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PREFACE 

THE SECOND EDITION. 

THE FIRST EDITION of this book appeared in 1842, and 

since then only one important work on the same 

subject has appeared, namely. in 1872, by Professor 

Dana, on· Corals and Coral-Reefs. In this \'fork he 

justly says that I have not laid sufficient weight on 

the mean temperature of the sea, in determining the 

distribution of coral-reefs; but neither a low tempera.

ture Dor the presence of mud-banks accounts, as it 

appears to me, for the absence of coral-reefs through

out certain areas; and we must look to some more 

recondite cause. Professor Dana., also, insists that 

volcanic action prevents the growth of ooral-reefs 

much more effectually than I had supposed ; but 

how the heat or poisonous exhalations from a volcano 
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can affect. t.he whole circumference of a large island 

is not clear. Nor does this fact, if fully established, 

falsify my gcneI1l.1isation that volcanos in a. state of 

aeLion are not found within the areas of subsidence, 

wbilst tbey are often present within tbose of elevation; 

for I have not been influenced in my judgment by tbe 

al)jlence or presencc of coral-reefs round active volcanos; 

I have judged only by finding upraised marine remains 

\vithin the areas of elevation, and by thc \'icinity of 

atolls and barrier-reefs with rcference to tho areas 

of sub!lidence. Professor Dana apparently supposes 

(p. 320) that I look at fringing-reefs as a proof of 

the recent elevation of the land; but I have ex

pressly stated that such reefs, as a. general rule, 

iudicnte that tbe land has eithor long remained at the 

same leyel or has been recently elevated. ~everthe

less, from upraised recent remains baving been found 

in a large number of cases on coasts which are fringed 

by coral-reefs, it appears that of these two alternatives 

recent elevation has been much more frequent than a 

stationary condition . ProfeAAOr Dana. further believes 

that many of the lagoon-islands in the Paumotu 

or J-iOW Archipelago and elsewhere have recently 

been elevated to a height of a few feet, although 

originally formed during a period of snbsidence; but I 

shall endeavota' to show in the sixth chapter of the 

present edition that lagoon-islands which have long 
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T:'IB SECOND EDlTION'. vii 

remained at a stat.ionary IcY(~1 often present the false 

appearance of having been slightly elevated. 

Although I thus demur to some of the remarks and 

criticisms made by this eminent naturalist, who has 

examined more coral formations than almost any other 

man, yet I do not the less admire his work. It ha~ 

also afforded me the highest satisfaction to find that 

he accepts the fundamental proposition that lagoon

islands or atolls, and barrier-reefs, have been formed 

during periods of subsidence. 

The latc Professor Jukes, in his account of the 

\"oyage of lL\LS. Fly, published in 1847, devoted a 

chapter to the Barrier-Reefs of Australia, and thus 

concludes: 'After seeing much of the Great Barrier

reefs, and reflecting much llpon them, and trying if it. 

were possible by any means to evade the conclusions to 

which Mr. Darwin has come, 1 cannot help adding that 

his hypothesis is perfectly satisfactory to my mind, and 

rises beyond a mere hypothesis into the true theory of 

coral-reefs.' 

On the other hand, a distinguished nnturalist, Pro

fessor Semper, differs much from me, although he 

seems willing to admit that some atolls and barrier

reefs havc been formed in the manner in which I 

suppose. I will give in the Appenclix, under the head 

of the Pclew Islauds, which were carefully examined 

by him) some account of his objections, and I will here 
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only state that his \'iew docs not differ essentially from 

