the beach,
is certainly very surprising, eveg on the view that it is the
oftice of occasional gales to pile up fragments, and of the
daily tides to wear them away. On the western side, also,
of the atoll, where I have deseribed a bed of sand and
fragments with trees growing out of it, in front of an old
beachy it struck both Licut. Sulivan and mysclf, from the
manner in which the trees were being washed down, that the
surf had lately secommenced an attack on this line of coast.
Appearances indicating a slight encroachment of the water on
the land, are plainer within the lagoon: I noticed in several
places, both on its windward and deeward shores, old cocoa-
nut trees falling with their roots undermined, and thc rotten
stumps of others on the beach, where the inhabitants assured
us the cocoa-nut could not now grow. Capt. FitzRoy pointed
out to me, necar the settlement, the foundation posts of a
shed, now washed by every tide, but which the inhabitants

c
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stated, had seven years before stood above high watcr-n.mrk.
In the caln waters ot the lagoon, directly ‘-‘0“““?““1 with a
great, and therefore stable ogcanl,‘it‘ seens very improbable
that a change in the currents, sufficiently great to cause the
water to cat into the land on all sides, should have taken
place within a limited period. From these mnsid?mtiqns I
inferred, that probably the atoll had lately subsided to a
small amount; and this inference was strengthened by the
circumstance, that in 1834, two years before our visit, the
island had been shaken by a severe earthquake, and by two
slighter ones during the ten previous years. If, during these
subterranean disturbances, the atoll did subside, the down-
ward movement must have heen very smmall, as we must cou-
clude from the fields of dead coral still lipping the surface of
the lagoon, and from the breakers on the western shore not
having yet regained the line of their former action. T'he
subsidence must, also, have been preceded v a long period
of rest, during which the islets extended to their present size,
and the living margin of the reef grew either upwards, or as
I believe outwards, to its present distance from the bgach,
Whether this view be correct or not, the above facts are
worthy of attention, as slm\\ing how severe o struggle ix in
progress on these low coral-formations between the two nicely
balanced powers of land and water.  With respect to the
future state of Keeling atoll, if left nndisturbed, we can see
that the islets may still extend in length; but ax
resist the surt until broken by rolling over a wide space, their
increase in breadth must depend on the increasing breadth
of the r.cef; and this must be limited by thcmtoopncxg of the
submarine flanks, which can be added o only by sediment
derived from the wear and tear of the coral, l"rm;) the rapid
R e
it migﬁt be thought that the 1 oon IW(( ]”;‘mg ﬁm'.sc(hment,
quickly filled up.  Some of t;:i sed; nile nw-cssanly.become
L info the o ? Sediment, however, iy trans-
S?t: t;:()uth of the ‘['::;:0:‘3?:1 o 3[)])(:ars‘ from t}l(‘.ﬂf)llndingﬁ off
’ »Instead of being deposited within ¢,

they eannot
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The deposition, moreover, of sediment, checks the growth of
cotal reefs, so that these two agencies cannot act together
with full effect in filling it up. We know so little of the
habits of the many different species of corals, which forn the
lagoon-reefs, that we have no more reason for supposing that
their, whole surface wonld grow up as quickly as the coral
did in the schooner-channel, than for supposing that the
whole surface of a peat-moss would increase as quickly as
parts are known to do in holes, where the peat has been cut
away. These agencies, nevertheless, tend to fill up the
lagoon ; but in proportion as it becomes shallower, so must
the polypifers be subject to many injurious agencies, such as
impure water and loss of food. For instance, Mr. Liesk
informed me, that some years before our visit unusually
heavy rain killed necarly all the fish in the lagoon, and
probably the same cause would likewise injure the corals.
The reefs also, it must be remembered, cannot possibly rise
above the level of the lowest spring-tide, so that the final
conversion of the lagoon into land must be due to the accu-
mulatiop of sediment; and in the midst of the clear water of
the ocean, and with no surrounding high land, this process
must be exceedingly slow.

SECTION SECOND.

General form and size of alolls, their reefs and tslets— External slope—
Zone of Nullipgre — Conglomerate — Depth of lagoons—Sediment—
Reers submerged wholly or tn part— Breaches in the reef — Ledge-
Sformed shores round certain lagoons— Conversion of lagoons ¥nto land.

I witL here give a sketch of the general form and structure

of the many atolls and atoll-formed reefs which occur in the

Pacific and Indian oceans, comparing them with keeling

atoll. The Maldiva atolls and the Great Chagos Bank differ

in so many respects, that I shall devote to they, besides

occasional references, a third section of this chapter. Keeling
c2
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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 clongated form; thus
Bow Island is thirty miles in length, and on an average
only six in width (Sce 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 Korsacoft 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 ot them
(which, however, bears a double name) measured in a medial
and slightly curved line, is no less than clghty-eight seogri-
phical mileslong, its greatest width being under tw enty, and its
least only nine-and-a-halt miles.  Some atolls hase spurs
projecting from them; and in the Maralall aroup there are
atolls united together by linear reefs, for in<tuince Menchioft
Island, (See Fig. 3, Plate 1) which i~ sInty mitles in length,
and consists of three loops tied together.  Tn fur the greater
number of cases an atoll consists of 4 simple clongated ring,
with its outline moderately regular, )
The average width of the aunulur roef may be tuken at
about a quarter of a mile. Capte Beeehey® o that in the
atolls of the Low Archipelago it exceeded i e et
a- mile.- The deseription given of 11, strussure and propor-
tional dimensions of the reef and et of Keeling atoll, ap-
pears to apply perfeetly to nearly all the atolls in the P
and Indian oceans. The jules are firg

ance half

acifie
formed some way
reef, especially if

main entrances
Leses, on points where the
es of wind in somewhat different
acific and Beering

!mck cgthcr on the Projecting points of tle
its form he angular, or op the sides of (he
nto the lagoon—that i« iy, hoth ¢
breakers ¢an act during g4

" Beechey’s Voyage 1 the p s Straits, ¢t
b 5, chap. viii,
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dircctions, so that the matter thrown up from one side
may accumulate against that before thrown up from another.
In Lutks chart of the Caroline atolls, we see many
instances of the former case; and the occurrence of islets,
as if placed for beacons, on the points where there is a
gateway or breach through the reef, has been noticed
by several authors. There are some atoll-formed reefs,
rising to the surface of the sea and partly dry at low
water, on which from some cause islets have never been
formed; and there are others, on which they have been
formed, but have subscquently been worn away. In atolls
of small dimensions the islets frequently become united
into a single horse-shoe or ring-formed strip; but Diego
Garcia, although an atoll of considerable size, being thir-
teen miles and a half in length, bhas its lagoon entirely
surrounded, except at the northern end, by a belt of
land, on an aterage a third of a mile in width. To
show how small the total area of the annular reef and the
land is in islands of this class, I may quote a remark from the
voyage ,of Lutke, namely, that if the forty-three rings, or
atolls, in the Caroline Archipelago, were put one within
another, and over a steeple in the centre of St. Petersburg,
the whole would not cover that city and its suburbs.

The form of the bottom off Keeling atoll, which gradually
slopes to about twenty fathoms at the distance of between one
and two hundred yards from the edge of the reef, and then
plunges at an angle of 45° into unfathomable depths, is ex-
actly the same* with that of the sections of the atolls in the
Low Archipelago given by Capt. Beechey. The nature,
however, of the bottom seeins to differ, for this officert informs

* The form of the bottom rvund the Marshall atolls in the Northern
Pacific is probably similar: Kotzebuca(First Voyage, vol. ii. p. 16.)
says, “ We had at a small distance from the reef, forty fathoms depth,
which increased a little further so much that we could find no Bottom.”

t Imust be permitted to express my obligation to Captain Beechey,
for the very kind manner in which he has given me information on
several points, and to own the great assistance I have deriwed from his
excellent published work.
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me that all the soundings, even the deepest, were on coral, but
he does not know whether dead or alive.  The slope round
Christmas atoll, (Lat. 124" N, 1577 45" W.) deseribed by
Cook,* is considerably less; at about halt & mile from the
edge of the reef, the average depth was about fourteen fathoms
on a fine sandy bottom, and at a mile, only between
twenty and forty fathoms. It has no doubt been owing to
this gentle slope, that the strip of land surrounding its
Jagoon, has inereased in one part to the extraordinary width
of three miles: it is formed of successive ridges of broken
shells and corals, like those on the beach. 1T know of no
other instance of such width in the reef of an atoll; bhat Mr, I,
D. Bennett informs me that the inclination of the bottom
round Carolive atoll in the Pacific, s lihe that oft Christinas
island, very gentle. Ot the Maldiva and Chagros atolls, the
inclination ix much more abrupt; thus at Heawandoo Pholo,
Licut. Powellt tound 50 and 60 fithoms elose to the edge
of the reet, and at 300 yurds distance there was no
bottom with a 300 yard line,  Capt. Moreshy inforis e,
that at 100 futhoms from the mouth of the Lygoon of
Diezo Gareta, he found no bottomn with 150 fathoms: this
is the more remarhable, as e slope is prenerally 1o abrapt
in front of channels through a reet) owing 1o the acemmu-
lation of sediment. At Bemont Idand, also, at 150 fathons
from the reef, soundings were strack with 150 fathoms,
Lastly, at Cardoo atoll, only siaty vards trom the reef, no
bottom was obtained, as 1 am intorimed by Capt. Moreshy,
with a line of two hundred fathoms!  The currents ru;n
with great foree round  there atolls, and evhere thev are
strongest, the inclination appears to be most abrapi. T am
informed by the same authority, that wherever
were obtained off these wlands, the
szm(ly:‘ nor was there any re:

soundings
bottom was invariably
=N to suspeet the existence
P flook's Thind Vovave, vol, i, chap. 10,
F This faet is 1taken fron, o Ms,
(Jﬂ[l'- M()I‘Hﬁl»}'. See alen (':\pt.
i the Geographical Yournal, y ol

account of these graups lent me by
Moresby's paper on the Maldiy

i atolls
- vop. 401,
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of submarine cliffs, as there was at Keeling Island.* lere
then occurs a difficulty ;—can sand accumulate on a slope,
which, in some cases, appears to exceed fifty-five degrees?
[t must be observed, that 1 speak of slopes where soundings
were obtained, and not of such cases, as that of Cardoo,
where the nature of the bottom is unknown, and where
its Inclination must be nearly vertical. M. Elie de Beau-
montt has argued, and there is no higher authority on
this subject, from the inclination at which snow slides down
in avalanches, that a bed of sand or mud cannot be
formed at a greater angle than thirty degrees. Considering
the number of soundings on sand, obtained round the Mal-
diva and Chagos atolls, which appear to indicate a greater
angle, and the extreme abruptness of the sand-banks in the
West Indies as will be mentioned in the Apbendix, I must
conclude that the adhesive property of wet sand counter-
acts its gravity, in a much greater ratio than has been
allowed for by M. Elic de Beaumont.  From the facility with
which calcarcous sand becomes aggelutinated, it is not neces-
sary to supposc that the bed of loose sand is thick.

Capt. Beechey has observed, that the submarine slope is
much less at the extremities of the more elongated atolls in
the Low Archipelago, than at their sides; in speaking of
Ducie's Island he sayst the buttress, as it may be called,
which *“has the most powerful enemy (the S.W. swell)
to oppose, is cartied out much farther, and with less abrupt-
ness, than the other.” In some cases, the less inclination
of a certain part of the external slope, for instance of the

* Off some of the islands imthe Low Archipelago the bottom appears
to descend by ledges.  Off Elizabeth Island, which, however, consists
of raised coral, Capt. Beechey (p. 45, quarto ed.) describes three ledges :
the first had an easy slope from the begeh to a distance of about fifty
yards: the second extended two hundred yards with twenty-five fathoms
on it, and then ended abruptly, like the first; and immediatqly beyond
this there was no bottom with two hundred fathoms.

t Mémoires pour servir & une description Géolog. de France, tome iv.,
p- 216.

t Beechey's Voyage, 4to ed. p. #.
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northern extremitics of the two Keeling atolls, is caused by
a prevailing current which there accumulates o bed of sand.
Where the water is perfectly tranquil, as within a lagoon,
the reefs generally grow up perpendicularly, and sometimes
cven overhang their bases: on the other hand, on the leeward
side of Mauritius, where the water is generally tranquil
although not invariably so, the reef is very gently inclined.
Hence it appears that the exterior angle varies much;
uevertheless, in the close similavity in form between the
sections of Keeling atoll and of the atolls in the Low Archi-
pelago, in the general steepuess of the reefs of the Maldiva
and Chagos atelly, and in the perpendicnlarity of those ristng
out of water always tranquil, we iy discern the effeets of
uniform Lews: bat from the comples action of” the ~urt and
currents, on the gronwing powers of the coral and on the
deposition of sediment, we can by no means follow out
all the results, .

Where islets have been foresd on the ree ) that part which
I have somctimes called the - flat, and which is partly dry
at low water, uppears shmilar in every atolls T the Marshiall
group in the N, Pacifie, it may be inferred trom (‘}i;l;lli?stl'S
description, that the reef, whereislets have not been tormed on
ity slopes gently from the external margin to the <hores of the
lagoon: Flindersstates that the Anstralinn bartier Las
inclination inwards, and I have no doabt it e

asinilar
of soneral
occurrence, althouch, according to Ehrenberg, the

r . : reefs of
the Red Sca offer an exception,

Cliatnis=o observes that
“the red colour of the reef (at the Marshall atolls; under the
breakers i3 caused by a .\'nllipm‘uk\\‘hi('h covers the .smn(;
wherever the wares boot ; and, under favourable clrenistanees
assumes a stalactitical form,”-—g deseription p(‘rli-('lll\' ;x ) )l.i.’
cable to the margin of Kedling atoll.* Althongly ('i,;m},il,go

* Kotzelue's Tirst Voo ‘ol il : v
. e First Voyage, vol, iii. P2 Xear Pore Pr
Jape de Verd Tslands, come basaltic rocks, Lnhe )
surf, were completely enveloped with a
surface over ANy squ

ayva, in the
'Y o iln'n!l*«i(l(‘l’:l'ife
ayer of ,\'.;nj,,,,m
weanchies, was coloured 1 |
the layer, however, was of 1o wreater thickne

The entire
f i3 ‘n KT

B Llovsom red
~~ than Piper Anether
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does not state that the masses of Nulliporae form points or a
mound, higher than the flat, yet I belicve that this is the case;
for Kotzebue,* in another part, speaks of the rocks on the
cdge of the reef “ as visible for about two feet at low water,”
and these rocks we may feel quite certain are not formed of
true coral.t  Whether a smooth convex mound of Nullipore,
like “that which appears as if aruhclally constructed to pro-
tect the margin of Keeling Island, is of frequent occur-
rence round atolls, I know not ; but we shall presently meet
with it, under precisely the same form, on the outer edge of
the “barrier reefs’ which encircle the Society Islands.

There appears to be scarcely a feature in the structure
of Kecling reef, which is not of common, if not of universal
occurrence, in other atolls.  Thus Chamisso describes} a layer
of coarse conglomerate, outside the islets round the Marshall
atolls, which “appears on its upper surface uneven and eaten
away.” From «lrawings, with appended remarks, of Diego
Garcia in the Chagos group and of scveral of the Maldiva
atolls, shown me by Captain Moresby§, it is evident that
their outer coasts arc subject to the same round of decay and
renovation as those of Keeling atoll.  From the descrip-
tion of the atolls in the Low Archipelago, given in Capt.

kind, in the form of projecting knobs, grew in the same situation.
These Nullipora are closely related to those described on the coral-
reefs, but I believe are of different species.

* Kotzebue's First Voyage, vol.ii. p.16. Lieut. Nelson in his
excellent memoir in the Geological Transactions, (vol. ii p.105.)alludes
to the rocky points mentioned by Kotzebue, and infers that they consist
of Serpula, which compose incrusting masses on the reefs of Bermudas,
as they likewise do on a san@@tone bar off the coast of Brazil, (which 1
have described in London Phil. Journ. Oct 1841). These masses of
Serpulwe hold the same position, relatively to the action of the sea, with
the Nullipore on the coral-reefs in thg Indian and Pacific Occans.

t+ Capt. Morcsl)), in his valuable paper “on the Northern Atolls of
Maldivas,” ((:co\rraphxcal Journal, vol. v.), says that the edges of the
reefs there stand above water at low spring tides.

! Kotzebue's First Voyage, vol. iii. p. 144.