t.hat of Cbanllsso, which will ~ercafter be discussed, 

It will be soon that the evidence in favour of atolls 

and barrier~reefs having been formed during sub

sidence is of a cumulative nature; and that it is 

very difficult to judge with s..'tfety respecting any 

single lagoon~island or barrier~reef, or small group of 

them, even if the dept.h outside the reef and the slope 

of the encircled land are both known, 

In the present edition I ha\'e added some new facts 

and have revised the whole book; the latter chapters 

having been almost re-written, The appended map of 

the Pacific and Indian Oceans remains in nearly the same 

state as before, for I have added only two red and two 

blue circles, I have removed an active volcano, which 

was formerly supposed to exist in Torres Straits, An 

account of a remarkable bar of sandstone off Pernam~ 

hueo on the Brazilian coast has been added to the 

Appendix, as this bar is protected frotu the wenr 

and tear of the wa\'es by a coating of organic bodies, 

in the same manner as are most coral~reefs, It also 

reacmbles a CQrol~reef in sbape or outline to a curiously 

decept.h·e degree. If I bad been better situated during 

the last. thirty years, for bearing of recent discoveries 

in the Pacific, and for consulting charts published in 

various countries, my mnp might have been greatly 
improved, But I hope that before long Borne one may 
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be induced to colour a. map on a large scale, on nearly 

the s..'lme principles as I ha,'c done, and in accordance 

with Ollr advanced state of goograpbical knowledge; 

for I believe t.hat he would thus arrive at some new 

and striking generalisations. 

~wx. D~KL~X, KL~ : 

FthrtuJ"!1 18H. 
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PREFACE 

THE FIRST EDITION. 

[ SHAl.T, HAVFl OCCASION, in many parts of the follow

ing volume, to acknowledge the valuable information 

I have received from several persons; but I must 

more particularly express my obligations to Captain 

R. Moresby, I .N., who conducted the sur,ey of the 

Red Sea, nod of the archipelagoes of low coral-islands 

in the Indian Ocean. 1 beg, also, to be permitted to 

return my best thanks to Captain Beaufort, R.N., for 

having given me free access to the charts in the Ad

mimltY.3s well as to Captain Beecher, R.N., for most 

kindly aiding me in consulting them. 1\Iy thanks arc 

likewise especially due to Captain Washington, R.N., 

for his invariable desire to nslrist me in every possible 

manner. Having in former publications had the plea

sure of acknowlcclging how much lowe to Captain 
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FitzRoy, for baying pennilted me to ,'olunt.eer my 

services on board H.M.S. Beagle, Bnd for his uniform 

kindness ill giving me assistance in my researches, I 

caD here only repeat my obligatiolls to him. The 

materials for this volume were nearly ready two years 

ago j but owing to ill bealth, its publication has been 

delayed. The two succeeding P aris-one OD the "olM 
canie islands visited during the voyage of the Beagle, 
and the oUler on South America-will appear as soon 

as they can be prepored., 

,Va!! 2, 1842. 
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DESCRIP~'ION OF TEl' PJ,ATF.S, 

PL.\ TE I. at tltfl ()j YdllMt. 

In the N1"tl'lli ()rijriuai liune.f~ from which the tmaU rlane on thi~ 
F"'~ h&>-e LH-n ~uced. the roml.,..,."r~arotn8""ved in very different 
sty1e.., Fa .. the ",,1tB of uniformity, I hlll'e lu10rted till! ~t.fle II5ed 
in tho dllll'tll of the CbllgolJ Archipdllgo, ru\,li~hcd by the ElIot 
In.1j'l Cllwpllny, from the ~UlTlly loy Capt. ~lort~l.oy lind Lieut. 
Powell. '['hp 8urfaec of the Tet'f. which drie~ lit low Imler, is 
""'l'rClientod loy {\ ,' ippled ~mf"co with amlill ct08e~8: the coral
l~lt\.jj on the reof n"" m~rked by ~mall linul' uMtippJed ~pacca, on 
whidl /I. rew cocoo-nut trees, out nf 1111 proportion 100 largo. ba,'" 
llfilu iutroduood for tb" (jako of elelllneu. The entire IlIt.uJar ow/, 
... hieh · ... hen IJIlJ'rounding all open UJWlD" of 'II1I11!.f, ("mu liD '110011,' 
and when 'urf'Ounding 0110 01' rno", higb ;.Iand., formJl an CD

ril"C'lill8 • LarritJ'oreef,' luu! & nI~8rly uniform ttrtld.urt. and h"" been 
tinted, in order to eatch the eyll, 0/ a pale bllUl to{OII", The ~f& 
ill IOI1Ifl of tbe origin"l lmrTCJ1I fl.n! repree<:oted merely I,y 8 single 
lille .ntb ct(IIMN, ao that their bNlIdth i. not. giren; 1 han hRd 
IlIcb ~f. eOgr.'lI·cd of the ..ndth u'DlIlly attaiued 1'1 cotlll·~b. I 
hue Dot thought it worth while to illt rodU('(l all tboac @mall aDd 
Ttl')' Ilumerou~ lC('f •• which occur within the lagoon. of mOl!t atolls 
and \\';Ihill the lagoon.ehllnneb of 1II010t bllrricN wfl, lind which 
~tnud either iHolnlW, Or arc attached to Iho elloree of thu red or 
land. At Perae U .. nhOti nonc of thij lagoon.reef. rise to the lunace 
of the water; " {u .... of th~m hal'C ~n inll'Oduced, and en! Ulerlcd 
\'1 plein dotted drdc.. A f~w of tbe df'Cp8t lOunding. liTe laid 
dowll ... ~thill I'ACb ~f; Ih~y artl ill flltbome, of liz Engliw fHt. 

Fi1!. 1.-y,)I'1)101l0, .ituated in the WfltfTIIl"llt of the S, PAcific; , .. kell 
from 'be IW'ny 1,1 <Alrt. DTrrille ill the .ddf"dabe; the lK"aie i8 t 
of III i~h to II. gt'<lgl"8pbieal mile; the I'<Iundingtr on the J!Oulbtm 
'ide or tbe i~lalld, namely from 30 to 40 fathom., aro ginn from 

a 
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the \'''yago of tb Che,.. Dillon; the othtl' 8Ouodinga a", laid <'IO ... D 
/'roHI the fDfVeJ by D'J;rTilte; height of the 'Hllllnit of the i~. 
],uMI ift 3,03Z flirt. The prin¢iJlllI IItUIIl <'Ietachod reefs "'ithin 
tbe lagoIIn·chllllntl btl".;> in Ihi. i.atan~ t-n repl'e$(:ulod. Tho 
IIOHth~m MO", of tho 4JIlIHt ig MrTOwly fringed by a nx'f; if th .. 
cu,ccra"cr had enmO<! Ihi~ Tfotf entirely round both i!l ... ndll, this 
f1gul"tl ,,'ould h"''I"e !lerl'od (by Ie/wing ouL in imOl.8inlltion tho bo.r· 
rirr-I"(l('!) lIS 11 pi ~p~imen of lin nbruptly·6id~.,j i~lllnd, sur· 
NUUQO..! by II r,x,f vr thll fringing clnlltl. 

rig. Z.-Hooouu, or Ro"l:o, in tho c..rolino A~hipetago; tahn from 
the IltiAa of tho \'oY"SO of tho AurolalJe, compiled frum the III"e)"8 
ot Capt.lim DU~rTI)y .nd n'Un·illo; leal. R of lin incll to a mito; 
tho drpth of tho immen., lagoon-like .~ ... ithin the rftf i. not 
known. 

l-1g. 3._n.\ln~ in the Socitty ,\ rchipelago; from the IIUIp given in 
thequartoodition of Cook's Finn \'oy-.ge, it i. prooobly notaoeu.rat41; 
_Ie R of an inch to a mile. 

Fig. 4.-lJ.uvr, or Hneu AruU. (or t....goon·.ielllnd), in tho JAw Archi. 
pelllgO; from the !ur~lIy by CAPt.. &«IIOY, R.N.; !:!Cale tu of ,u l inch 
to II milo; the lagoon iw chokf'd up with reef!. hut t,be iWeJ'''WI 
grcllk.t depth of about 20 fathumll, i~ ginn from thu publi~hed 
accouot of tho 'l"oyage. 