§ Sce also Moresby on the Northern atolls of the Maldivas, Geogra-
phical Journal, vol. v. p. 400,
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Beechey’s Voyage, it is not apparent that any conglomerate
coral-rock was there observed. )

The lagoon in Keeling atoll is shallow: in the moll~s of the
Low Archipelago the depth varies from 20 to 38 fathoms,
and in the Marshal Group, according to Chamisso, from
30 to 35: in the Caroline atolls it is only a little !css.
Within the Maldiva atolls there are large spaces with 45
fathoms, and some soundings are laid down of 49 fathoms.
The greater part of the bottom in most lagoons, is formed
of sediment; large spaces have exactly the same depth, or
the depth varies so inscusibly, that it is evident that no
other means, excepting aqueous deposition, could have
levelled the surface so equally.  In the Maldiva atolls
this is very conspicuous, and likewise in some of the Caroline
and Marshall Islands,  In the former Jarge spaces consist of
sand and soft clay; and Kotzebue speaks of clay having
been found within one of the Marshall atolle.  No doubt
this clay is calcarcous mud, similar to that at Keeling Island,
and to that at Bermuda already referred to, as undistinguish-
able from disintegrated chalk, and which Licat, \vlw:n Savs
1s called there pipe-clay.*

Where the waves act with uncqual foree on the two sides
of an atoll, the islets appear to be first tormcd, and are gene-
rally of greater continuity on the more exposed shore. The
islets, also, which are placed o leeward, are in most parts of
the Pacitic liable to Le oceastonally <wept entirely away by
gales, cqualling hurricanes in violenee, which blow in an oppo-
site direction to the ordinary trade-wind., The albsence of the

* 1 may here observe thiat on the comgm of Jimzni.‘ where there s
much coral, the sonndings near the land are desenbied Ly Admiral
Roussin, in the P2dote ou I3résit, w8 sliceons sand, mingled ;uth much
finely comminuted particles of spellsand coral. Further in the offing,
for a space of L300 miles 2! ng the coast, from the Abrolhos islands to
Maranham, the bottom in many places s composed of “taf blane
méle au formé e mrulrépores hroyis '

: This white substunce, pro-
bably i« analogons 1o 1h

at which occurs within the above-mentioned

lagoons: it is . o neeopd .
AgOONN; ILIS gometimes, ¢ cording to Roussin, firm, and he compares it

1o mortar,
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islets on the leeward side of atolls, or when present their lesser
djmensions compared with those to windward, is a compara-
tively unimportant fact ; but in several instances the reef itself
on the leeward side, retaining its usual defined outline, does
not rise to the surfuce by several fathoms. This is the case
with the southern side of Peros Banhos (Plate I fig. 9) in
the’ Chagos group, with Mourilen atoll®, in the Caroline
Archipelago, and with the barrier reef (Plate L, fig. 8) of the
Gambier Islands. I allude to the latter reef, although
belonging to another class, because Captain Beechey was first
led by it to observe the peculiarity in the question. At
Peros Banhos the submerged part is nine miles in length,
and lies at an average depth of about 5 fathoms; its sur-
face is nearly level, and consists of hard stone, with a thin
covering of loose sand.  There is scarcely any living coral
on it, even on the outer margin, as I have been particularly
assured by Capt. Moresby : it is in fact a wall of dead coral-
rock, having the same width and transverse section with the
reef in its ordinary state, of which it is a continuous portion.
The ln ing and perfect parts terminate abruptly, and abut on
the qubmcr{,cd portions, in the same manner as on the sides
of an ordinary passage through the reef.  The reef to leeward
in other cases is nearly or quite obliterated, and one side of
the lagoon is left open; for instance at Oulleay (Caroline Ar-
chipelago), where a crescent-formed reef is fronted by an irre-
gular bank, on which the other half of the annular reef probably
once stood. At Namonouito, in the same Archipelago, both
these modifications of the reef concur; it consists of a great
flat bank, wigh from 20 to 25 fathoms water on it; for a
length of more than 40 miles on its southern side it is open
and without any reef, whilst on the other sides it is bounded
by a reef, in parts rising to the s.urfacc and perfectly charac-
terized, in parts lying some fathoms submerged. In the
Chagos group there arc annular reefs, entircly sabmerged,

* Frederic Lutké's Voyage autour du Monde, vol. ii. p. 291. See
also his account of Namenouito, at pp. 97 and 105, and the chart of
Oulleay in the Atlas,
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which have the same structure as the submerged and defined
+ \] . » > -

portions just described. The b}?cukors Bank oﬁlf's nnlt‘)fla'
lent example of this structure ; its central expanse, w tich is
about 22 fathoms deep, is 24 miles across; the external run iy
of the usual width of aunular reefs, and is well-defined ; it lies
between 6 and 8 fathoms beneath the surface, and at the sgine
depth there are scattered knolls in the l:ngn()f}. Capt. Murvs.b_y
believes the rim consists of dead rock, thinly covered with
sand, and he iIs 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. Moreshy feels sure
that the quantity of living coral, even on the outer edge
overhanging the decp-sea water, is quite insizuificant. Lastly,
in several parts”of the Pacific and Indian Oceanis there are
banks, Iving at areater depths than in the cases Just men-
tioned, of the same form and size with thee neighbouring
atolls, but with tho v atoll-like structure wholly ohliterated,
It appears from the survey of Freveinet, that there are hanks
of this Kind iu the Caroline Archipelago, wnd, as i« reppreed,
in the Low Archipelago.  When we divenes the origin of the
different classes of coral formgations, we shadl see that the
submerged state of the whole of come atoll-formed  reets,
and of portions of others, generally Lut nog invariably o the
leeward side, and the existence of more deeply subuwrgcd
banks now possessing little or no sigus of theip original atoll-
like structure, are probably the cffects of 4 uniform cause, -
naniely, the death of the coral, (luring the subsidence of the

arca, in which the atolls or banks are sitnated,
There is scldom, with the exeeption of the )
morc thz'm two or three channels, und generally only one
leading into the lagoan, of suflicient depth for a ship to

enter.  In small atolls, there i« usually nog even one, Where
there is deep water, for inst; y :
: , stanee above pwengy i
the middle of the lagoon, the channely ¢ " ﬁ‘”‘“""_" ro
1 ‘ 3 through the reef are
seldom ag deep as the centre,

—it may he stid that the ri
: A ‘ e rim
only of the sancer-shaped  hollow

laldiva atolls,

ﬁ)l'unnj.; the lagoon i«
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notched. Mr. Lyell* has observed that the growth of the
coral would tend to obstruct all the channels through a reef,
except those kept open by diecharging the water, which
during high tide and the greater part of cach ebb is thrown
over its circumference. Several facts indicate that a consi-
derable quantity of sediment is likewise discharged through
these channels; and Captain Moresby informs me that he
has observed, during the change of the monsoon, the sea
discoloured to a distance off thc entrances into the Maldiva
and Chagos atolls, This, probably, would check the growth
of the coral in them, far more effectually than a mere current
of water. In the many small atolls without any channel,
these causes have not prevented the entire ring attaining the
surface. The channels, like the submerged and effaced parts
of the recf, very generally though not invariably occur on
the lecward side of the atoll, or on that side, according to
Beechey,t which, from running in the same direction with
the prevalent wind, is not fully exposed to it. Passages
between the islets on the reef, through which boats can pass
at high-water, must not be confounded with ship-channels, by
which the annular reef itself is breached. The passages
between the islets occur, of caurse, on the windward as well
as on the leeward side; but they are more frequent and
broader to leeward, owing to the lesser dimensions of the
islets on that side.

At Keeling atoll the shores of the lagoon shelve gradually,
where the bottom is of sediment, and irregularly or abruptly
where there are coral reefs ; but this is by no means the uni-
versal structwre in other atolls.  Chamisso,} speaking in
general terms of the lagoons in the Marshall atolls, says the
lead generally sinks “from a depth of two or three fathoms
to twenty or twenty-four, andeyou may pursue a linc in
which on one side qf the boat you may sce the bottom, and
on the other the azure bluc deep water.,” The shores of the

* Principles of Geology, vol. iii. p. 239,
+ Beechey's Voyage, 4to. ed. vol. i. p. 189..
| Kotzebue's First Voyage, vol. iii. p. 142.
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lagoon-like chanunel within the barrier-reef at \'.nuikoro hm'.e
a similar structure.  Captain Beechey has deseribed o modi-
fication of this structure (and he believes it is not uncommon)
in two atolls in the Low Archipelago, in which ll}o shores of
the lagoon descend by a few, broad, slightly lllCl}llml, lc‘dgcs
or steps: thus at Matilda atol,* the great exterior reef, the
surface of which is gently inclined towards and beneath the
surtace of the lagoon, ends abraptly in a little cliff three
fathoms deep : at its foot, a ledge forty vards wide cx‘(cnds,
shelving wently inwards like the surfuce-reet, and lcrm?nmml
by a sccond little cliff five fashoms deep: bevoud this, the
bottom o the lagoon slopes to twenty fathoms, which is the
average depth of its centre. These ledues seem to be tormed
of coral rock; and Captain Beechey savs that the lead often
descended several fathoms through holes in them,  In some
atolls, all the coral reetx or knolls in the lazoon come to the
surtace at low-water; in other cases of rarer vecurrencee, all
lic at nearly the same depth beneath i, but most frequently
they are quite irregular, —some with perpendicular, some
with sloping sides.—some rising to the surtice, and athers
lying at all intermediate depths from the bottom upwards,
I cannot, therefore., suppose that the union of such reefy
could produce even one antformly sloping ledue, and mich
less two or three, one beneath the other, and each terminated
by an abrapt wall. At Matilda Island, which offers the best
cxample of the step-like structure, Captain ”('l‘(‘h("\’ observes
that the coral knolls within the fagoon are quite irregular in
their height. We shall hereafier see that the theory which
accounts for the ordinury form of atolls, appar ntly includes
this occasional peenliarity in their structare,

In the midst of o group of atolls, there sometimes ocear
small, flat, very low islands of coral tormation, which probably
once included a lagoon, since filled up with s«cdiment and coral-

. age o - 1
h }l%cu.hc; > Yosaue, dto, o, vol. Lp 0 AT Whitsunday Island
the bottom of the Yagooy, slopes gradually towar s the centre, and then
deepens sudderly, the clize of the Lank e

e ' g nearly perpendicular.
‘This bank is formed of corl R perpend

and de el Shelta,
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reefs. Captain Beechey entertaing no doubt that this has
been the case with the two small islands, which alone of
thirty-one surveyed by him in the Low Archipelago, did not
contain lagoons, Romanzoff Island (in lat. 15° S.) is described
by Chamisso* as formed by a dam of madreporitic rock in-
closing a flat space, thinly covered with trees, into which the
sea on the leeward side occasionally breaks. North Keeling
atoll appears to be in a rather less forward stage of conver-
sion into land: it consists of a horse-shoe shaped strip of
land surrounding a muddy flat, one mile in its longest axis,
which is covered by the sca only at high water. When de-
scribing South Keeling atoll, I endeavoured to show how
slow the final process of filling up a lagoon must be; never-
theless, as all causes do tend to produce this effect, it is very
remarkable that not one instance, as I believe, is known of
a moderately-sized lagoon being filled up even to the low
water-line at spring-tides, much less of such a one being
converted into land. It is, likewise, in some degree remark-
able, how few atolls, except small ones, are surrounded by a
single lincar strip of land, formed by the union of separate
islets, We cannot suppose that the many atolls in the Pacific
and Indian occans all have hag a late origin, and yet should
they remain at their present level, subjected only to the
action of the sea and to the growing powers of the coral,
during as many centuries as must have elapsed since any of
the carlier tertiary epochs, it cannot, I think, be doubted
that their lagoons and the islets on their reef, would present a
totally different appearance from what they now do. This
cousideration Jeads to the suspicion that some renovating
agency (namely subsidence) comes into play at intervals, and
perpetuates their original structure.

Kotzebue's First Voyage, vol. iii. p. 221.
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SECTION THIRD.

Maldiva Archipelago—Ring-formed reefs marginal and central—Great
depth tn the lagoons of the S. atolls—Reefs in the lagoons all rising
to the surface — Position of islets, and breaches in the reefs with respect
to the prevalent winds and action of the waves— Destruction of islety—
Connection in the posttion and submarine foundation of distinet atolls—
The apparent disseverment of large atolls—The (ireat Chagos Bank-—
Its submerged condition and catraordinary structure.

AvTtrouGH occasional references have been made to the
Maldiva atolls, and to the banks in the Chagos group,
some points of their structure descrve further consideratior:.
My description is derived from an examination of the admni-
rable charts lately published from the survey of Captain
Moreshy and Licut. Powell, and more espocially from in-
formation which Captain Moresby has communicated to me
in the kindest manner.

The Maldiva Archipelago is 470 miles i length, with an
average breadth of about 50 miles.  The form and dimensions
of the atolls, and their singular position in a double line, may
be scen, but not well, in the greatly reduced chart (Fig. G:)
in Plate II. The dimensions of the longest atoll in the
group, (called by the double name of Mills-dou-Madou
an-d Tilla-dou-Matte) has alrcady been given; it is 88
miles "m a medial and slightly curved line, and is less than
20 mllc:q i its broadest part.  Suadiva, also, is a noble
atoll, being 44 miles across in one direction, 9nd 34 in an-
other, and the great included expanse of watcr has a depth of
b'ctwc%\n 250 and 300 feet.  The smaller atolls in this group
differ in no respect fro’m opdinary ones; but the larger ones
:L(; ;::\l:ll\i;(lli)f;o:r:l :;m:;f. b’rcnche(} b:v numerons deep-water

> lagoon s for instance, there are
42 channels, through whicl a ship could enter ,t}
. 1 lagoon
of Suadiva. In the three southern large °
parate portions of reef | hose o atolls, the se-
etween these channels have the
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ordinary structure, and are linear ; but in the other atolls,
cspecially the more northern ones, these portions are ring-
formed, like miniature atolls. Other ring-formed reefs
rise out of the lagoons, in the place of those irregular ones
which ordinarily occur there. In the reduction of the chart
of Mahlos Mahdoo (Plate II. fig. 4), it was not found easy
to define the islets and the little lagoons within each reef,
so that the ring-formed structure is very imperfectly shown:
in the large published charts of Tilla-dou-Matte, the appear-
ance of these rings, from standing further apart from each
other, is very remarkable. The rings on the margin are
generally elongated ; many of them are three, and some
even five miles, in diameter; those within the lagoon are
usually smaller, few being more than two miles across, and
the greater number rather less than one. The depth of the
little lagoon within these small annular reefs is generally
from five to seven fathoms, but occasionally more ; and in Ari
atoll many of the central ones are twelve, and some even
more than twelve fathoms deep. These rings rise abruptly
from the platform or bank, on which they are placed ; their
outer margin is invariably bordered by living coral,* within
which there is a flat surface of® coral-rock; on this flat, sand
and fragments have in many cases accumulated and been
converted into islets, clothed with vegetation. I can, in fact,
point out no essential difference between these little ring-
formed reefs (which, however, are larger, and contain deeper
lagoons than many true atolls that stand in the open sea),
and the most perfectly characterized atolls, excepting that the
ring-formed refs are based on a shallow foundation, instead
of on the floor of the open sea, and that instead of being
scattered irregularly, they are grouped closel) together on
one large platform, with the mdrginal rings arranged in a
rudely-formed circle.*

The perfect serics which can be traced from portions of
simple linear recf, to others including long linear lagoons,

* Capt. Moresby informs me that Millepora complanata, is onc of the
commonest kinds on the outer margin, as it is at Keeling atoll.

D
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and from these again to oval or almost circular l'il.)gﬂ, renders
it probable that the latter are merely modiﬁcamm‘s of the
linear or normal ~tate. It is conformable with this view, that
the ring-formed reefs on the margin, even where most per-
fect and standing furthest apart, generally have their longest
axes dirccted in the line which the reef would have held, if
the atoll had been bounded by an ordinary wall.  We may
also infer that the central ring-formed reefs are modifications
of those irregular ones, which are found in the lagoons of all
common atolls. It appears from the charts on a large seale,
that the ring-like structure is contingent on the warginal
chanuels or breaches being wide; and, consequently, on the
whole interior of the atoll being freely exposed to the waters
of the open sea. When the channels are narrow or few in
number, although the lagoon be of great size ande depth (as
in Suadiva), there are no ring-formed reets ; where the
channels are somewhat broader, the marginal portions  of
reef, and especially those close to the larger channels, are
ring-tormed, but the central ones are not so; where they
arc broadest, almost every reet throughout the atoll & more
or less perfeetly ring-formed. Although their presence is
thus contingent on the opeiimness of the marginal channels,
the theory of their formation, as we shall hereafter see, is
included in that of the parent atolls, of which they form
the xeparate portions.

The lagoons of all the atoll< in the southern part of the
Archipelago are from ten 1o twenty fathoms deeper than those
in the northern part. This is well exemplified in the case of
Addoo, lh.o southernmost atoll in the group, for although
(mly‘ 9 miles in gy longest diameter, it has a depth of
39 fi{tlmms, whereas all the other sudl atolls have com-
}?:1revtl\:(:ly .shz\llnw Ingoond; I can assign no adequate cause
s o e sl e
by Capt. Morc';hv (:f ,stiﬁ')(():l't . “";‘5‘;‘-‘% " e informed
nearer the bordc.-/r’ it cnnaiqt:y (f'plj” )il] ’I.V . Qf‘]"amouﬂ mad);
through the reef, of huni ‘na(r}ldhl‘:n , 0 in the channels

-banks, sandstone, conglo-
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merate rubble, and a little live coral. Close outside the
reef and the line joining its detached portions (where inter-
sected by many channels), the bottom is sandy, and it
slopes abruptly into unfathomable depths. In most lagoons
the depth is considerably greater in the centre than in the
channcls; but in Tilla-dou-Matte, where the marginal ring-
formed reefs stand far apart, the same depth is carried across
the entire atoll, from the deep-water line on one side to that on
the other. I canvot refrain from once again remarking on
the singularity of these atolls,—a great sandy and generally
concave disk rises abruptly from the unfathomable ocean,
with its central expanse studded and its border symme-
trically fringed with oval basons of coral-rock, just lipping
the surface of the sea, sometimes clothed with vegetation,
and each containing a little lake of clear water!

In the southern Maldiva atolls, of which there arc nine
large ones, all the small reefs within the lagoons come to the
surfuce, and are dry at low water spring-tides; hence in
navigating them, there is no danger from submarine baoks.
This cireumstance is very remarkable, as within some atolls,
for instance those of the neighbouring Chagos group, not a
single reef comes to the surface, dnd in most other cases a few
only do, and the rest lie at all intermediate depths from the
bottom upwards. When treating of the growth of coral
I shall again refer to this subject.