Fig. 6.-Rou.lIOL.l, in the Sociely Arehipelago; from the 8un-ey of 
Capt. Duperroy, ill the ~/.; _Ie 1 of all iDeb 10 a mil.; tho 
loOuooings in thi, ,"d the {olto1ring lIgure ha"e beell IIltered from 
Freoeh lIMIt. to Engli.h fAtholWl; height of high~t poiDt of th6 
i.laBd 4,026 feet. 

Fig. 6.-MAt:Rt"""' ill tho Sodety ANhipel"o,<>O; {rom tho 'utfOY by 
OIpt. Duperrey in Ihe (l:oqllille; _ 10 I of 1111 in~h to II milf; height 
of hind llbout 800 feet. 

fig. 7.-PUO}":l<II'RTII, or SK.~'''''· I NII:. in tho Carolino Arehipclago; from 
tho ~nrvoy by Admint Lutk:A; OCIlla t of lin inch to II mile. 

Fig. S.-OAMnin lsw..~DS, in tho lIOuthcrn p:!.rt of the Low Arehi
ptlllgO, from the lIurve.r by Capt, Boo.!hcy; SCIIlo i of an ineh to a 
mile; height of highest ieland, 1,216 {<.'elt; the ie\J,"dt II", IlUlTOUnded 
by uw~i'l"' and imogular 1'6tIf'; the reef on the lfOuth..,rn .ide b 
lultmergW. 

Fig. !).-PI<IWS 1b. ...... KOS .TOl.L (or hlgoon.isLand), io tho CbagoI group 
ill tho IoWao Ooeao; {rom th6 Iunoey by Cept. MOl\\!by and Liout.. 
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Po...-ell; HCalo t of au inth to" mile; not nearly all the !rnall eub· 
mtrgoo ret-fa ill the lagoon uo ffpro..ented; the annular reef 011 the 
ijOuthern ~id ... is tiublltergud. 

Fig:. 10.-~"o, or Gooos "TOI.l. (or lugoon·island). in th ... 1nuilln 
Oetau; from tho 6uITry by Capt .. Fi12Roy; &Cale! of all illch to II 
milo; the Jagooll ~outh of tho dou&<! line is vcry shallow, lind i~ left. 
ahuOtit bare at low ","ter; tbe p"rt north of wle line i. chok~)d up 
with irregular reefs. The nnlluwr ~f on the :;:".'V. Bido~~ bl'llk~n, 
anU blends int(, a ~bQll &Oud·bank, on which tile !I(la break>!. 

PLATE JJ. al rnd oj Volume. 

Fig. L-Gr""lT Cu..!.oos lli~K, in the Judi/III Ocean; tukeu from the 
.-un·oy Ly Capt. :illofOjjby lind Litut. Powcll ; ecal ... ;;'.; of lin inth to 
a milo (Mme scale as llogoltn, ill Plllw 1.); tho pa.u "'bieb are 
~hAdod, ",ill, Iho exccl,tion of two or throe i~lot.l! 011 tho 'lfll$t.ern and. 
Mrthern sides, do not ri8(l to lI'e 8urill(l8, i.>ut.llre.BubmergOO from 4 
1.0 10 fathoms; tho hllu.lu:l bouudooJ by WIt> doued. Iillelilie from 16 to 
20 f~thoms belleaW, Wte ~urflLCj!, ",ml 11.1'<> fvrmoo of ~d; tho eouU'al 
~P'1C(l is of mIld, aud from 30 to (i0 ftitb0Jll8 deep. 

Fig:. 2.-A ,·erti~al SC(ltiOIl,OIl the ~ilJIle 1ICIi11), in all E. allu W.lju(l 
ae~ tho Great Cbugos Balik, given for th~ >!lIke of nhibitiog more 
clearly il~ structure. 

l'"ig.3. )[R.'<culoorF "TO .... (or lagooll·i~lllnd), in tho ?tlal'llhall Arl;bi. 
pelago, northuu P.u:ific Ocoan; from KnlSen~tern'lI IItlas of the 
l'acilie; originally fiurre,-oo by Capt. Hag~mei..le:r. I!CUle II; of an 
ineh 10/1 mile, tbo depth .... ithin the b.SOOua iii unkno"·n. 