Although in the neighbourhood of the Maldiva Archipe-
lago the winds, during the monsoons, blow during nearly an
equal time from opposite quarters, and although, as I am
informed by Cz';pt. Moresby, the westerly winds are the
strongest, yet the islets are almost all placed on the castern
side of the northern atolls, and on the south-eastern side of
the southern atolls.  That the formation of the islets is due to
detritus thrown up from the outside, as in the ordinary
manner, and not from the interior of the lagoons, may, I
think, be safcly inferred from several considerations, which it
is hardly worth while to detail. As the easterly %inds are

D2
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uot the strongest, their action probably is aided by some pre-
vailing swell or current.
In groups of atolls, exposed to a trade wind, the ship-
channels into the lagoons are almost invariably situated on
the leeward or less exposed side of the reef, and the rect
itself is sometimes cither wanting there, or is submergeds A
strictly analogous, but different, fact, may be observed at the
Maldiva atolls—namely, that where two atolls stand in front
of each other, the breaches in the reef are the most numerous
on their near, and therefore less exposed, sides.  Thus on
the near sides of Ari and the two Nillandoo atolls, which face
S. Mile, Phaleedoo, and Mologue atolls, there are seventy-
three deep-water channels, and only twenty-five on their
outer sides; on the near side of the three latter-named atolls
there are fifty-six openings, and only thirty-seven on their
outsides. It is scarcely possible to attribute this ditference to
any other cause than the somewhat ditferent action of the
sea on the two sides, which would cusue from the protec-
tion afforded by the two rows of atolls to cach other, [ may
here remark that in most cases, the conditions favorrable to
the greater accumulation of fragments on the reef and to its
more perfect continuity, ot one side of the atoll than on
the other, have concurred, but this has not heen the case
with the Maldivas: for we Lave scen that 1he islets are placed
on the castern or south eastern sides
in the reef oceur inditterently on
teeted by an opposite atoll,

, whilst the Lreaches
any side, where pro-
. The reef being more con-
tinuons on the outer and more exposed sides of those

atolls which stand near cacly other, accords with the fact,

that the reef of the southern atolls s more
that of the northern ones; for the
by Capt. Morcsby, are ‘more cons
nothern atolls, to g heavy surf,

The date of the ﬁrstv formation
this Archipelago is know
hand, severa) islets,
believed to he

continuyous than
tormer, as 1 am informed
tantly exposed than the

of some of the islets in
n to the inhabitants; on the other
and even some of those which arc
very old, are now fust wearing away. The
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work of destruction has, in some instances, been com-
pleted in ten years. Capt. Moreshby found on one water-
washed recf the marks of wells and graves, which were
excavated when it supported an islet. In South Nillandoo
atoll, the natives say that three of the islets were formerly
larger: in North Nillandoo there is one now being washed
away; and in this latter atoll Lieut. Prentice found a reef, about
six hundred yards in diameter, which the natives positively
affirmed was lately an island covered with cocoa-nut trees.
It is now only partially dry at low water spring tides, and is,
(in Licut. Prentice’s words) ¢ entirely covered with live coral
and madrepore.” In the northern part, also, of the Maldiva
Archipelago and in the Chagos group, it is known that some
of the islets are disappearing. The natives attribute these
cffects to variations in the currents of the sea. For my own
part I cannot avoid suspecting, that there must be some
further cause, which gives rise to such a cycle of change
in the action of the currents of the great and open ocean.
Several of the atolls in this Archipelago are so related
to each other in form and position, that at the first glance one
is led to suspect that they have originated in the dissever-
ment of a single one.  Male .consists of three perfectly
characterized atolls, of which the shape and relative posi-
tion are such, that a line drawn closely round all three,
gives a symmetrical figure : to sce this clearly, a larger chart
is required than that of the Archipelago in Plate IL.: the
channel scparating the two northern Male atolls is only
little more than a mile wide, and no bottom was found in it
with 100 fathores.  Powell’s Island is situated at the distance
of two miles and a half off the northern end of Mahlos
Mahdoo, (sce fig. 4. Plate IL), at the exact point where
the two sides of the latter, if grolonged, would meet:
no bottom, however, was found in the channel with 200
fathoms: in the wider channel between Horsburgh atoll and
the southern end of Mahlos Mahdoo, no bottom was found
with 250 fathoms. In these and similar cases, the relation
counsists only in the form and position of the atolls. But in
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the channel between the two Nillandoo atolls, although three
miles and a quarter wide, soundings were struck at .thc:.
depth of 200 fathoms: the channel between Ross and Ari
atolls is four miles wide, and only 150 fathoms deep. ll'erc
then we have, besides the relation of form, a submarine
connection. The fact of soundings having been obt.ainc:d
between two separate and perfectly characterized atolls is in
itsclf interesting, as it has never, 1 believe, been cﬂ'.cctod in
any of the many other groups of atolls in the Pacific and
Indian scas. In continuing to trace the connection of ad-
joining atolls, if a hasty glance be taken at the chart (fig. 4.
Plate IL) of Mahlos Mahdoo and the line of unfathomable
water be followed, no one will hesitate to consider it as one atoll.
But a second look will shew that it is divided by a bifurcating
channel, of which the northern arm is about one mile and
three quarters in width, with an average depth of 125 fa-
thoms, and the southern one three quarters of a mile wide,
and rather less deep.  These channels resemble in the slope
of their sides and general form, those which separate atolls
in cvery respect distinet; and the northern arm js wider
than that dividing two of the Male atolls.  The ring-formed
recfs on the sides of this bifurcating channel are clongated,
so that the northern and southern portions of Mahlos
Mahdoo may claim, as far as their external outline js con-
cerned, to be considered as distinet and perfect atolls.  But
the intermediate portion, lying in the fork of the channel, is
bordered by reefs less perfect than those, which surround any
other atoll in the group of equally small dimensions.  Mahlos
Mahdoo, therefore, is in every respect in sa intermediate a
condition, that it may be considered cither as a single atoll
nearly dissevered into three portions, or as three atolls almost
perfect and intimately @onnected. This is an instance of
avery carly stage of the apparent disseverment of an atoll, but
a still carlier one in many respects is cxhibited at Tilla-dou-
matte. [“‘ one part of this atoll, the ring-formed reefs stand so
far apart {rom cach other, that the inhabitants have given dif-
ferent names to the northern and southern halves ; hcarly all
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the rings, moreover, are so perfect and stand so separate, and
the space from which they rise is so level and unlike a true
lagoon, that we can easily imagine the conversion of this one
great atoll, not into two or three portions, but into a whole
group of miniature atolls. A perfect series, such as we
have here traced, impresses the mind with an idea of actual
change' and it will hereafter be seen, that the theory of
subsidence, with the upward growth of the coral, modified
by accidents of probable occurrence, will account for the oc-
casional disseverment of large atolls.

The great Chagos Bank alone remains to be descnbed
In the Chagos group there are some ordinary atolls, some
annular reefs rising to the surface but without any islets on
them, and some atoll-formed banks, either quite submerged,
or nearly so. Of the latter, the Great Chagos Bank is
much the largest, and differs in its structure from the others:
a plan of it is given in Plate II. fig. 1, in which, for the sake
of clearncss, I have had the parts under ten fathoms deep
finely shaded : an east and west vertical section is given in fig.
2,in which the vertical scale has been necessarily exaggerated.
Its longest axis is ninety nautical miles, and another line
drawn at right angles to the firgt, across the broadest part, is
seventy. The central part consists of a level muddy flat,
between forty and fifty fathoms deep, which is surrounded
on all sides, with the exception of some breaches, by the steep
edges of a set of banks, rudely arranged in a circle. These
banks consist of sand, with a very little live coral; they vary
in breadth from five to twelve miles, and on an average lie
about sixtcen fathoms beneath the surface; they are bordered
by the steep edges of a third narrow and upper bank, which
forms the rim to the whole. This rim is about a mile in
width, and with the exception of,two or three spots where
islets have been formed, is submerged between five and ten
fathoms. It consists cof smooth hard rock, covered® with a
thin layer of sand, but with scarcely any live coral; it is
steep on both sides, and outwards slopes abrupr into un-
fathomable depths. At the distance of less than half a mile
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from one part, no bottom was found with 190 fathoms; and
off another point, at a somewhat greater distance, there was
none with 210 fathoms. Small steep-sided banks or knolls,
covered with luxuriantly-growing coral, rise from the interior
expanse to the same level with the external rim, which, as
we have seen, is formed only of dead rock. It is impossible to
look at the plan (Fig. 1. Plate IL), although reduced to so
small a scale, without at once perceiving that the Great
Chagos Bank is, in the words of Capt. Moresby,* « nothing
more than a half-drowned atoll.” But of what great dimen-
sions, and of how extraordinary an internal structure! We shall
hereafter have to consider both the cause of its submerged con-
dition, a state common to other banks in the group, and the
origin of the singular submarine terraces, which bound the
central expanse: these, I think, it can be shown, have re-
sulted from a cause analogous to that, which has produced
the bifurcating channel across Mahlos Mahdeo.

* This officer has had the kindness to lend me an excellent MS.
account of the Chagos Islands; from this paper, from the published
charts, and from verbal information communicated to me by Capt.
Moresby, the above account of the Great Chagos Bank is taken,
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CHAPTER IL

BARRIER-REEFS.

Closely resemble in general form and structure atoll-reefs—Width and
depth of the lagoon-channels— Breaches through the reef in front of val-
leys, and generally on the leeward side—Checks to the filling up of the
lagoon-channels—Stze and constitution of the encircled islands—Number
of islands within the same reef— Barrier-reefs of New Caledonia and
Australia— Position of the reef relative to the slope of the adjoining
land— Probable great thickness of barrier-reefs.

TuE term ‘barrier’ has been generally applied to that vast reef
which fronts the N. E. shore of Australia, and by most voy-
agers likewise to that on the western coast of New Caledonia.
At one time I thought it convenient thus to restrict the
term, but as these reefs are similar in structure, and in posi-
tion relatively to the land, to thgpse, which, like a wall with a
deep moat within, encircle many smaller islands, I have
classed them together. The reef, also, on the west coast of
New Caledonia, circling round the extremities of the island,
is an intermediate form between a small encircling reef and
the Australian barrier, which stretches for a thousand miles
in nearly a straight line.

The geographer Balbi has in effect described those barrier-
reefs, which encircle moderately sized islands, by calling them
atolls with high land rising from within their central expanse.
The general resemblance betweeg the reefs of the barrier
and atoll classes may be scen in the small, but accurately
reduced charts on Plate I.,* and this resemblance *can be

* The authorities from which these charts have been reduced, toge-
ther with some remarks on them, are given in a separattly appended
page, descriptive of the Plates.
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further shown to extend to cvery part of their structure.
Beginning with the outside of the reef; many scn%lc!‘cd
soundings off Gambier, Oualan, and some other encircled
islands, show that close to the breakers there exists a narrow
shelving margin, beyond which the ocean becomes sud-
denly unfathomable: but off the west coast of New Cale-
donia, Capt Kent* found no bottom with 150 fathoms,
at two ships’ length from the recf; so that the slope here
must be nearly as precipitous as off the Maldiva atolls.

I can give little information regarding the kinds of corals
which live on the outer margin.  When I visited the reef at
Tahiti, although it was low water, the surf was too violent
for me to see the living masses; but, according to what I
heard from some intelligent native chiefs, they resemble
in their rounded and branchless forms, those on the margin
of Keeling atoll. The extreme verge of the reef, which was
visible between the breaking waves at low avater, consisted
of a rounded, convex, artificial-like breakwater, entirely
coated with Nulliporie, and absolutely similar to that which
I have described at Keeling atoll.  From what I heard
when at Tahiti, and from the writings of the Revs. V. Ellig
and J. Williams, I conclude that this peculiar structure
is common to most of the encircled islands of the Society
Archipelago.  The reef within this mound or breakwater,
has an extremely irregular surtace, even more so than between
the islets on the reef of Keeling atoll, with which alone (as
there are no islets on the reef of Tahiti) it can properly
be compared. At Tahiti, the reef is very irregular in width;
but round many other encircled islands, for ingtance Vanikoro
or Gambicer islands, (Figs. 1. and &, Plate L) it is quite as
regular, and of the same average width, as in true atolls.
Most barrier-reefs on the, inner side slope irregularly into
the lagoon-channel, (as the space of decp water separating the
reef from the iucluded land may be called,) but at Vanikoro
the reef slopes only for a short distance, and then terminates
abruptly in a submarine wall, forty feet high,—a structure

* Dalrymple, Hydrog. Mem, vol. iii.
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absolutely similar to that described by Chamisso in the
Marshall atolls.

In the Socicty Archipelago, Ellis® states, that the reefs
generally lie at the distance of from one to one and a half
miles, and, occasionally, even at more than three miles, from
the shore. The central mountains are generally bordered
by a fringe of flat, and often marshy, alluvial land, from one
to four miles in width. This fringe consists of coral-sand
and detritus thrown up from the lagoon-chanuel, and of soil
washed down from the hills; it is an encroachment on the
channel, analogous to that low and inner part of the islets in
many atolls, which is formed by the accumulation of matter
from the lagoon. At Hogoleu (fig. 2. Plate L) in the Caroline
Archipelago,t the reef on the south side is no less than 20
miles; on the ecast side, five; and on the north side, 14
miles from the encircled high islands.

The lagoonichannels may be compared in every respect
with true lagoons. In some cases they are open, with a
level bottom of fine sand; in others they are choked up with
recfs of delicately branched corals, which have the same
general character as those within Keeling atoll. These inter-
nal recfs either stand separately, or more commonly skirt the
shores of the included high islands. The depth of the lagoon-
channel round the Society Islands varies from two or three,
to thirty fathoms ; in Cook’s} chart of Ulictea, however, there
is one sounding laid down of 48 fathoms: at Vanikoro there are
several of 54 and one of 564 fathoms (English), a depth which
even exceeds by a little that of the interior of the great Maldiva
atolls. Some barrier-reefs have very few islets on them; whilst
others are surmounted by numerous ones; and those round
part of Bolabola (PL. L. fig. 5.) form a single linear strip. The

¢ Consult, on this and other points, the Polynesian Researches by
the Rev. W. Ellis, an admirable work, full of curious information.

t Sec Hydrographical Mem. and the Atlas of the Voyage of the
Astrolabe, by Capt. Dumont D'Urville, p. 428,

1 See the chart in vol. i. of Hawkesworth’s 4to ed. of Cook’s First

Voyage.
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islets first appear cither on the angles of the reef, or on the
sides of the breaches through it, and arc gencrally most
numerous on the windward side. The reefto leeward retain-
ing its usual width, sometimes lies submerged several futhogns
beneath the surface; I have already mentioned Gambier
Island as an instance of this structure. Submerged reefy,
having a less defined outline, dead, and covered with sufnd,
have been observed (see Appendix) off some parts of Iuaheine
and Tahiti. The reef is more frequently breached to leeward
than to windward; thus I find in Krusenstern's Memoir on
the Pacific, that there are passages through the encireling
reef on the leeward side of cach of the seven Society Islands,
which possess ship-harbours; but that there are openings to
windward through the reef of only three of them.  The
breaches in the reet are seldom as deep as the interior
lagoon-like channel; they generally occur in front of the
main valleys, a circumstance which can be accounted for, as
will be seen in the fourth chapter, without much dithiculty.
The breaches being situated in front of the vallevs, which
descend indifferently on all sides, explains their mgre fre-
quent occurrence through the windward side of hurrier-redfs
than through the windward, side of atolls,—for in atolls
there is no included land to influence the position of the
breaches.

It is remarkable, that the lagoon-channcls round wountain-
ous islands have not in every instance heen long ago filled
up with coral and sediment ; but it is more casily accounted
for than appears at first sight.  In cases like that of Hogoleu
and the Gambier Islands, where a few small peaks rise out of
a great lagoon, the conditions scarcely differ from those of an
atoll; and I have already shown, at some length, that the filling
up of a true lagoon must be #n extremely slow process.  Where
the chm‘m(}l is narrow, the agency, which on unprotected
coasts is most productive of sediment, namely the force of
the breakers, is here entirely excluded, and the reef being
breached in the frout of the main valleys, much of the finer
mud from the rivers must be transported into the open
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sea. Asa current is formed by the water thrown over the edge
of atoll-formed reefs, which carries sediment with it through
the dcepwater breaches, the same thing probably takes
place in barrier-reefs, and this would greatly aid in pre-
venting the lagoon-channel from being filled up. The low
allurial border, however, at the foot of the encircled moun-
tains, shows that the work of filling up is in progress; and
at Maurua (Pl 1. fig. 6.) in the Society group, it has been almost
effected, so that there remains only one harbour for small craft.

If we look at a set of charts of barrier-reefs, and leave out
in imagination the encircled land, we shall find that besides
the many points already noticed of resemblance, or rather of
identity in structure with atolls, there is a close general
agrecement in form, average dimensions, and grouping. En-
circling barrier-reefs, like atolls, are generally elongated,
with an irregularly rounded, though sometimes angular out-
line. There afe atolls of all sizes, from less than two miles in
diameter to sixty miles, (excluding Tilla-dou-Matte, as it
consists of a number of almost independent atoll-formed
reefs)y and there are encircling barrier-reefs from three miles
and a half to forty-six miles in diamcter,—Turtle Island
being an instance of the former, and Hogoleu of the latter.
At Tahiti the encircled island is 36 miles in its longest axis,
whilst at Maurua it is only a little more than two miles.
It will be shown, in the last chapter in this volume, that there
is the strictest resemblance in the' grouping of atolls and
of commou islands, and consequently there must be the same
rescmblance in the grouping of atolls and of encircling barrier-
recfs.

The islands lying within reefs of this class, are of very
various heights. Tahiti* is 7000 feet; Maurua about 800;
Aituaki 360, and Manouai only 60. The geological nature

* The height of Tabhiti is given from Capt. Beechey; Mgurua from
Mr. F. D. Bennett (Geograph. Journ. vol. viii. p. 220); Aitutaki from
measurements made on board the Beagle: and Manouai, or Harvey
Island, from an cstimate by the Rev.J. Williams. The two latter

islands, however, are not in some respects well charactenized examples
of the encircled class.
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of the included land varies; in most cases it is of ancient
volcanic origin, owing apparently to the fact that islands ‘of
this nature are most frequent within all great seas: some,
however, arc of madreporitic limestone, and others of primary
formation, of which latter kind New Caledonia offers the
best example. The central land consists either of one island,
or of several; thus in the Society group, Eimeo stands by
itself; while Taha and Raiatea, (fig. 3. Platc 1) both mo-
derately large islands, of nearly equal size, are included in
one reef. Within the reef of the Gambier group there are
four large and some smaller islands (fig. 8. Plate L.); within
that of Hogoleu (fig. 2. Plate L) necarly a dozen small
islands are scattered over the cxpanse of one vast la-
goon.

After the details now given, it may be asserted, that there
is not one point of essential difference between encircling
barrier-reefs and atolls ;—the latter enclose a’simplc sheet of
water, the former encircle an expanse with one or more
islands rising from it. I was much struck with this fact,
when viewing, from the heights of Tahiti, the distans island
of Eimeo standing within smooth water, and encireled by a
ring of snow-white breakerss Remove the central land,
and an annular reef like that of an atoll in an carly stage
of its formation is left; remove it from Bolabola, and there
remains a circle of linear coral-islets, crowned with tall cocoa-
nut trees, like one of the many atolls scattered over the
Pacific and Indian oceans.

The barrier-reefs of Australia and of New Caledonia,
deserve a separate notice from their great dintnsions,  The
reef on the west coast of New Caledonia (fig. 5. Plate 11y is
400 miles in length ; and for a length of many leagues it seldom
approaches within eight nfiles of the shore; and near the
southern, end of the island, the space bretween the reef and
the land is sixteen miles in width. The Australian barrier
ex‘tends‘, with a few interruptions, for nearly a thousand
miles: 1ts average distance from the land is between twenty
and thirty miles, and in some parts from fifty to seventy,
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The great arm of the sea thus included, is from ten to
twénty-five fathoms deep, with a sandy bottom ; but towards
the southern end, where the reef is further from the shore,
the depth gradually increases to forty, and in some parts
to more than sixty fathoms. Flinders® has described the
surface of this reef as consisting of a hard white agglo-
merate of different kinds of coral, with rough projecting
points. The outer edge is the highest part; it is tra-
versed by narrow gullies, and at rare intervals is breached by
ship-channels. The sea close outside is profoundly deep;
but, in front of the main breaches, soundings can sometimes
be obtained. Some low islets have been formed on the
recf.

There is one important point in the structure of barrier-
reefs which must here be considered. The accompanymg
diagrams represgnt north and south vertical sections, taken
through the highest points of Vanikoro, Gambier, and
Maurua islands, and through their encircling reefs. The
scale both in the horizontal and vertical direction is the
same, ndncly, a quarter of an inch to a nautical mile. The
height and width of these islands is known; and I have
attempted to represent the form of the land from the shading
of the hills in the large published charts. It has long been
remarked, even from the time of Dampier, that a considerable
degree of relation subsists between the -inclination of that
part of the land which is beneath water and that above it:
hence the dotted line in the three sections, probably, does not
widely differ i in inclination from the actual submarine pro-
longation of the land. If we now look at the outer edge of
the reef (A A), and bear in mind that the plummet on the
right hand represents a depth of 1200 feet, we must conclude
that the vertical thickness of these barrier coral reefs is

very great.
Flinders’ Voyage to Terra Australis, vol. ii. p. 88.
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1--Vanikoro, from the Atlas of the vovage of the Istrlube, by D,
D'Urville.

2 —Gambier [Nand, from Beechey.

3—Manrna, from the atlas of the voyage of the Cayguedls, by Daperrey

The horizontal line is the level of the sea, from which on the vkt
hand a plummet deseends, representing a depth of 200 fathoms, or 1200
feet. The vertieal thading shows the seetion of the tand, and the hori-
zontal shading that of the encireling barrier-reef: from the smalines
of the scale, the lagoon-channel could not be represented.

A A—Outer edge of the coral-reefs, where the «en breaks,

B B—The shore of the encireled ilands,

I must observe, that it tiw sections had been tuken in
any other direction across these Islands, or across other
encircled islands,* the result would have been the  same.
In the succeeding chapter it will be shown that reef-hinlding
polypifers cannot tlourish at great depths,—for instance, it is
highly improbable that they could exist at a quarter of the
depth represented by the plummet on the rit‘;hl hand of the
woodeut.  Here then is a great apparent difficulty---how
were the basal parts of these barricr-reefs formed. It will,
perhaps, occur to some, (.hat. the actual reefs formed of coral

¢ In the fifth chapter an Fast and West segtion across the Iland of
Bolnhui.u and its barrier-reefs is given, for the ake of llustrating
ther point.  The unbroken line in it (woodeut No. 9) is the section
referred to. The scale is 57 of an inch to a mile; it is taken from

Atlas of the Yoyage of the Coqale by Duperrey,  The depth of the
lagoon-channel is exaggerated.

“no-
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are not of great thickness, but that before their first growth,
the coasts of these encircled islands were deeply eaten
into, and a broad but shallow submarine ledge thus left, on
the edge of which the coral grew ; but if this had been the
case, the shore would have been invariably bounded by lofty
cliffs,sand not have sloped down to the lagoon-channel, as it
does in many instances. On this view,* m®reover, the cause
of the reef springing up at such a great distance from the
land, leaving a decp and broad moat within, remains alto-
gether unexplained. A supposition of the same nature, and
appearing at first more probable, is, that the reefs sprung up
from banks of sediment, which had accumulated round the
shore previously to the growth of the coral; but the exten-
sion of a bank to the same distance round an unbroken coast,
and in front of those deep arms of the sea, (as in Raiatea,
sce Plate IL fig, 3.) which penetrate nearly to the heart of
some encircled islands, is exceedingly improbable. And
why, again, should the reef spring up, in some cases steep on
both sides like a wall, at a distance of two, thrce, or more
miles from the shore, leaving a channel often between
200 and 300 feet deep, and rising, from a depth which
we have reason to believe is destructive to the growth of
coral? An admission of this nature cannot possibly be
made.  The existence, also, of the deep channel, utterly
precludes the idea of the reef having grown outwards, on a
foundation slowly formed on its outside, by the accumulation
of sediment and coral detritus. Nor, again, can it be as-
serted, that the reef-building corals will not grow, excepting
at a great distante from the land; for, as we shall soon see,
there is a whole class of reefs, which take their name from
growing closely attached (especially whcre the sea is deep) to
the beach. At New Caledonia, (see Plate II. fi ig. 5.) the
reefs which run in front of the west coast, are prolonged in
the same line 150 miles beyond the northern extremity of

* The Rev. D. Tycrman and Mr. Bennett (Journ. of Vqyage and
Travels, vol. i. p. 215) have bricfly suggested this explanation of the
origin of the encircling reefs of the Society Islands.

E
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the island, and this shows that some explanation, quite
different from any of those just suggested, is requited.
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 cach flank, how can we possibly account for the
recfs, 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 sce,
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 Socicty group
are considered, together with the fact that all aresthus en-
circled, such a notion will be rejected by almost every one,
New Caledonia, morcover; besides its sizey s composed of
primitive formations, as arc some of the Comoro Islands ;*
and Aitutaki consists of calcareous rock. We must, there-
fore, rcject these several explanations, and conclude that the
vertical thickness of barricr-reefy, from their outer cdges to
the foundation on which they rest (from A4 in the seetion
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, us will be evident when
the theory of the upward growth of coral recfy, during the
slow subsidence of thcir'foundations, is discussed,

. ave . L. !
mldw.' 1‘Jcen informed that this is the case by Dr. Allan of Forres,
who has visited thig group.
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CHAPTER IIL
FRINGING OR SHORE REEFS.

Reefs of Mauritius—Shallow channel within the reef—Its slow filling
up—Currents of water formed within it—Upnraised reefs— Narrow
Sringing-reefs in deep seas—Reefs on the coast of E. Africa and of
Brazd—Fringing reefs in very shallow seas, round banks of sediment
and_on worn-dwwen tslunds—Fringing reefs affected by currents of the
sea—Coral coating bottom of the sea, but not forming recfs.

FuneinG reefs, or, as they have been called by some voy-
agers, shore reefs, whether skirting an island or part of a
continent, might at first be thought to differ little, except
in generally being of less breadth, from barrier-reefs.  As
far as the superficies of the actual reef is concerned this is
the case; but the absence of an iirterior decp-water channel,
and the close relation in their horizontal extension with the
probable slope beneath the sca of the adjoining land, present
essential points of difference.

The reefs which fringe the island of Mauritius offer a
good example of this class. They extend round its whole
circumference, with the exception of two or three parts,*
where the coast & almost precipitous, and where, if as is
probable the bottom of the sea has a similar inclination,
the coral would have no foundation on which to become
attached. A similar fact may sometintes be observed even in
reefs of the barrier class, which follow much less closely. the

* This fact is stated on the authority of the Officier du Roi, in his
extremely interesting “Voyage & I'isle de France,” undertaken in 1768,
According to Capt. Carmichuel (Hooker's Bot. Misc. vol. ii. p*316.) on
one part of the coast there is a space for 16 miles without a reef.

E 2
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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 Muuritius, which
was the only part I visited, the recf 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 recf, formed by the prolongation of the strata of
the island, lics 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 reet a somewhat
greater vertical thickness, than would otherwise be possible.
The outer edge of the reet on the western or leeward side
of the island, is tolerably well defined, and is a little higher
than any other part. It chicfly consists of large strongly
branched corals, of the genus Madrepora, which also form a
sloping bed some way out to xea: 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 tofts of living coral; in
some parts it is so shallow, that people, by avoiding the
deceper holes and gullies, can wade across it at low water; in
other parts it is deeper, scldom however exceeding ten or
twelve feet, so that it offers a safc coasting ‘hannel for boats.
On the castern 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 surfacd; very slightly inclined inwards, just
e o s i siacture to the raemof e bariee e
¢ reefs of the barrier and
atoll classes.
o L
age: at Grand Port, however,
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there is a channel like that within a barrier-reef: it extends
parallel to the shore for four miles, and has an average
depth of 10 or 12 fathoms; its presence may probably be
accounted for by two rivers which enter at each end of the
channel, and hend towards each other. The fact of reefs of
the fringing class being always breached in front of streams,
even of those which are dry during the greater part of the year,
will be explained, when the conditions unfavourable to the
growth of coral are considered. Low coral-islets, like those
on barricr-reefs and atolls, are seldom formed on reefs of this
class, owing apparently in some cases to their narrowness,
and in others to the gentle slope of the reef outside not
yielding many fragments to the breakers. On the windward
side, however, of the Mauritius, two or three small islets have
been formed.

It appears, as will be shewn in the ensuing chapter, that the
action of the surf is favourable to the vigorous growth of the
stronger corals, and that sand or sediment, if agitated by the
waves, is injurious to them. Hence it is probable that a reef
on a she)ving shore, like that of Mauritius, would at first
grow up, not attached to the actual beach, but at some little
distance from it; and the corals vn the outer margin would
be the most vigorous. A shallow channel would thus be formed
within the recf, and as the breakers are prevented acting on
the shores of the island, and as they do not ordinarily tear up
many fragments from the outside, and as every streamlet has
its bed prolonged in a straight line through the reef, this
channel could be filled up only very slowly with sediment.
But a beach of sand and of fragments of the smaller kinds of
coral scems, in the case of Mauritius, to be slowly encroach-
ing on the shallow channcl.  On many shelving and sandy
coasts, the breakers tend to form a bar of sand a little way
from the beach, with a slight increase of depth within it;: for
instance, Capt. Grey® states that the west coast of Australia,
in lat. 24° is fronted by a sand bar, about 200 yards in
width, on which there is only two fect of water; but within

* Capt. Grey's Journal of Two Expeditions, vol. i. p. 369.
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it the depth increases to two fathoms. Similar bars, more or
less perfect, occur on other coasts. In these cases 1 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 necarly parallcl to the coast; within
this bar currents, apparently caused by the water thrown
over it during the greater part of cach 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; aud the current thus produced, would tend to
prevent the channel being filled up with sediment, and
might even decpen it under certain circumstances.  To this
latter belief T am led, by finding that channels are almost
universally present within the fringing reefs of those islands,
which have undergone recent elevatory movements ;5 and
this could hardly have been the case. it the conversion of
the very shallow channel indo Tand had not been counteracted
to a certain cxtent.

A fringing reef, if clevated in a perfeet condition above
the level of the sea, ought to present the singular appearance
of a broad dry moat within a low mound. The authort of
an interesting pedestrian tour round the Mauritius, scems to
have met with a structure of this kind: he siys “j’ observai
gxle 13, ot la mer étale, ind¢pendamment des rescifs du large,
il y a & terre une espéce d’cffoucement, ou chemin couvert na-
turcl. On y pourrait mettre du canon,” &e. In another place
he adds, “ Avant de passer le Cap, on remarque un gros
banf:‘ de corail‘ clévé de plus de quinze pieds: c'est une
espece de rescif, que la mer a abandonndé : ] regne au pied
PI:il.I N}l:ge()(}js :gl}lc,(l this singular structure in the Lond. and Edin.

1 Voyaged I'lsle de France, par un Officier du Roi, Part. i, pp- 192. 200.
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une longue flaque d’eau, dont on pourrait faire un bassin
pour de petits vaisseaux,” But the margin of the reef,
although the highest and most perfect part, from being most
exposed to the surf, would generally during a slow rise of the
land be cither partially or entirely worn down to that level,
at which corals could renew their growth on its upper edge.
On some parts of the coast-land of Mauritius there are little
hillocks of coral-rock, which are either the last remnants of a
continuous reef, or of low islets formed on it. I observed
two such hillocks between Tamarin Bay and the Great Black
River, they were nearly 20 feet high, about 200 yards from
the present beach, and about 30 feet above its level. They
rose abruptly from a smooth surfuace, strewed with worn frag-
wents of coral.  They consisted in their lower part of hard
calcareous sandstone, and in their upper of great blocks of
several species of Astreea and Madrepora, loosely aggre-
gated : they were divided into irregular beds, dipping sea-
ward, in one hillock at an angle of 8° and in the other at
18°. I suspeet that the superficial parts of the reefs, which
have been upraised together with the islands they fringe,
have generally been much more modified by the wearing
action of the sea, than those of Mauritius.

Many islands* are fringed by reefs quite similar to those of
Mauritius: but on coasts where the sea deepens very sud-
denly the reefs are much narrower, and their limited extension
secms evidently to depend on the high inclination of the
submarine slope ;—a relation which, as we have seen, does
not exist in reefs of the barrier class. The fringing-reefs on
steep coasts arg frequently not more than from 50 to 100
yards in width: they have a nearly smooth, hard, surface,

* I may give Cuba, as another instance ; Mr. Taylor (Loudon’s Mag.
of Nat. Hist. vol. ix. p. 449.) has describeda reef several miles in length
between Gibara and Vjaro, which extends parallel to the shore at the
distance of between half and the third part of a mile, and entloses a
space of shallow water, with a sandy bottom and tufts of coral. Out-
sidle the edge of the reef, which is formed of great branching corals, the
depth is six and seven fathoms. This coast has been upheaved at no
very distant geological period.
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scarcely uncovered at low-water, and without any interior
shoal chaunel, like that within those fringing reefs, which lie
at a greater distance from the land.  The fragments torn up
duriug gales from the outer margin, are thrown over the reet
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 sca round these islands is very
deep.

Fringingwcefs, like barrier-reefs, both surround islands,
and front the shores of continents.  In the charts of the castem
coast of Africa, by Capt. Owen, many extensive fringing
reefs are laid down ;—thus, for a space of ncarly forty miles,
from lat. 1° 15" to 1° 45" 8., 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 difticalty.  The external
margin of this reef is described, as formed of projecting points,
within which there is a spage, 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,t “by a long reef
extending castward four or five miles, within which there i3
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 jof from half a
mile to one mile and a quarter from the shore; within it,
there is a channel navigable “for canoes and small eraft,”
between six and  fifteen,, feet deep: outside the reef the
depth is about 30 fathoms at the distance of nearly half

* Mautiis deseribed by Lord Byron in the voyage of 1.M.S. Blonde,
and Elizabeth Toland by Capt, Beechey.

t ‘()won's‘ Africa, vol. i p. 357, from which work the foregoing facts
are likewise taken.
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a mile. Part of this reef is very symmetrical, and has a
uniform breadth of 200 yards.

The coast of Brazil is in many parts fringed by reefs,
Of these, some are not of coral formation; for instance
those near Bahia, and in front of Pernambuco; but a few
miles south of this latter city, the reef follows* so closely
every turn of the shore, that I can hardly doubt it is of
coral: it runs at the distance of three quarters of a mile
from the land, and within it the depth is from ten to fifteen
feet. I was assured by an intelligent pilot, that at Ports
Frances and Maceio, the outer part of the reef consists
of living coral, and the inuner of a white stone, full of large
irregular cavities, communicating with the sea. The bottom
of the sea off the coast of Brazil shoals gradually to between
30 and 40 fathoms, at the distance of between nine and ten
leagues from the land.