l-'ig. 4.- ,,"uuws MAUOOO JoTOtJ.., together with 1I0rsburgh atoll, in Ole 
)llIldivlI ,\rcbipel/lSo; fl'Q1D lhe 8Ul'\'oy loy Capt. )Ioresby aDd I,ient. 
Powell; scale it; of all ineb to ... mile; Lb(l "'bite Space8 ill the 
middle of tbe separato emlll1l'OOf~, boW. on tbo margill aud ill tbe 
mi(ldle pan, aro HlO!l.nt to repW8/Jnt lilLla lagOOllli; but it ,..,,~ found 
not poo;sible to distinguish them d~Ilrly !'rom tho &m"ll "'let.!, which 
hm'~ bc~n formed. on theae .!I/I..IQe smnll reet~; numy of tbe amllller 
reefj could not be inuodueed; the n.IIntic&l mark ( ... ) OYOf tho 
ligures 2~O lind 200 betwccn Mahlots Mtlhdoo snd H<=burgh at.)11 
sod Powell's bland, eigui6es that IOlindingi w~re nllt Obl.iooo at 
theee depths. 
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."ig. 6.-Kaw C.u.wOOl<IA" in the 1ffi'tnn I"'rt of the l'>I.eifle; from 
Knaell5wnl', all48, compiled from ~YHUI.ur\"fyl; I han .lightly 
alteted the IlOrthern point of the reef. in neCOI'tJllnoo with the Rtlll8 
or the \'oy"goof th\) .A4trda~. 10 Krll"lln8'ern·~ alIM, tbo reef i. 
repf(llIeotoo by II. .inglo line with ~~; I hayn for Iba ."Ir.~ of 
nniformity lidded an interior line; lM:ale Q of lin inch to • mile.. 

l'.ig. 6.-:illALDITA AllCJIll'lU..l.OO, in the lodiDn Oeoon; from the lJ\ln-ey 
by Capt. Mono-by lind Lieut. Powell; Kale lis of aD inch to II. mile. 

Tho principJee: on .... hieb Ihi, map it colouNd lire I'xplllinod in the 
bt-ginning of Chapt~r VI.; lIud lilt' lIuthoritiu for colouring e/lth 
portkulnr spot 11.10 dtt"iltd in tbo Appcudix. The !l8mes printed 
ill italks in the JodeJ; refu to tho Appendix. 
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TBE 

STRUCTURE Al'i'D DISTRIBUTIO~ 

o. 

CORAL - REEFS . 
• --

L.'\"'I'RODUCTION. 

TirE OTU},CT of this "olume is to (}e~('ribc from my own 
observation and tht: works of others, the ])rincipal 
kinds of coral-reefs, and to mtplain the origin of their 
peculiar forlDl;. I s!.mll not hero treat of tbe poly
pifers, which construct these vast works, except as 
to their distribution, and the conditions favourable 
to their vigorous growth . 

Without any distinct inu-ntion to classify coral
reef,;, most voyagers h:\Ve spoken of them under tbe 
following heads: 'lagoon-islands' or 'atolls,' , barrier' 
or ' encircli ng reef8,' and' fringing' or 'shore recfs.' 
The lagoon-islands have received much the most atten
tion; and it is not surprising, for overy one must be 
struck with astonishment, when be first beholds oDe of 

n 
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these vast rings of eoral-rock, often many leagues in 
diameter, here and there surmounted by a low verdant 
island with dazzling white shores, bathed on the out
side by the fuaming breakers of the (){''ean, and on the 
inside surrounding a calm expanse of water, which, 
from reflection, is generally of a brigbt but p..'lle green 
colour. The naturalist will f~l this astonishment 
more doeply after having examined the soft and almost 
gelatinous bodies of these apparently insignificant 
cornl-polypifcTS, and when be knows that the solid rccf 
increa.';;cs only on the outer edge, which day and night 

No. I. 