From the description now given, we must conclude, that
the dimensions and structure of fringing reefs depend entire-
ly on the greater or less inclination of the submarine slope,
conjoingd with the fact, that reef-building polypifers can
exist only at limited depths. It follows from this, that where
the sea is very shallow, as in the Persian Gulf and in parts
of the East Indian Archipelago, the reefs lose their fringing
character, and appear as separate and irregularly scattered
patches, often of considerable arca. From the more vigorous
growth of the coral on thc outside, and from the con-
ditions being less favourable in several respects within,
such reefs are generally higher and more perfect in their
marginal than ¢n their central parts: hence these reefs some-
times assume, (and this circumstance ought not to be over-
looked,) the appearance of atolls; but they differ from atolls
in their central expanse being mugh less deep, in their form
being less defined, and in being based on a shallow founda-
tion. But when in a deep sca reefs fringe banks of seliment,
which have accumulated beneath the surface, round either

* Sce Baron Roussin's Pilote du Brésil, and accompanying hydro-
graphical memoir.
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islands or submerged rocks, they are distinguished with diffi-
culty on the one hand from encircling barricr-recfs, and .on
the other from atolls. In the West Indies there are reefs,
which. 1 should probably have arranged under both these
classes, had not the existence of large and level banks, lying
a little bencath the surfacc, rcady 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 accumula-
tion of sediment now in progress, been sufticiently evident.
Fringing recfs sometimes coat, and thus protect the founda-
tions of islands, which have been worn down by the
surf to the level of the sca.  According to Ehrenberg, this
has been extensively the case with the islands in the Red
Sea, which formerly ranged paralld 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 trme barrier-
reefs. The reefs of this sea and of the West Indies will be
described in the Appendix. In some cascs, 1}‘inxgix.)g reets
appear to be considerably modified in outline by the course
of the prevailing currents; Dr. J. Allan informs me that
on the cast coast of Madagascar almost cvery 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 attachmgnt of the coral.
Round many intertropical islands, for instance the Abrolhos
on the coast of Brazil surveyed by Capt. FitzRoy, and, as 1
am informed by Mr. Cumjng, round the Philippines, the
tom of the sea is entirely coated by irrqgular masses of coral,
which dlthough often of large size, do not reach the surface and
form proper reefs. This must be owing cither to insufficient
growth, or to the absence of those kinds of ¢
withstand the breaking of the waves.

bot-

orals which can
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The - three classes, atoll-formed, barrier, and fringing
reefs, together with the modifications just described of the
latter, include all the most remarkable coral-formations
anywhere existing. At the commencement of the last
chapter in the volume, where 1 detail the principles on

which the map (Plate IIL) is coloured, the exceptional cases
will be enumerated.
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CHAPTER 1V.

ON THE GROWTH OF CORAL REEFS.

In this chapter I will give all the facts, which T have collected,
relating to the distribution of coral-rects,—to the conditions
favourable to their increase,—to the rate of their growth,—and
to the depth at which they are formed.

These subjects have an important bearing on the theory of
the origin of the different classes of coral-reets.

Secrion L.

On the Distribution of Coral-Reefs, and on the Conditinns favourable to
their Increase.

Witit regard to the limits of «latitude, over which coral reefs
extend, I have nothing new to add.  The Bermuda Islands,
in 32° 15" N. is the point furthest removed from the equator,
in which they appear to exist; and it has been sug-
gested, that their extension so far northward in  this
instance is owing to the warmth of the Gulf stream. In
the Pacific, the Loo Choo islands, in lat. 27° N. have reofs
on their shores, and there is an atoll in 282 30/, cituated N. W.
of the Sandwich Archipelago.  In the Red Sea there are coral-
reefs in lat. 30°  In the southern hemisphere coral-rects
do not extend so far from dhe equatorial sca,  In the South-
ern Pacific there are only a few reefs boyond the line of the
tropic, But Houtmans Abrolhos on the western shores of
Australia in lat. 29° S, are of coral-formation.

The proxjmity of volcanic land, owing to the lime gencrally
evolved from it, has been thought to be favourable to the
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increase of coral-reefs, There is, however, not much
foundation for this view; for no where are coral-reefs
more extensive than on the shores of New Caledonia, and of
north-castern Australia, which consist of primary forma-
tions; and in the largest groups of atolls, namely the Mal-
diva, Chagos, Marshall, Gilbert, and Low Archipelagoes, there
is no volcanic or other kind of rock, excepting that formed of
coral.

"The entire absence of coral reefs in certain large areas
within the tropical scas, is a remarkable fact. ~Thus no
coral-recfs were observed, duripg the surveying voyages of
the Beagle and her Tender on the west coast of South
America south ot the equator, or round the Galapagos Islands,
It appears, also, that there arc none* north of the Equator;
Mr. Lloyd, who surveyed the isthmus of Panama, remarked to
me, that although he had seen corals living in the Bay of
Panama, yet he had never observed any reefs formed by them.
I at first attributed this absence of reefs on the coasts of Pern
and of the Galapagos Islandst, to the coldness of the currents
from the south, but the Gulf of Panama is one of the hottest
pelagic districts in the world.} In the central parts of the
Pacific there are islands, entirely free from recfs; in some
few of these cases I have thought, that this was owing to re-
cent volcanic action; but the existence of recefs round the

* I have been informed that this is the case, by Lieut. Ryder, R.N.
and others who have had ample opportunities for observation.

+ The mean temperature of the surface sea from observations made
by the direction of Capt. FitzRoy on the shores of the Galapagos
Islands, betweengthe 16th of September and the 20th of October, 1835,
was 68° Fahr. The lowest temperature observed was 58° 5 at the S.W.
end of Albemarle Island; and on the west coast of this island, it was
several times 62° and 63°.  The mean temperature of the sea in the
Low Archipelago of atolls, and near ®ahiti, from similar observa-
tions made on board the Beagle, was. (although further from the
cquator) 77° +3, the lowest any day being 76°-5. Therefore®we have
here a difference of 9° -5 in mean temperature, and 18° in extremes; a
difference doubtless quite sufficient to affect the distribution of organic
beings in the two arcas.

} Humboldt’s Personal Narrative, vol. vii. p. 434.
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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-hanks,
which line great part of it.  But the islands of St. Helena,
Ascension, the Cape Verdes, St. Panl’s, and Fernando No-
ronha, are. also, entirely without reefs, although they lic far
out at sca, 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 saggested, that the guantity of
carbonate of lime in different parts of the sca, may regalate
the presence of reefs.  But this cannot be the ease, for at
Ascension, the waves charged to excess precipitate a thick
layer of calcareous matter on the tidal rocks; aund at St
Jago, in the Cape Verdes, carbonate of lime, not only is
abundant on the shores, but it forms the chicf part of some
upraised  post-tertiary strata.  The apparently capricious
distribution, therefore, of coral-reets, cannot be explained by
any of these obvious causes: but, as the study of the terres-

* [t might be concluded, from a paper by Capt Owen (( ieograph. Jour.
vol. ii. p.®9.) 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 [ have been assured by Licat. Holland, R.N. that these
reefs are not of coral, or at least that they do not at all resemble those
in the West Indics.
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trial and better known half of the world, must convince every
one that no station capable of supporting life is lost,—nay
more, that there is a struggle for each station, between the
different orders of nature,—we may conclude that in those
parts of the intertropical sea, in which there are no coral-
rects, there are other organic bodies, supplying the place of
the reef-building polypifers. It has been shown in the
chapter on Keeling atoll that there are some species of large
fish, and the whole tribe of Holothuriee which prey on the
tenderer parts of the corals.  On the other hand, the polypi-
fers in their turn must prey on some other organic beings;
the decrease of which from any cause, would cause a pro-
portionate destruction of the living coral.  The relations,
therefore, which determine the formation of reefs on any
shore, by the vigorous growth of the efficient kinds of coral,
must be very complex, and with our imperfect knowledge
quite inexplicable. From these considerations, we may infer
that changes in the condition of the sea, not obvious to our
senses, might destroy all the coral-reefs in one area, and cause
them to appear in another: thus, the Pacific or Indian ocean
might become as barren of coral-reefs as the Atlantic now is,
without our being able to assign®any adequate cause for such
a change.

It has been a question with some naturalists, which part of
a reef is most favourable to the growth of coral. The great
mounds of living Porites and of Millepora round Keeling atoll
occur exclusively on the extreme verge of the reef, which is
washed by a constant succession of breakers; and living coral
no where clse forms solid masses. At the Marshall islands
the larger kinds of coral (chiefly species of Astraea, a genus
closcly allied to Porites) “which form rocks measuring
several fathoms in thickness,” prefet, according to Chamisso*,
the most violent surf. * I have stated that the outer mgrgin of
the Maldiva atolls consists of living corals (some of which, if
not all, arc of the same species with those at Keeling atoll),
and here the surf is so tremendous, that even largoships have

* Kotzebue's First Voyage, (Eng. Transl.), vol. iii. pp. 142, 143.331.
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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 tendency
might be adduced.t It has, however, been doubted by MM.
Quoy and Gaimard, whether any kind of coral can cven
withstand, much less flourish in, the breakers of an open
sea}: 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 pm’ish. of any one
of the many low coral-islands, round which a line of ‘grcut
breakers is incessantly foaming, the whole, it is scarcely pos-
sible to doubt, would be washed away and destroyed, in less
than half a centary. But the vital energics of the corals
conquer the mechanical power of the waves; and the large
fragments of reef torn up by every storm, are replaced l;y
the slow but steady growth of the innumerable palypifers,
which form the living zone on its outer cdge.

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 statc to windward; and the analogous
,.m.h:i\h;e[g::’g;,.i;g?r die Niitur und Bildung der Corallen Biinke im

In W jos ; . ) .
e e L Gt 1y . it Al
:;c:';;et(})f:z :}:::.oral flourishes most, where frecly exposed to the swell

t Annales des Sciences Naturelles, tony, vi, PP- 276, 278. —“ L2 ot lcs

ondcs sont agitées, les 1 ytophytés ne i
ndes so , , Ytés ne peuvent trg '
détruiraient leurs fragiles Cdifices,” &e. voiller parce qu'eles
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case of the greater number of breaches on the near sides of
these atolls in the Maldiva Archipelago, which afford some
protection to each other, are obviously explained by this cir-
cumstance. If the question had been, under what conditions
the greater number of species of coral, not regarding their
bulk, and strength, were developed, I should answer,—pro-
bably in the situations described by MM. Quoy and Gaimard,
where the water is tranquil and the heat intense. The total
number of species of coral in the circamtropical scas must be
very great: in the Red Sea alone, 120 kinds, according to
Ehrenberg,* have been observed.

The same author has observed that the recoil of the sea
from a steep shore is injurious to the growth of coral,
although waves breaking over a bank are not so. Ehrenberg
also states, that where there is much sediment, placed so as
to be liable to be moved by the waves, there is little or no
coral; and a collection of living specimens placed by him on
a sandy shore died in the course of a few days.t An
experiment, however, will presently be related, in which
some large masses of living coral increased rapidly in size,
after having been sccured by stakes on a sand-bank. That
loose sediment should be injurious to the living polypifers,
appears, at first sight, probable ; and accordingly, in sounding
oft Keeling atoll, and (as will hereafter be shown) off Mau-
ritius, the arming of the lead invariably came up clean, where
the coral was growing vigorously. This same circumstance has
probably given rise to a strange belief, which, according to
Capt. Owen,} is general amongst the inhabitants of the Mal-
diva atolls, namely, that corals have roots, and therefore that
if merely broken down to the surface, they grow up again;
but, if rooted out, they are permanently destroyed. By
this means, the inhabitants kecp their haibours clear; and
thus the French Governor of St. Mary’s, in Mad&sascar,

® Ehrenberg iiber die Niitur, &c. &c. p. 46.
t Ibid. p. 49.
1 Capt. Owen on the Geography of the Maldiva Islands Geograph.
Journal, vol. ii. p. 88.
F
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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 holloas
formed by tearing out the corals, but not on the broken
and projecting stumps, and thercfore, in the former case, the
fresh growth of the coral might be thus prevented.

In the last chapter 1 rcmarked, that fringing reefy are
almost universally breached, where streams cnter the sca.®
Most authors have attributed this fact to the injurious effeets
of the fresh water, cven where it cnters the sca only in
small quantity, and during a part of the year. No doubt
brackish water would prevent or retard the growth of coral;
but T believe that the mud and sand, which is deposited, even
by rivulets when flooded, is a much more efficient check.
The reef, on cach 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 i such icaches:
Cook,t speaking of one at Raiaten, 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 nearcse the impure stream would grow
less vigorously than those farther off, o 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 fower in
number, and front only the larger valleys én reets of the
encircling barrier class. They probably are kept open in the

* Lient. Wellstead and others have remarked that thix is the case in
f]"_‘ Red Sea: Dr. Riippcl.l (Hdse.in.Abyss. Band. i.p. 142) says that there
:LT;J'::::‘::,I::.I;Cd l;‘rx::»:mutr:m t‘h(' Ul)lt?llse(l cotal-¢oast, into which periodical

ams enter, 18 circumstance, [ presume, we must infer that

before the np]‘l('zu':ll of the strata now forming the coust-land, fresh
wiler and sediment entered the sea at these points; and the coral

being thus [fr.cwmtcd growing, the pear-shaped harbours were produced.
t Cook’s First Voyage, vol. ii. p. 271, ~(Hawkesworth's Edit.)
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same manner, as those into the lagoon of an atoll, namely, by
the force of the currents and the drifting outwards of fine
scdiment.  Their position in front of valleys, although
often separated from the land by deep-water lagoon-channels,
which it might be thought would entirely remove the inju-
rious effects both of the fresh water and the sediment, will
receive a simple explanation when we discuss the origin of
barrier-reefs.

In the vegetable kingdom every different station has its
peculiar group of plants, and similar relations appear to pre-
vail with corals. We have already described the great dif-
ference between the corals within the lagoon of an atoll and
those on its outer margin. The corals, also, on the margin
of Keeling Island occurred in zones: thus the Porites and
Millepora complanata grow to a large size, only where thcy are
washed by a heavy sea, and are killed by a short exposure to
the air; wheread, three species of Nullipora also live amidst
the breakers, but are able to survive uncovered for a part of
cach tide: at greater depths, a strong Madrepora and AMille-
pora aleicornis are the commonest kinds; the former appeanng
to be confined to this part: beneath the zone of massive
corals, minute encrusting corallires and other organic bodies
live. If we compare the external margin of the reef at Kecl-
ing atoll with that on the leeward side of Mauritius, which
are very differently circumstanced, we shall find a correspond-
ing difference in the appearance of the corals. At the latter
place, the genus Madrepora is preponderant over every other
kind; and beneath the zone of massive corals, there are large
Leds of Scriatoppra. There is also a marked difference, ac-
cording to Captain Moresby,* between the great branching
corals of the Red Sea, and those on the reefs of the Maldiva
atolls.

These facts, which in themsclves are deserving of notice,
bear, perhaps, not very remotely on a remarkable citcum-
stance which has been pointed out to me by Capt. Moresby,

* Capt. Moresby on the Northern Maldiva Atolls, Geogfaph. Journ.
vol. v, p. 401,

r 2

-~



68 SUBMERGED LAGOON-REEFS (e v,

namely, that, with very fcw 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 Mgldiva
-atolls, reach the surface. I make these statements, after
having examined the charts of cach atoll. In the lagoon
of Peros Banhos, which is nearly twenty miles across, there
is only one single reef which rises to the surfuce: 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, cvery one
without exception, rises to the surface; and on an average
there are less than two submerged reefs in dach atoll: in the
northern atolls, however, the submerged lagoon-rects 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 he:llthy
coral, two and three fect 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 eonditions, as the
cause of this diversity, we are at once bafled : the lagoon of
Diego Garf:ia is not deep, and is ahinost wholly surrounded
by its reef; Peros Bamhos 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 ncarly all

* Some of these statements were not communicate
by Capt. Moresby, but are taken from the MS,
luded to, of the Chagos Group.,

d to me verbally
account, before al-
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the lagoon-rcefs have reached the surface, some are small,
others large, some shallow, others deep, some well enclosed,
and others open.

Capt. Moresby informs me that he has seen a French chart
of Diego Garcia made cighty years before his survey, and
apparently very accurate; and from it he infers, that dunng
this ‘interval there has not been the smallest change in
the depth on any of the knolls within the lagoon. It is,
also, known that during the last fifty-one years, the eastern
channel into the lagoon, has neither become narrower, nor
decreased in depth; and as there are numerous small knolls
of living coral within it, some change might have been
anticipated. Morcover, as the whole reef round the lagoon
of this atoll has been converted into land—an unparalleled
case, I believe, in an atoll of such large size,—and as the
strip of land is for considerable spaces more than half a mile
wide—also a very unusual circumstance,—we have the best
possible evidence, that Diego Garcia has remained at its
present level for a very long period. With this fact, and
with the knowledge, that no sensible change has taken place
during ‘cighty vears in the coral knolls, and consndermg that
every smg)lc recf has reached .the surface in other atolls,
which do not present the smallest appearance of being older
than Dicgo Garcia and Peros Banhos, and which are placed
under the same external conditions with them, one is led to
conclude that these submerged reefs, although covered with
laxuriant coral, have no tendency to grow upwards, and
that they would remain at their present levels for an almost
indefinite periqd.

From the number of these knolls, from their position, size,
and form,—many of them being only one or two hundred
yards across, with a rounded outling, and precipitous sides,—
it is indisputable that they have been formed by the growth
of coral; and this makes the case much more remarkable. In
Peros Banhos and in the Great Chagos bank, some of these
almost columnar masses are 200 feet high, and their summits
Jie only from two to cight fathoms beneath the surface ; there-
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fore, a small proportional amount more of growth would causc
them to attain the surface, like those numnerous knolls, which
rise from an cqually 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 Garcia, 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 cight 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*f Peros Banhos
atoll is in the same condition. These facts, as will hereatter
be shown, render it very probable that the whole group at
some former period subsided seven or cight fathogs; and
that the coral perished oun 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 snddenness of the
movement or from 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 occupzuhs,
f}‘ley. would cxc,jrt little or no tendency to grow upwards.
To illustrate this, I may observe, that if tke corals of the
upper zonc on the outer cdge 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-
:litioqs f?r which they do not appear to be adapted.
I‘.hc. conjecture, that the corals on the submerged knolls
within the Chagos atolls have analogous habits with those
of the lower zone outside Kecling atoll, reccives some sup-
port from a remark by Captain Moreshy, namely, that they
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have a different appearance from those on the reefs in the
Maldiva atolls, which, as we have seen, all rise to the surface :
he compares the kind of difference to that of the vegetation
under different climates. I have entered at considerable
length into this case, although unable to throw much light on
it, in order to show that an equal tendency to upward growth
ought not to be attributed to all coral-reefs,—to those situated
at different depths,—to those forming the ring of an atoll or
those on the knolls within a lagoon,—to those in one area
and those in another. The inference, therefore, that one reef
could not grow up to the surface within a given time, because
another, not known to be covered with the same species of
corals, and not known to be placed under conditions exactly
the same, has not within the same time reached the surface,
is unsound.

SECTION SECOND.

On the Rate of Growth of Coral-reefs.

Tue rgmark made at the close of the last section, naturally
leads to this division of our subject, which has not, I think,
hitherto been considered under a right point of view. Eh-
renberg* has stated, that in the Red Sea, the corals only coat
other rocks in a layer from one to two feet in thickness, or
at most to a fathom and a half; and he disbelicves that, in
any case, they form, by their own proper growth, great masses,
stratum over stratum. A nearly similar observation has been
made by MM. Quoy and Gaimard,t with respect to the thick-
ness of some wpraised beds of coral, which they examined at
Timor and some other places. Ehrenbergt saw certain large
massive corals in the Red Sea, which he imagines to be of
such vast “antiquity, that they might have been beheld by
Pharaoh ; and according to Mr. Lyell§ there are certain corals

* Ehrenberg, as before cited, pp. 39, 46, and 50.

t Annales des Sciences, Nat. tom. vi. p. 28.

| Ehrenberg, ut sup. p. 42

§ Lyell's Principles of Geology, Book iii. ch. xriii.
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at Bermuda, which are known by tradition, to have been
living for centurics. To show how slowly coral-reefs grow
upwards, Captain Beechey* has adduced the case of the
Dolphin Reef off Tahiti, which has rcmained at the same
depth beneath the surface, namely, about two fathoms nnd.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 overwhelined by this difficulty, have admitted that it
would require thousands, and tens of thousands of years, to
form a mass even of inconsiderable thicknesg: but the sub-
jeet 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 ccrtuint.y from
the following facts.  In the deep lagoons of Peros Banhos
and of the Great Chagos bank, there are, as already deseribed,
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 gf 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

Becchey's Yoyage to the Pacifie, ch. viii.
t Ehrenberg, ut sup. p. 43.
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one set of species being replaced by another set ‘with different
habits, as the reefrose nearer the surface, or as other changes
supervened. The spaces between the corals would become
filled up with fragments and sand, and such matter would
probably soon be consolidated, for we learn from Lieut.
Nelson,* that at Bermuda a process of this kind takes place
beneath water, without the aid of evaporation. In reefs, also,
of the barrier class, we may feel sure, as I have shown, that
masses of great thickness have been formed by the growth
of coral: in the case of Vanikoro, judging only from the
depth of the moat between the land and the reef, the
wall of coral-rock must be at least 300 feet in vertical
thickness.

It is unfortunate that the upraised coral islands in the
Pacific have not been examined by a geologist. The cliffs
of Elizabeth Island, in the Low Archipelago, are eighty feet
high, and appear from Captain Beechey’s description, to con-
sist of a homogeneous coral rock. From the isolated position
of this island we may safely infer that it is an upraised atoll,
and thercfore that it has been formed by masses of coral,
grown together: Savage Island seems, from the description
of the younger Forster,t to have a similar structure, and
its shores arc about forty fect high: some of the Cook Is-
lands also appear} to be similarly composed. Capt. Belcher,
R.N. in a letter, which Capt. Beaufort showed me at the
Admiralty, speaking of Bow atoll, says, “I have succeeded
in boring forty-five feet through coral-sand, when the auger
became jammed by the falling in of the surrounding creamy
matter.”  On ,one of the Maldiva atolls, Capt. Moresby
bored to a depth of twenty-six feet, when his auger also
broke: hehas had the kindness to give me the matter brought
up; it is perfectly white, and like fipely triturated coral-rock.

In my description ,of Keeling atoll, I have given some
facts, which show that the reef probably has growm out-

* Geological Transactions, vol. v. p. 113.
t Forster's Voyage round the World with Cook, vol. ii. pp. 163, 167.
t Williams' Narrative of Missionary Enterprize, p. 30.
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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 subscquently 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 cach other;
thus the Nulliporse cannot increase outwatrds without cn-
croaching on the Porites and Millepora complanata, as is now
taking place; nor these latter without encroaching on the
strongly branched Madrepora, the Millpora aleicornis, and
some Astraeas; nor these again without a foundation being
formed for them within the xequisite depth, by the accumu-
lation of sediment.  How slow, then, must be the ordinary
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 belicve 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 coraly which furnish
“an incontestable proof,” as obscrved 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
forned, 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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thrown up; and, therefore, we must conclude that the reef
has grown outwards during the accumulation of the successive
ridges. Here then, a wall of coral-rock of very considerable
breadth has been formed by the outward growth of the
living margin, within a period, during which ridges of shells
and_corals, lying on the bare surface, have not decayed.
There can be little doubt, from the account given by Capt.
Beechey, that Matilda atoll, in the Low Archipelago, has
been converted in the space of thirty-four years, from being,
as described by the crew of a wrecked whaling vessel, a “ reef
of rocks,” into a lagoon island, fourteen miles in length,
with “one of its sides covered nearly the whole way with
bigh trees.”™ The islets, also, on Keeling atoll, it has been
shown, have increased in length, and since the construction
of an old chart, several of them have become united into one
long islet: but in this case, and in that of Matilda atoll, we
have no proof? and can only infer as probable, that the reef,
that is the foundation of the islets, has increased as well as
the islets themselves.

After these considerations, I attach little importance, as
mdlcatmg the ordinary and still less the possible rate of outward
growth of coral-reefs, to the fact that certain reefs in the
Red Sea have not increased during a long interval of time;
or to other such cases, as that of Ouluthy atoll in the Caro-
line group, where every islet, described a hundred yecars be-
fore by Cantova, was found in the same state by Lutké,t—
without it could be shown that, in these cases, the conditions
were favourable to the vigorous and unopposed growth of
the corals livipg in the different zones of depth, and that a
proper basis for the cxtension of the reef was present. The
former conditions must depend on many contingencies, and
in the decp oceans where coral formations most abound,

* Beechey’s Voyage to the Pacific, ch. vii. and viii.

+ F. Lutk®'s Voyage autour du monde. In the group Elato, how-
ever, it appears that what is now the islet Falipi, is called in Cantova’s
Chart, the Banc de Falipi. It is not stated whether this has been
caused by the growth of coral, or by the accumulation of sand.
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a basis within the requisite depth can rarcly 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 rcef 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 cir-
cumstances.  Almost the only natural condition, allowing a
quick upward growth of the whole surface of a reef, would
be a slow subsidence of thearea 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 coneentrie
layer over them, and the reef thus increa-e upwards, instead
of, as at present, outwards? The Nulliporae are now en-
croaching on the Porites and Millepora, byt 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 sca woulsl gain on the islets, and the
fields of dead but upright corals in the lagoon,
covereQ by a sheet of clear water; and might we
cxpeet that these reefs would rise to the surf
anciently (‘lid when the lagoon was Ic
and as they did within a period of ten

great
would be
not then
e, as they
s¢ confined by islets,
years in the schooner-
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channel, cut by the inhabitants. In one of the Maldiva
atolls, a reef, which within a very few years existed as an
islet bearing cocoa-nut trees, was found by Lieut. Prentice
“ entirely covered with live coral and Madrepore.” The natives
believe that the islet was washed away by a change in the
currents, but if, instead of this, it had quietly subsided,
surely every part of the island which offered a solid foun-
dation, would in a like manner have become coated with
living coral.

Through steps such as these, any thickness of rock, com-
posed of a singular intermixture of various kinds of corals,
shells, and calcarcous sediment, might be formed; but with-
out subsidence, the thickness would necessarily be determined
by the depth at which the reef-building polypifers can exist.
If it be asked, at what rate in years T suppose a reef of coral
favourably circumstanced could grow up from a given depth;
I should answer, that we have no precise evidence on this
point, and comparatively little concern with it. We see, in
innumerable points over wide arcas, that the rate has been
sufficient, cither to bring up the reefs from various depths to
the surface, or, as is more probable, to keep them at the sur-
face, during progressive subsidences; and this is a much more
important standard of comparison than any cycle of years.

It may, however, be inferred from the following facts, that
the rate in years under favourable circumstances would be
very far from slow. Dr. Allan of Forres has, in his MS,
"Thesis deposited in the library of the Edinburgh University,
(extracts from which I owe to the kindness of Dr. Malcolm-
son,) the follgwing account of some experiments, which he
tried during his travels in the years 1830 to 1832 on the East
Coast of Madagascar. “ To ascertain the rise and progress of
the coral family, and fix the nynber of species met with
at Foul Point (Lat, 17° 40") twenty species of coral were
taken off the reef and planted apart on a sand-bank three
Jeet decp at low water.  Ench portion weighed ten pounds, and
was kept in its place by stakes. Similar quantities were
placed in a clump and sccured as the rest.  This 'was done in
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December 1830. In July following, cach 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 &
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 gencra 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 teu-
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 uncqual ratios, 1s very interesting, as
it shows the manner in which a recf, supporting many Specices
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 diifling of
sediment or to the simple movement of the water, is, also, a
very interesting circumstance.

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

* It is stated by Mr. De la Beche (Geological Manual, 1 143.) on the
authority of Mr. Lloyd, who surveyed the Isthmus of Panama, that
some specimens of Polypifers, placed by him in a sheltered p(;ol of
\?'atcr, were found in the course of a few davs firmly fixed by the secre-
tion of a stony matter, to the bottom. '
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to what order this coral belonged. The case of the schooner-
channel, choked up with coral in an interval of less than ten
years, in the lagoon of Keeling atoll, should be here borne in
mind. We may also infer, from the trouble which the in-
habitants of the Maldiva atolls take to root out, as they ex-
press it, the coral-knolls from their harbours, that their
growth can hardly be very slow.*

From the facts given in this section, it may be concluded,
first, that considerable thicknesses of rock have certainly
been formed within the present geological @ra by the growth
of coral and the accumulation of its detritus; and, secondly,
that the increase of individual corals and of reefs, both out
wards or horizontally and upwards or vertically, under the
peculiar conditions favourable to such increase, is not slow,
when referred cither to the standard of the average oscil-
lations of level in the carth’s crust, or to the more precise
but less important one of a cycle of years.

* Mr. Stuchbury (West of England Journal, No. I. p. 50.) has de-
scribed a specimen of Agaricia, “ weighing 2 1bs.9 oz. which surrounds
a species of oyster, whose age could not be more than two years, and
yet is completely enveloped by this dense coral.” I presume that the
oyster was living when the specimen was procured; otherwise the
fact tells nothing., Mr. Stuchbury also mentions an anchor, which
had become entirely encrusted with coral in fifty years; other cases,
however, are recorded of anchors which have long remained amidst
coral recfs without having become coated.  The anchor of the Beagle,
in 1832, after having been down exactly one month at Rio de Janeiro,
was so thickly coated by two species of Tubularia, that large spaces
of the iron were entirely concealed; the tufts of this horny zoophyte
were between two and three inches in length. It has been attempted
to compute, but I delieve erroneously, the rate of growth of a reef, from
the fact mentioned by Capt, Beechey of the Chama gigas being em-
bedded in coral rock. But it should be remembered, that some
species of this genus invariably live, both whilst young and old, in
cavities, which the animal has the pbwer of enlarging with its
growth. I saw many of these shells thus embedded in the outer flat’
of Kecling atol], which is composed of dead rock; and thercYore the
cavities in this case had no relation whatever with the growth of coral.
M. Lesson, also, speaking of this shell (Partie Zoolog. Voyage de la
Coquille) has remarked, “que constamment ses valves étalent engagés
complétement dans la masse des Madrepores.”



80 THE DEPTH AT WHICH CORALS LIVE, [cn.1v.

SECTION THIRD.
On the Depths at which Reef-building Polypifers live.

I uave already described in detail, which might have ap-
peared trivial, the nature of the bottom of the sca immedi-
ately surrounding Keeling atoll; and I will now describe with
almost equal care the soundings off the fringing reefs of Mau-
ritius. I have preferred this arrangement, for the sake of group-
ing together facts of a similar nature. Isounded with the wide
bell-shaped lead which Capt. FitzRoy used at Keeling Island,
but my examination of the bottom was confined to a few
miles of coast (between Port Louis and Tomb Bay) on the
leeward side of the island. The edge of the reef is formed
of great shapeless masses of branching Mddrepores, which
chiefly consist of two species,—apparently M. corymbosa and
pocillifera,—mingled with a few other kinds of coral. These
masses are scparated from each other by the most irregular
gullics and cavitics, into which the lead sinks many feet. Out-
side this irregular border of. Madrepores, the water deepens
gradually to twenty fathoms, which depth generally is found
at the distance of from half to three quarters of a mile from the
reef. A little further out the depth is thirty fathoms, and
thence the bank slopes rapidly into the depths of the ocean,
This inclination is very gentle compared with that outside
Kecling and other atolls, but compared with most coasts
it is steep. The water was so clear ougside the reef,
that I could distinguish every object forming the rugged
bottom. In this part, and to a depth of cight fathoms, I
sounded repeatedly, and,at each cast pounded the bottom
with the broad lead, nevertheless the arming invariably
came ‘up perfectly clean, but deeply indented,  From
e.xght to fiftcen fathoms a little calcarcous sand was occa-
sionally brought up, but more frequently the arming was

simply indented. In all this space the two Madrepores above
1
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mentioned, and two specics of Astreea, with rather large *

stars, scemed the commonest kinds ; and it must be noticed

that twice at the depth of 15 fathoms, the arming was marked

with a clean impression of an Astrseea. Besides these litho-
phytes, some fragments of the Millepora alcicornis, which
occurs in the same relative position at Kecling Island, were
brought up; and in the deeper parts there were large beds of
a Seriatopora, different from 8. subulata, but closely allied to
it.  On the beach within the reef, the rolled fragments con-
sisted chiefly of the corals just mentioned, and of a massive
Porites, like that at Keeling atoll, of a Meandrina, Pocil-
lopora verrucosa and of numerous fragments of Nullipora.
From fiftcen to twenty fathoms the bottom was, with few

cxceptions, either formed of sand, or thickly covered with
Seriatopora: this delicate coral seems to form at these
depths extensive beds, unmingled with any other kind. At
20 fathoms, on¢ sounding brought up a fragment of Madre-
pora apparently M. pocillifera, and I belicve it is the same
species (for 1 neglected to bring specimens from both sta-
tions) which mainly forms the upper margin of the reef; if so,
it grows in depths varying from 0 to 20 fathoms. Between
twenty and thirty-three fathoms.I obtained several soundings
and they all showed a sandy bottom, with one exception

* Since the preceding pages were printed off, I have received from
Mr. Lyell a very interesting pamphlet, entitled Remarks upon Coral-
Formations, &ec., by J. Couthouy, Boston, United States, 1842. Thereis
a statement (p. 6), on the authority of the Rev. J. Williams, corroborat-
ing the remarks made by Ehrenberg and Lyell, (p. 71 of this volume,)
on the antiquity f certain individual corals in the Red Sea and at
Bermuda; namely, that at Upolu, one of the Navigator islands, “ par-
ticular clupps of coral are known to the fishermen by name, derived
from either some particular configuration er tradition attached to them,
and handed down from time immemorial.” With respect to the thick-
ness of masses of coral-rock, it clearly appears, from the descMptions
given by Mr. Couthouy (pp. 34, 58), that Mangaia and Aurora islands
are upraised atolls, composed of coral-rock : the level summit of the
former is about 300 feet, and that of Aurora island is 200e feet above
the sea-level.

G
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at 30 fathoms, when the arming came up scooped out, as if
by the margin of a large Caryophyllia. Beyond 33 fathoms
1 sounded only once ; and from 86 fathoms, at the distance of
onc mile and a third from the cdge of the reef, the arming
brought up calcarcous sand with a pebble of volcanic rock.
The circumstance of the arming having invariably come up
quite clean, when sounding within a certain number of
fathoms off the reefs of Mauritius and Keeling atoll (cight
fathoms in the former case, and twelve in the latter), and of
its having always come up (with one exception) smoothed
and covered with sand, when the depth exceeded 20 fathoms,
probably indicates a criterion, by which the limits of the vigor-
ous growth of coral might in all cases be readily ascertained.
I do not, however, suppose that if a vast number of soundings
were obtained round these islands, the limit above assigned
would be found never to vary, but I conccive the facts are
sufficient to show, that the exceptions wouldl be few.,  The
circumstance of a gradual change, in the two cases, from
a ficld of clean coral to a smooth sandy bottom, is far more
important in indicating the depth at which the larger kinds
of coral flourish, than almost any number of ;cpar:uc
observations on the depth,eat which certain species have
been dredged up. For we can understand the gradation,
only as a prolonged struggle against unfavourable conditions,
If a person were to find the soil clothed with turf on the
banks of a strcam of water, but on going to some distance
on onc side of it, he observed the blades of grass growing
thinner and thinner, with intcrvcning patches of sand, until
he entered a desert of sand, he would safely, conclude, espe-
cially if changes of the same kind were noticed in other
places, that the presence of the water was absolutely neces-
sary to thc.formation of a thick bed of turf: so may we
(‘OIlC]llld(.’, with the same fecling of certainty, that thick beds
of coral are formed only at small depths beneath the surface
of the sca.