is lashed by the breakers of an ('cean never at 
rest. Well did Francoil:l Pyrard de Laval, in the 
year 1605, exclaim, I Cest une merucille do voil' 
chacun de ces at-ollom, enuirOllne d'un grand bune de 
pierre tout autonr, n'y ayant point d'artifice hmnain.' 
Th e above sketch of Whitsunday Island, ill the 

S. l>acific, taken from Capt. .Hcecbey's admirable 
Voyaf.,rc, although excellent of itl; kind, gives but a 
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faint idea of the singular aspect of one of these 
Ingoon·j !>lands. Whi tsunday Island is of ~mall size, 
and tho whole circle has been converted into land, 
which is a comparatively rare circumstance. As the 
reef of a. lagoon-island generally supports many &epa· 

rJ.te small islands, the word' island,' applied to the 
whole, is often the ca.use of confusion; bence I have 
invariably used in this "oIume the term' atoll,' which 
is the nmnn given to these circular coral formatit>ns by 

their inhabitant! in the Indian Ocean, and is syn
onymous with' lagoon-island.' 

Barrier reefs, when enci rcling small islands, have 
been comparntively little noticed by voyagers j but 

No.2. 

they well de8Crve attention . In their structure they 
arc little less marvellous than atolls, and they give a. 
singnlar and most pictlll'csque character to the scenery 
of the islands tbey surround. In the accompanying 
sketch, taken from the Voyage of the Coquille, the reef 
is soon from within, from one of the high peaks of Bo-

• 2 
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I:lOO1a,1 one of the Society Island!;'. Here, as in Whit~ 
sunday Island, the whole of that part of the reef which 
i~ ,'isible is coO\'crted into land . 'Ibis is a circum
~tancc of rare occurrence; more usually a. snow-white 
line of great breakers, with hero and there an islet 
crowned by cocoa-nut tree!', aep.uates tll0 smooth 
waters of the lagoon-like chaimcl from the waves of 
the open sea. The b.'l.rricr rc<:ftS of Australia and of 
New Caledonia, owing to tbeir enorUlons dimensioll!', 
have excited much attention : in structure and fonn 
thl'y resemble those encircling many of the smaller 
islands in the Pacific Ocean. 

With respect to fringing. or shore rcef$, there is 
little in their stfllcture which needs explanation; and 
their name expresses tbeir com p:lratively small ex
tension . 'f hey differ from barrier reef:! in not lying 
far from the shore, and in not having within them a 
broad channel of deep ",-nter. Reefs also occur around 
I:!ubmcrged banks of sediment and of wom...rlown rock; 
and olhcrs arc scattered quite irregularly where the 
@ea hi very shallow ; these nrc allied in most respect>! 
to fr inging reefs, but arc of comparatively litUe 
interest. 

I have given II. sepnrate chapter to each of the 
above classes) and have described some one reef 01' 

idand, on which I possessed most information, as 
typical; aud have afterward:! compared it wiLh others 
of a like kind. Although this classification is nseful 

, I h".~ IlIbn Ihll li~y of .Jimplit:ring tbe roroground, aod learing 
~\n II IUODulaino\18 island in the far d.i.I.oo~. 
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from being obvious.! and from indllding most of tlie 
coral-re-efs existing in the open sea! it admits of a more 
funda.mental division into barrier and atoll-fanned 
reefs on the ono hand, where there is a great apparent 
difficulty with respect to the founda.lion on which they 
mllst first have g rown; 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 III.) 
represent this maiu division, as explained in the be
ginning of the wt chapter. In thc Appendix, cycry 
existing coral-reef, except some on the coast of Brazil 
not induded in the map, is briefly described in goo
grapllical order, as fllr as I possessed information; and 
nny particular spot may be found by consulting the 
Index. 