I hf.lVC: c.ndcztvourcd to colleet every fact, which might
cither invalidate or corroborate this conelusion. Capt. Mores-
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by, whose opportunities for observation during his survey of
the Maldiva and Chagos Archipelagoes have been unrivalled,
informs me, that the upper part or zone of the steep-sided
reefs, on the inner and outer coasts of the atolls in both
groups, invariably consists of coral, and the lower parts of
sand., At seven or cight fathoms depth, the bottom is
formed, as could be scen through the clear water, of great
living masses of coral, which at about ten fathoms generally
stand some way apart from cach other, with patches of white
sand between them, and at a little greater depth these patches
become united into a smooth steep slope, without any
coral.  Capt. Moresby, also, informs me in support of his
statement, that he found only decayed coral on the Padua
Bank (northern part of the Laccadive group) which has an
average depth between 25 and 35 fathoms, but that on some
other banks in the same group with only ten or twelve
fathoms water on them, (for instance, the Tillacapeni bank),
the coral was living.

With regard to the coral-reefs in the Red Sea, Ehrenberg
has the following passage. * The living corals do not de-
scend there into great depths. On the edges of islets and
near reefs, where the depth wa$ small, very many lived;
but we found no more even at six fathoms. The pearl-
fishers at Yemen and Massaua asserted that there was no
coral near the pearl-banks at nine fathoms depth, but only
sand.  We were not able to institute any more special
researches.™ I am, however, assured both by Captain
Moresby and Licut. Wellstead, that in the more northern
parts of the Red Sca, there are extensive beds of living
coral at a depth of 25 fathoms, in which the anchors of their
vessels were frequently entangled.  Captain Moresby attri-
butes the less depth, at which the scorals are able to live
in the places mentioned by Ehrenberg, to the greater quan-
tity of sediment there; and the situations, where they were
tiourishing at the depth of 25 fathoms, were protected, and
the water was extraordinarily limpid. On the leeward side

* Ehrenberg iiber die Natur, &e. p. 50.
G 2
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of Mauritius where I found the coral growing at a somewhat
greater depth than at Keeling atoll, the sea, owing apparently
to its tranquil state, was likewise very clear. Within the
lagoons of some of the Marshall atolls, where the water can
be but little agitated, there are, according to Kotzebue,
living beds of coral in 25 fathoms, From these facts, and
considering the manner in which the beds of clean coral off
Mauritius, Keeling Island, the Maldiva and Chagos atolls, gra-
duated into a sandy slope, it appears very probable that the
depth, at which reef-building polypifers can exist, is partly de-
termined by the extent of inclined surface, which the currents
of the seaand the recoiling waves have the power to keep free
from sediment.

MM. Quoy and Gaimard* believe that the growth of coral
is confined within very limited depths; and they state that
they never found any fragment of an Astraca, (the genus they
consider most efficient in forming reets) at & depth above 25
or 30 feet. But we have seen that in several places the bottom
of the sea is paved with massive corals at more than twice
this depth; and at 15 fathoms (or thrice this depth) off the
reefs of Mauritius, the arming was marked with the distinet
impression of a living Astrwea, Millepora aleicornis lives in
from O to 12 fathoms, and the genera Madrepora and Seria-
topora from 0 to 20 fathoms. Capt. Moreshy has given me a
specimen of Sideropora scubra (Porites of Lamarck) brought
up alive from 17 fathoms. Mr. Couthouyt states that he has
dredged up on the Bahama banks considerable masses of
Meandrina from 16 fathoms, and he has seen this coral
growing in 20 fathoms, A Caryophyllia, half an inch in
diameter, was dredged up alive from 80 fathoms off Juan
Fernandez (Lat. 33¢ S.) by Capt. P. P. King:  this is the
most remarkable fact with which I am acquainted, shewing
the d'cpth at which a genus of corals often found on reety,

* Annales des Sei. Nat. tom. vi,

t Remarks on Coral Formations, p. 12.
I Tam tndebted to Mr. Stokes for ha

wing kindly communicated this
fact to me, tog

cther with much other valuable information,
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8

can cxist.* We ought, however, to feel less surprise at this
fact, as Caryophyllia alone of the lamelliform genera, ranges

* I will record in the form of a note all the facts that I have been
able to collect on the depths, both within and without the tropics,
at which those corals and corallines can live, which there is no
reason to suppose cver materially aid in the construction of a reef.

NAME OP ZOOPHYTE.

Dm“' l COUNTRY AND
{.mi 8. LATITUDE.

!

AUTHORITY.

Sertularia
Cellaria . .
,, A minute scarlet encrust-
ing species, found living
An allied, small stony sub-
eneric form . .
A coral allied to Vincularia,
with eight rows of cells.
Tubulipora, near to T. patina
Do. do.
Cellepora, several species, andi
allied sub-gencric forms .

i
{ !

”

Ditto

Ditto
Eschara

Ditto
Retepora

Ditto

Millepora, a strong coral withy
cylindrical branches, of a i
pink colour, about two
inches high, resembling in
the form of its prifices M.
aspera of Lamarck

Coralium
Antipathes

Gorgonia (or an allied form) .

40 Cape Horn 66°
ditto ‘Ditto

190 'Keeling At. 12°
i

48 8. Cruz Riv. 50°

40 Cape Horn

ditto Ditto
' 94 East Chiloe 43°

40 :Cape Horn
:r?d ’} Cr%nos Arch.

57:

L 48 'S, Cruz 50°

iy Tierra del
30 { "Fuego 53°
48 S.Cruz R.50°
40 iCape Horn

100 ‘C.ﬁgod Hope
94 E.Chiloc 43°

and |Tierra del
30 Fuego 53°

120 Barbary 33° N.

16 'Chonos 45°

l Abrolhos on
{ the coast of
| Brazil 18°

v

160 ;

! [Where none is
- given, the ob-
! servation is my
! own.]

i
i

Quoy and Gai-
mard, Ann.
Scien. Nat.,
t. vi. p. 284.

{

Peyssonel in

ﬁaper read to
oyal Society

May, 1752,

Capt. Beechey
informed me

{ot this fact in
a lgtter.

Ellis (Nat. Hist. of Coralline, p. 96) states that Ombellularia was
procured in lat. 79° N. sticking to a line from the depth of 236 fathoms ;
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far beyond the tropics; it is found in Zetland* in Lat. 60°
N. in deep water, and 1 procured a small species from Ticrra
del Fuego in Lat. 53° S, Capt. Beechey informs me, that
branches of pink and yellow coral were frequently brought
up from between 20 and 25 fathoms off the Low atolls; and
Licut. Stokes writing to me from the N.W. coast of Australia,
says that a strongly branched coral was procured there from
30 fathoms: unfortunately it is not known to what genera
these corals belong.

Although the limit of depth, at which each particular kind
of coral ceases to exist, is far from being accurately known ;
yet when we bear in mind the manner in which the clumps
of coral gradually became infrequent at about the same depth,
and wholly disappeared at a greater depth than 20 fathoms,
on the slope round Keeling atoll, on the leeward side of the
Mauritius, and at rather less depth, both without and within
the atolls of the Maldiva and Chagos Arthipelagoces; and
when we know that the reefs round these islands do not
differ from other coral formations in their form and structure,
we may, I think, conclude that in ordinary cases, reef-
building polypifers do not flourish at greater depths than
between 20 and 30 fathoms:
hence this coral either must have been floating loose, or wias entangled
in stray line at the bottom. Off Keeling atoll & compound Ascidia
(Sigillina) was brought up from 39 fathoms, and a picee of sponge,
apparently living, from 70, and a fragment of Nullipora also appa-
rently living from 92 fathoms. At a greater depth than 90 fathoms off
this coral-island, the bottom was thickly strewed with joints of Hali-
meda and small fragments of other Nulliporwe, but all dead.  Capt. B.
Allen, R. N, informs me that in the survey of the West Indies it was
noticed, that Letween the depth of 10 and 200 fathoms, the sonnding-
lead very generally came up, coated with the dead joints of a Halimeda,
of which he shewed me specimens.  Off Pernambuco, in Brazil, in
about 12 fathoms, the bottdm was covered with fragments dead and
alive of a dull red Nullipora, and I infer from Roussin’s chart, that a
Lottom of thiy kind extends over a wide arca.  On the beach, within
the corfx1~rcc:£a of Mauritius, vast quantitics of fragments of Nullipora:
were piled up. From these facts it appears, that these simply orga-
]"'I::di"l“"h'(“i ire amongst the most abundant productions of the sea.

tleming’s British Animals, genus Caryophyllia.
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It has heen argued* that reefs may possibly rise from very
great depths through the means of small corals, first making a
platform for the growth of the stronger kinds. This, however,
is an arbitary supposition: it is not always remembered, that
in such cases there is an antagonist power in action, namely, the
decay of organic bodies, when not protected by a covering of
sediment, or by their own rapid growth. We have, moreover,
no right to calculate on unlimited time for the accumulation
of small organic bodies into great masses. Every fact in
geology proclaims that neither the land, nor the bed of the
sea retain for indefinite periods the same level. As well
might it be imagined that the British Seas would in time
beecome choked up with beds of oysters, or that the numerous
small corallines off the inhospitable shores of Tierra del
Fuego would in time form a solid and extensive coral-reef.

* Journgl of the Royal Geograph. Soc. 1831, p. 218,
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CIIAPTER V.

THEORY OF TIHE FORMATION OF THE DIFFERENT CLASSES OF
CORAL-REEFS,

The atolls of the larger archipelagoes are not formed on submerged craters,
or on banks of sediment—Immense arcas interspersed weth atolls— Therr
subsidence—The effects of storms and carthquakes on atolls—Recent
changes in their state—The origin of baryicr-rects and of atolls—Thetr
relative forms— The step-formed ledges and walls round the shores of
some lagoons—The ring-formed reefs of the Maldiva atolls—The sub-
merged condition of parts or of the whole of some apnular recfs—The
disseverment of larwe atolls—The union of atolls by lincar recfs—The
great Chagos Bank—Objections from the area and wmount of subsi-
dence required by the theory, considered—The probable composition of
the lower parts of atolls.

THE naturalists who have visited the Pacific, scem to have
had their attention rivetted by the lagoon-islands, or atolls,—
those singular rings of coral-land which rise abruptly out of
the unfathomable occan,—and have passed over, almost un-
noticed, the scarcely less wonderful encircling barrier-reefs.
The theory most generally received on the formation of
atolls, is that they are based on submarine craters: but
where can we find a crater of the shape of Bow atoll, which
is five times as long as it is broad, (Plate I. fig. 4.); or like
that of Menchicoff Island, (Plate IL fig. 3.) with its three
loops, together sixty miles in length; or like Rimsky Kor-
sacoff, narrow, crooked, and fifty-four miles long ; or like the
northern Maldiva atolls, made up of numerous ring-formed
reefs, placed on the margin of a disk,—one of which disks is
cighty-cight miles in length, and only from ten to twenty
in breadth. Tt is, also, not a little improbable, that there
3



ATOLLS NOT BASED ON CRATERS. 89

should have existed as many craters of immense size crowded
together beneath the sea, as there are now in some parts
atolls. But this theory lies under a greater difficulty, as will
be evident, when we consider on what foundations the atolls
of the larger archipelagoes rest: nevertheless, if the rim of a
crater afforded a basis at the proper depth, I am far from deny-
ing that a reef like a perfectly characterized atoll might not be
formed ; some such, perhaps, now exist; but I cannot believe
in the possibility of the greater number having thus originated.

An carlier and better theory was proposed by Chamisso ;*
he supposes that as the more massive kinds of corals prefer
the surf, the outer portions, in a reef rising from a submarine
basis, would first reach the surface and consequently form a
ring. But on this vicw it must be assumed, that in every case
the basis consists of a flat bank; for if it were conically
formed, like a mountainous mass, we can see no reason why
the coral should #pring up from the flanks, instead of from the
central and highest parts: considering the number of the
atolls in the Pacific and Indian Oceans, this assumption is
very improbable. As the lagoons of atolls are sometimes
even more than forty fathoms deep, it must, also, be assumed
on this view, that at a depth at which the waves do not
break, the coral grows more vigorously on the edges of
a bank than on its central part: and this is an assumption
without any evidence in support of it. I remarked in the
third chapter, that a reef, growing on a detached bank,
would tend to assume an atoll-like structure ; if, therefore,
corals were to grow up from a bank with a level surface some
fathoms submerged, having steep sides and being situated in
a deep sea, a reef not to be distinguished from an atoll, might
be formed: I believe some such exist in the West Indies.
But a difficulty of the same kind with that affecting the
crater theory, renders, as we shall presently sec, this view
inapplicable to the greater number of atolls.

No theory worthy of notice has been advanced to account
for those barricr-recfs, which encircle islands of moderate

* Kotzebue's First Voyage, vol. iii. p. 331, )
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dimensions,  The great reef which fronts the coast of Aus-
tralia has been supposed, but without any special faets, to
rest on the edge of a submarine precipice, extending parallel
to the shore. The origin of the third class or of fringing reefs
presents, I believe, scarcely any difficulty, and is simply con-
sequent on the polypifers not growing up from great depths,
and their not flourishing close to gently shelving beaches
where the water is often turbid.

What cause, then, has given to atolls and barrier-reefs their
characteristic forms? Let us see whether an important de-
duction will not follow from the consideration of these two
circumstances,—first, the reef-building corals flourishing only
at limited depths,—and secondly, the vastness of the arcas in-
terspersed with coral-reefs and coral-islets, none of which rise
to a greater height above the level of the sca, than that
attained by matter thrown up by the waves and winds,
I do not make this latter statement vagudly; I have care-
fully sought for descriptions of every island in the inter-
tropical seas; and my task has been in some degree abridged
by a map of the Pacific, corrected in 1834 by M.M.
I’Urville and Lottin, in which the low islands are distin-
guished from the high ones. (even from those much less than
a hundred feet in height) by being written without a capital
letter: I have detected a few errors in this map, respecting
the heights of some of the islands, which will be noticed in the
Appendix, where T treat of coral-formations in geographical
order. To the Appendix, also, I must refer for a more
particular account of the data on which the statements on
the next page are grounded. I have ascertajned, and chiefly
from the writings of Cook, Kotzebue, Bellinghausen, Du-
perrey, Beechey, and Lutké, regarding the Pacific; and from
Moresby* with respect to the Indian Occan, that in the fol-

* Scealso Capt. Owen's and Lieut. Wood’s papers in the Geogra-
phical Journal, on the Maldiva and Laccadive Archipelagoes.  These
officers particulurly refer to the lowness of the islets; but T chiefly
ground my assertion respecting these two groups, and the Chng';s
group, from information communicated 1o me by Capt. Moresbhy.
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lowing cases the term ¢ low island” strictly means land of the
height, commonly attained by matter thrown up by the winds
and the waves of an open sea. If we draw a line (the plan I
have always adopted) joining the external atolls of that part
of the Low Archipelago in which the islands are numerous,
the figure will be a pointed ellipse (reaching from Hood to
Lazaref island), of which the longer axis is 840 geographical
miles, and the shorter 420 miles: in this space,* none of the
innumerable islets, united into great rings, rise above the stated
level. The Gilbert group is very narrow, and 300 miles in
length. In a prolonged line from this group, at the distance
of 240 miles, is the Marshall archipelago, the figure of which
is an irregular square, one end being broader than the other;
its length is 520 miles, with an average width of 240: these
two groups together are 1040 miles in length, and all their
islets are low.  Between the southern end of the Gilbert and
the northern end of Low Archipelago, the occan is thinly
strewed with islands, all of which, as far as I have been able to
ascertain, are low : so that from nearly the southern end of the
Low Archipelago to the northern end of the Marshall Archipe-
lago, there is a narrow band of occan, more than 4000 miles in
length, containing a great number of islands, all of which are
low. In the Western part of the Caroline Archipelago, there
i8 a space of 480 miles in length, and about 100 broad, thinly
interspersed with low islands. Lastly, in the Indian ocean, the
archipelago of the Maldivas is 470 miles in length, and 60 in
breadth ; that of the Laccadives is 150 by 100 miles: as there
is a low island between these two groups, they may be consi-

* I find from*Mr. Couthouy's pamphlet, p. 58, that Aurora island
is about 200 fect in height ; it consists of coral rock, and seems to have
been formed by the clevation of an atoll. It lies N E. of Tahiti,
close without the line bounding the spage coloured dark blue in the
map appended to this vojume. Honden island, which is situated in the
extreme N.W. part of the Low Arch,, according tomeasurementsgnade on
board the Heagle, whilst sailing by, is 114 feet from the swmmit of the

frees to the water’s edge.  This island appeared to resemble the other
atolls of the group,
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dered as one group of a thousand miles in length. To this
may be added the Chagos group of low islands, situated 280
miles distant, in a linc prolonged from the southern ex-
tremity of the Maldivas. This group, including the sub-
merged banks, is 170 miles in length and 80 in breadth., So
striking is the uniformity in direction of these three archi-
pelagoes, all the islands of which are low, that Captain
Moresby, in one of his papers, speaks of them as parts of one
great chain, nearly 1500 miles long. I am, then, fully justi-
fied, in repeating, that enormous spaces, both in the Pacific
and Indian oceans, are interspersed with islands, of which not
one rises above that height, to which the waves and winds
in an open sea can heap up matter.

On what foundations, then, have these reefs and islets of
coral been constructed? - A foundation must originally have
been present beneath each atoll at that limited depth, which
is indispensable for the first growth of the rccf-building polypi-
fers.  Aconjecturewill perhaps be hazarded, that the requisite
bases might have been afforded by the accumulation of great
banks of sediment, which owing to the action of superficial
currents, (aided possibly by the undulatory movement of the
sea)did notquite reach the surface,—as actually appears to have
been the case in some parts of the West Indian Sea.  But in
the form and disposition of the groups of atolls, there is
nothing to countenance this notion; and the assumption
without any proof, that a number of immense piles of sedi.
ment have been heaped on the floor of the great Pacific and
Indian Oceans, in their central parts far remote from land,
and where the dark blue colour of the limpid water bespeaks
its purity, cannot for onc moment be admitted.

The many widely-scattered atolls must, therefore, rest
onrocky bases. But we cannot belicve that the broad summit
of a mountain lies buried at the depth of a few fathoms

beneath every atoll, and nevertheless throughout the immense
areas above-named, with not one

point of rock projecting
above the level of the sea;

for we may judge with some
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accuracy of mountains beneath the seca, by those on the land;
and where can we find a single chain several hundred miles
in length and of considerable breadth, much less several such
chains, with their many broad summits attaining the same
height, within from 120 to 180 feet? If the data be thought
insufficient, on which I have grounded my belief, respecting
the depth at which the recf-building polypifers can exist, and
it be assumed that they can flourish at a depth of even 100
fathoms, yet the weight of the above argument is but little
diminished, for it is almost equally improbable, that as many
submarine mountains, as there are low islands in the several
great and widely-separated areas above-specified, should all
rise within 600 feet of the surface of the sea and not one
above it, as that they should be of the same height within
the smaller limit of one or two hundred feet. So highly im-
probable is this supposition, that we are compelled to believe,
that the bascs of the many atolls did never at any one period
all lic submerged within the depth of a few fathoms beneath
the surface, but that they were brought into the requisite
position or level, some at one period and some at another,
through movements in the earth’s crust. But this could not
have been effected by elevation, for the belief that points so
numerous and so widely-separated were successively uplifted to
a certain level, but that not one point wasraised above that level,
is quite as improbable as the former supposition, and indeed
differs little from it. It will probably occur to those who have
read Ehrenberg’s account of the reefs of the Red Sea, that
many points in thesc great areas may have been elevated, but
that as soon as raised, the protuberant parts were cut off by
the destroying’action of the waves: a moment’s reflection,
however, on the bason-like form of the atolls, will show that
this is impossible; for the upheaval and subsequent abrasion
of an island would leave a flat dik, which might become
coated with coral, but not a decply concave surface; more-
over, we should expect to sce, in some parts at least, the rock
of the foundation brought to the surface. If, then, the
foundations of the many atolls were not uplifted into the
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requisite position, they must of necessity have subsided into
it; and this at oncc solves every difficulty,* for we may
safely infer, from the facts given in the last chapter, that
during a gradual subsidence the corals would be favourably
circumstanced for building up their solid frameworks and
reaching the surface, as island after island slowly disappeared.
Thus areas of immense extent in the central and most’ pro-
found parts of the great oceans, might become interspersed
with coral-islets, none of which would rise to a greater height
than that attained by detritus heaped up by the sca, and
nevertheless they might all have been formed by corals, which
absolutely required for their growth a solid foundation within
a few fathoms of the surface.

It would be out of place here to do more than allude to the
many facts, showing that the supposition of a gradual sub-
sidence over large areas is by no means improbable.  We
have the clearest proot’ that a movement ot this kind is pos-
sible, in the upright trees buried under strata many thousand

# The additional difficulty on the crater hypothesis before alluded to,
will now be evident; for on this view the voleanie action must be sup-
posed to have formed within the areas specificd a vast number of
craters, all rising within a few fathoms of the surfuce, and not one above
it.  The supposition that the craters were at diflerent times upraised
above the surface, and were there abraded by the surf and subsequently
coated by corals, is subjeet to nearly the same objections with those
given at the bottom of the last page; but I consider it superfluous to
detail all the arguments opposed to sueh a notion Chamisso's theory,
from assuming the existence of so many banks, all lying at the proper
depth beneath the water, i also vitally defective.  The same observa-
tion applies to an hypothesis of Lient. Nelson's (Gedlog, Trans, vol. v.
p. 122, who supposes that the ring-formed structure is caused by a
greater number of germs of corals becoming attached o the dccliv-ity,
than to the central plateau of a submarine bank @ it likewise applies
to the notion formerly entdrtained, (Forster's Observ. p- 101) that
tagoon-islands owe their peeuliar form to the instinetive tendencies
of thc_ Bolypifers.  According to this latter view, the corals on the outer
margin of the reef instinetively expose themselves to the surf in order

t' : ot d . .. . . . .
o afford brotection to corals living in the lagoon, which belong to
other genera and 1o other families !
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feet in thickness; we have also every reason for believing
that there are now large arcas gradually sinking, in the same
manner as others are rising. And when we consider how
many parts of the surface of the globe have been elevated
within recent geological periods, we must admit that there
have been subsidences on a corresponding scale, for otherwise
the whole globe would have swollen. It is very remarkable
that Mr. Lyell,* even in the first edition of his Principles
of Geology, inferred that the amount of subsidence in the
Pacific must have exceeded that of elevation, from the area
of land being very small relatively to the agents there tending
to form it, namely, the growth of coral and volcanic action.
But it will be asked, are there any direct proofs of a subsiding
movement in those areas, in which subsidence will explain a
phenomenon otherwise inexplicable? This, however, can
hardly be cxpected, for it must ever be most difficult, ex-
cepting in countrics long civilized, to detect a movement,
the tendency of which is to conceal the part affected. In
barbarous and semi-civilized nations how long might not
a slow movement, even of elevation such as that now
aﬂ“ccting: b}gandinavia, have escaped attention !

Mr. Williams?t insists strongly that the traditions of the
natives, which he has taken much pains in collecting, do not
indicate the appearance of any new islands: but on the
theory of a gradual subsidence, all that would be apparent
would be, the water sometimes encroaching slowly on the
land, and the land again recovering by the accumulation
of detritus its former extent, and perhaps sometimes the
conversion of an atoll with coral islets on it, inta a bare or
into a sunken annular reef.  Such changes would naturally
take place at the periods when the sea rose above its usual
limits, during a gale of more than ordinary strength; and
the cffects of the two causes would be hardly distinguishable,
In Kotzebue’s Voyage there are accounts of islands, bpth in
the Caroline and Marshall Archipelagoes, which have been

* Principles of Geology, sixth edition, vol. iii. p. 386.
t Williams's Narrative of Missionary Enterprise, p.*31.
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partly washed away during hurricanes; and Kadu, the
native who was on board one of the Russian vessels, said
“ he saw the sca at Radack rise to the fect of the cocoa-nut
trees; but it was conjured in time.”* A storm lately entirely
swept away two of the Caroline islands, and converted them
into shoals; it partly, also, destroyed two other islands.t
According to a tradition which was communicated to® Capt.
FitzRoys, it is believed in the Low Archipelago, that the arri-
val of the first ship caused a great inundation, which de-
stroyed many lives.  Mr. Stuchbury relates, that in 1825,
the western side of Chain Atoll, in the same group, was com-
pletely devastated by a hurricane, and not less than 300 lives
lost: “in this instance it was cvident, cven to the natives,
that the hurricane alone was not sufficient to account for the
violent agitation of the ocean.™}  That cousiderable changes
have taken place recently in some of the atolls in the Low
Archipelago, appears certain from the case already given of
Matilda Island : with respect to Whitsunday and Gloucester
Islands in this same group, we must cither attribute great
inaccuracy to their discoverer, the famous eircumnavigator
Wallis, or believe that they have undergone a contiderable
change in the period of fifty-nine years, between his voyage
and that of Capt. Beechey’s. Whitsunday Island is deseribed
by Wallis as “ about four miles long, and three wide,” now it
is only one mile and a half'long.  The appearance of Glou-
cester Island, in Capt. Beechey's words,§ “has been accu-
rately deseribed by its discoverer, but its present form and
extent differ materially”  Blenheim reef, in the Chagos
group, consists of a water-washed annular reef, thirteen miles
in circumference, surrounding a lagoon ten fathoms deep;
on its surface there were a few worn patches of con-
glomerate coral-rock, of about the size of hovels; and these

™ Kotzebue's Fitst Voyage, vol. iii. p. 168°
+ '“,' Desmouling in Comptes Rendns, 1840, p. %37,
I West of England Journal, No. 1, p- .

§ Becehey's Voyage to the Pacific i RIT .
i - acifie, chap. vii., and Wallis's Voyage
in the Dolfhin, chap. iv. Y , and Wallis's Voyag
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Capt. Motevonsidered, as being, without doubt, the

last remnants of islets; so that here an atoll has been con-

verted into an atoll-formed reef. The inhabitants of the

Maldiva Archipelago, as long ago as 1805, declared, “ that

the high tides and violent currents were always diminishing

the pumber of the islands:”* and I have already shown, on

the authority of Capt. Moresby, that the work of destruction

is still in progress; but that on the other hand the first forma-
tion of some islets is known to the present inhabitants. In

such cases, it would be exceedingly difficult to detect a gradual
subsidence of the foundation, on which these mutable struc--
tures rest.

Some of the archipelagoes of low coral-islands are subject
to earthquakes: Capt. Moresby informs me that they are
frequent, though not very strong, in the Chagos group, which
occupies a very central position in the Indian ocean, and is
far from any land not of coral formation. One of the islands
in this group was formerly covered by a bed of mould, which,
after an earthquake, disappeared, and was believed by the
rcsideny to have been washed by the rain through the broken
masses of underlying rock : the island was thus rendered un-
productive. Chamissot states, that earthquakes are felt in
the Marshall atolls, which are far from any high land, and
likewise in the islands of the Caroline Archipelago. On one
of the latter, namely Oulleay atoll, Admiral Lutké, as he had
the kindness to inform me, observed several straight fissures
about a foot in width, running for some hundred yards ob-
liquely across the whole width of the reef. Fissures indicate
a stretching of the earth’s crust, and, therefore, probably
changes in its level ; but these coral-islands, which have been
shaken and fissured, certainly have not been clevated, and,
therefore, probably they have subsided. In the chapter on
Kecling atoll, T attempted to show by direct evidence, that

* See an extract from Pyrard’s Voyage in Capt. Owen's paper on
the Maldiva Archipelago, in the Geographical Journal, vol. ii. p. 84.
1 See Chamisso, in Kotzebue's First Voyage, vol. iii. p..182 and 136.

n
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the island underwent a movement of subsilflill®, during the
earthquakes lately felt there. '

The facts stand thus;—there are many large tracts of
ocean, without any high land, interspersed with reefs and
islets, formed by the growth of those kinds of corals, which
cannot live at great depths; and the existence of thesc.reefs
and low islets, in such numbers and at such distant points, is
quite inexplicable, excepting on the theory, that the bases on
which the reefs first became attached, slowly and successively
sank beneath the level of the sea, whilst the corals continued
to grow upwards. No positive facts are opposed to this view,
and some general considerations render it probable. There
is evidence of change in form, whether or not from subsi-
dence, on some of these coral-islands; and there is evidence
of subterranean disturbances bencath them. Will then the
theory, to which we have thus been led, sglve the curious
problem,—what has given to each class of rcef its peculiar
form ?

Let us in imagination place within one of the subsiding
areas, an island surrounded by a “ fringing reef,”—that kind,
which alone offers no difficulty in the explanation of its origin.
Let the unbroken lines and the oblique shading in the woodcut

v‘,”' R Level of Sea B K

[No. 4)
A A—Outer edge of the reef at the level of the sea.
B B—Shores of the island.
A’ A’—Outer edge of the rcd’, after its upward growth during a period
of subsidence. '

€ C—The lagoon-channel between the reef and the shores of the now
encireled land.

B I}’—The .slfqrca of the encircled island.
N.B. In tuis, and the following wood-cut, the subsidence of the land
could only be represented by an apparent rise in the level of the sea.
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(No.4.)represent a vertical section through such an island ; and
the horizontal shading will represent the section of the reef.
Now, as the island sinks down, either a few feet at a. time or
quite insensibly, we may safely infer from what we know of
the conditions favourable to the growth of coral, that the living
massos bathed by the swrf on the margin of the reef,. will
soon regain the surface. The water, however, will encroach,
little by little, on the shore, the island becoming lower and
smaller, and the space between the edge of the reef and the
beach proportionally broader. A section of the reef and island
in this state, after a subsidence of several hundred feet, is given
by the dotted lines: coral-islets are supposed to have been
formed on the new reef, and a ship is anchored in the lagoon-
channel. This section is in every respect that of an encircling
'barrier-reef; it is, in fact, a section taken* E. andW, through the
highest point of the encircled island of Bolabola; of which a
plan is given in Plate L. fig. 5. The same section is more
clearly shown in the following woodcut (No. 5.) by the un-
broken lines. The width of the reef, and its slope both on
the outer and inner side, will have been determined by the
growing powers of the coral, under the conditions, (for instance
the force of the breakers and of the currents) to which it has
been exposed ; and the lagoon-channel will be deeper or shal-
lower, in proportion to the growth of the delicately branched
corals within the reef, and to the accumulation of sediment, _
relatively, also, to the rate of subsidence and the length of the
intervening stationary periods,

It is cvident in this section, that a line drawn perpendicu-
larly down fromthe outer edge of the new reef to the founda-
tion of solid rock, exceeds by as many feet as there have been
feet of subsidence, that small limit of depth at which the
effective polypifers can live,—the cosals having grown up, as

* The section has been made from the chart given in the Atlasof the
Voyage of the Coguelle, The scale is *57 of an inch to a mile. The
height of the island, according to M. Lesson, is 4026 feet. The deepest
part of the lagoon-channel is 162 feet ; its depth is exaggerated in the
woodcut for the sake of clearness.

n2
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the whole sank down, from a basis formed of other corals and
their consolidated fragments. Thus the difficulty on this
head, which before seemed so great, disappears.
. As the space between the reef and the subsiding shore
continued to increase in breadth and depth, and as the inju-
rious effects of the sediment and fresh water borne down from
the land were consequently lessened, the greater number of
the channels, with which the reef in its fringing state must
have been breached, especially those which fronted the
smaller streams, will have become choked up by the growth
of coral: on the windward side of the recf, where the coral
grows most vigorously, the breaches will probably have first
been closed. In barricr-recfs, therefore, the breaches kept
open by draining the tidal waters of the lagoon-channel,
will generally be placed on the lceward side, and they will
still face the mouths of the larger streams, although removed
beyond the influence of their sediment and fresh-water ;—
and this, it has been shown, is commonly the case.

Referring to the following diagram, in which the newly-
formed barrier-reef is represented by unbroken linesy instead
of by dots as in the former woodcut, let the work of subsi-

dence go on, and the doubly-pointed hill will form two small
A” A 8 A’

[No. 5.]

A’ A'—Outer edges of the barrier-reef at the level of the sea. The
cocoa-nut trees répresent coral-islets formgd on the reef.

C C—The lagoon-channel.

B’ B"—The shores of the island, generaily formed of low alluvial land
and of coral detritus from the lagoon-channel.

A”A"—The outer edges of the reef now forming an atoll.

("—The lagoon of the newly-formed atoll, According to the scale, the
depth of the lagoon and of the lagoon-channel is exaggerated.
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islands (or more, according to the number of the hills) in-
cluded within one annular reef. Let the island continue
subsiding, and the coral-reef will continue growing up on its
own foundation, whilst the water gains inch by inch on the
land, until the last and highest pinnacle is covered, and there
remains a perfect atoll. A vertical section of this atoll is
shown in the woodcut by the dotted lines;—a ship is an-
chored in its lagoon, but islets are not supposed yet to have
been formed on the recf. The depth of the lagoon and the
width and slope of the reef, will depend on the circumstances
just referred to under barrier-reefs. Aty further subsidence
will produce no change in the atoll, except perhaps a
diminution in its size, from the reef not growing vertically
upwards; but should the currents of the sea act violently
on it, and should the corals perish on part or on the whole
of its margin, changes would result during subsidence which
will be presently noticed. I may here observe, that a bank
cither of rock or of hardened sediment, level with the surface
of the sea, and fringed with living coral, would (if not so
small as to allow the central space to be quickly filled up
with detritus) by subsidence be converted immediately into
an atoll, without passing, as in the case of a reef fringing the
shore of an island, through the intermediate form of a
barrier-reef. If such a bank lay a few fathoms submerged, the
simple growth of the coral (as remarked in the third chapter)
without the aid of subsidence, would produce a structure
scarcely to be distinguished from a true atoll; for in all cases
the corals on the outer margin of a reef, from having space
and being freely exposed to the open sea, will grow vigorously
and tend to form a continuous ring, whilst the growth of the
less massive kinds on the central expanse, will be checked
by the sediment formed there, and by that washed inwards
by the breakers; and as the space Yecomes shallower, their
growth will, also, be checked by the impurities of the avater,
and probably by the small amount of food brought by the
enfeebled currents, in proportion to the surface of living
reefs studded with innumerable craving mouths: the subsi.
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dence of a reef based on a bank of this kind, would give
depth to its central expanse or lagoon, stecpness to its ﬂ‘““f”
and through the free growth of the coral, symmetry to its
outline :—I may here repeat that the larger groups of atolls
in the Pacific and Indian oceans cannot be supposed to be
founded on banks of this nature. .

If, instead of the island in the diagram, the shore of a con-
tinent fringed by a reef had subsided, a great barrier-recf,
like that on the N. E. coast of Australia, would have neces-
sarily resulted; and it would have been scparated from
the main land by a deep-water channel, broad in proportion
to the amount of subsidence, and to the less or greater incli-
nation of the neighbouring coast-land. The effect of the
continued subsidence of a great barrier-recf of this kind, and
its probable conversion into a chain of separate atolls, will
be noticed, when we discuss the apparent progressive dissever-
ment of the larger Maldiva atolls. .

We now are able to perceive that the close similarity in
form, dimensions, structure, and relative position (which latter
point will hereafter be more fully noticed) between fringing
andencircling barrier-reefs, and between these latter and atolls,
is the nccessary result of the transformation, during subsi-
dence, of the one class into the other. On this view, the
three classes of reefs ought to graduate into cach other.
Reefs having an intermediate character between those of
the fringing and barrier classes do exist; for instance, on the
S.W. coast of Madagascar, a reef extends for several miles,
within which there is a broad channel from scven to cight
fathoms deep, but the sca does not deepen gbruptly outside
the reef. Such cases, however, are open to some doubts, for
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