Several theories ha.ve been ad''llnced to explain the 
origin of atolls or la~ .. oon-islands, but scarcely one to 
account for barrier-reefs. From the limited depths at 
wldeh reef-building polypifers can flourish, taken into 
consideration with certain otber circumstances, we are 
compelled to conclude, as it will be seen, that both in 
atolls and barricr-reefs, the foundation to which the 
coral was primarily attached, has subsided; and that 
during this downward movement, the reefs have grown 
upwards. This conclusion, it will be further >leco, 
explains most satisfactorily, the outline and general 
form of atolls and barrier-reefs, and likewise certain 
peculiarities in their structure. The distribution, also. 
of the different kinds of coml-reefs, and their posiHon 
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with relation to the areas of recent elevation, and to 
the point!! subject to \'olC.'lnic eruptions, fully accord 
wilh this theory of their origin.' 

I A briff IIttOUD~ of my vieon 00 coral (or:nations, now publi5hed 
in my Jour"," of ne-1'I!h('~,"aII ft!lId May 31, 183;, before the Geo· 
Jugie><1 Society, aud an ab.t.rnct. haa IIppeared in tho Proo::eediuglI. 
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CHAPTER I. 

ATOLLS OR LAGOO~HSI.A}''DS. 

SECTION )"lRST, JU:l:LlNG ATOLL. 

Ctlr-al," Ilf (!Ij/" ""uyi_Zotte of !'uJlipor_F.ztnior rtt'1-IJ~t_ 
CIWtlI-<Otf9Wm~rtJ/_1As--CDlcaffl)" •• «iinltllt-Scari (llfd Hal,,
tl ... ,.;~ ."Im'Hing 011 ror"41,-ClulIIgt. i,. tA, cmfdiliqn of tA~ 'rU/~ and 
i~el_Praabl •• ub$id~ 0/11., a/rAt-FqtuNI 'I/ll~ of Ike lagWII . 

KEET.lKG or Cocos atoll is ~ituat.ed in the Indian Ocean, 
in 12° 5' S. and long. 90° 55' E. : a reduced clmrt. of i t 
from the survey of Capt. FitzRoy and the officers of 
H.M.S. Hcagle, is given in Plate I. fig. 10. The 
greatest width of this atoll is nine miles and a half. 
Tts structure is in most respects characteristic of the 
class to wb ich it belongs, with the exception of the 
shallowncn of the lagoon. The accompanying wood 

cut (:\'"0.3) represents a vertical section, supposed to be 
drJ.wn at low water from tho outer coast ncroS!! one of 
the low islets (one being tHken of a.\"er~"e dimen8..ions) 
to within the lagoon . The section is true to the scale 
in a horb:ootal line, but it could not be made 1;0 in a 
vertical one, as the I\\'cragf> grcawot height of the land 
is only between six and t\ve\vo foot nbovc high-water 
mark. I will describe tho se<:tion, commencing with 
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the ,outer margin. But I mnst fi rst obsen 'c that the 
reef-building polypifcrs. Dot being t idal animals, requi re 

to be coost.autly submer<b'cd or washed by tho breakers. 

I was assured by Mr. Lie!>k, au intell igent resident 00 
these islands, all well as by some chiefs at Tahiti (Ota
heitc), that an cxposnre to the rays of the sun fo r a vcry 

l'fo.3. 

A-Lowl of tho 8NI, lit 10'11' Wftl"r: ,,"heM tho Joller A ill platOd, tho 
d epth i~ 26 f"thom~. lind tho d'.lAnce rathe:r more t1'l\n 1,)0 Yllrde from 
the oog<l of tho reef. 

B-Ollter edge of thnl HRt pn:rt of the rwf, ",bieh driOll lit 10 .... 
water: tha edge pither ooWli~le of 8. convex mouud, all ~pl'l)lj('nud, or 
of ruggod point.s, like thote a l ittlo farther seaward , Iwne::\th tho wllter. 

C-A flu of ooml·roek. oovelVd on high Ir.ltcr . 
D -A 10 .... projectiog ltdge of hrecdated eoml·roclr:, WlLI!hod by the 

WJ\'re6 at bigh wilier. 
E--A elope Qf I~ fragment'!. l'elleh!'d by tht _ only d uring 

gale!': lhe upper I*rt, wbich ;$ from ~i ", to h '-ei re f~t hi!l:h, i~ e\olh!'d 
with T<"/I;~tAt'on. The surface of the islet gently slopes to the bgoon. 

F--J.eTcl or the IIIgOOII Ilt 10'" II'li ter. 

short t ime ill\'ariably causes their destruction. Hence 
it is possible only under the most favourable circum
stances, afforded by an unusually low tide aud smooth 
water, to reach the outer margin, wbere the coral is 
alive. I succcerled only twice in hraining this part, and 
found it almost entirely composed of n lh'ing Pori te8, 
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which forms great irregularly rounded masses (like 
those of an Astrala, but larger) from four to eight feet 
broad, and little less i n thickness. These mounds, are 
separated from each other by narrow crooked channel8, 

about six feet deep, most of which intersc'Ct the line of 
rf'ef at right angles. On the furthest mound, which I 

was ahle to reach by the aid of a leaping-pole, and over 
which the sea broke with some violence, although the 

day was quite calm and the tide low, the polypifers in 
the uppermost cells were all dead, but between three 
and four inches lower do,\"n on its side they were living, 
and formed a projecting border round the upper and 
dead surface. The coral being thus checked in its up
ward growth, extends laterally, and hence most of the 
masses, e~pecially those a little further in",'ards, had 
I)road flat dead I!ummih. On the other hand I could 

see, during the recoil of the breakers, that a few yards 
further seaward, the whole convex surface of the Porites 
was alive: so tllat the point where we were standing 
was almost on the exact upward and shoreward limit of 

existence of those coraL; which form the outer margin 
of the reef. ", e shaH presently see that tIl ere are other 

organic productiowl, fitkd to bear a somewhat longer 
exposure to the air and sun. 

Next, but much inferior in importancc to the 

P orites, is the Millepora compianata. l It grows in 
thick vertical plates, intersecting each other at varions 

I This lUiliepora, (ralmipora of Bhinyilk) 88 well a" the.il[, alei
tor11is, JlO".p •• e~ the singular property of stinging the skin whcro it is 
ddkato, as on the face and arm. 
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angles, and forms an exceedingly strong honey-combed 
ma~s, which generally assume8 a circular form, the 
marginal plates alone being ali\'e. Between these plates 
and in the protected crcNices on the reef, a multitude 
of brancbing zoophytes and other productions flourish, 
but the Porites and Millepora alone seelU 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 c\'ery part of this reef, and likewise with that of 
North Keeling atoll, assured me that these corals in
"ariably compose the outer mar~n . The lagoon is in
habited by quite a distinct set of corals, generally brittle 
and thinly branched; but a l'arites, apparently of the 
same species with that on the outside, is found there, 
nlt.hough it does not seem to thrive, and certainly does 
not attain the thousandth part in bulk of the masses 
opposed to the breakers. 

The wood-cut (No. 3) shows the form of the bottom 
outside the reef: the water deepens very gradually 
for a space of between one and two hundred yards 
wide, to a depth of 25 fathoms (A in section), beyond 
which the sides plunge into the unfathomable ocean 
at an angle of 45°. ' '1'0 t.he depth of ten or twch'e 

I The l!Quudiog~ f!'(lID which thifi section i~ laid down woro mken 
with great CanJ 1), Cn.ptl,in FiflRoy himself: he u$C\l .. ~11'81l1\p<ld 

lead. 11Il~ing B diameter of {onr inoh~~, .. od the armio!P' cucb time wer.. 
Ollt off Ilnd b .... U{lht ou i)()llrd {or run to oxaruioe. The arminS' is f]. 

r .... p" ... ti-:o of taUow, plueo.! in th'! coornvity nt the bottom of the 
IMd. &od,lIud even @mBIl fnlfrllentH of rock will adhcro h' it; Rod 
if tne bottoUl 116 of rock, it brillgllllp an nxact impre8!ion of it' bllrfaee. 
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fathoms, !.he 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 
invariahly came up quite clean, btlt deeply indented, 
and chains and anchors which were lowered, in tIle 
hopes of te.'l.ring up the coral, were broken . lIlany 
small fragments, however, of Mill.epol"a alcWol'ni8 
were brought up; and on tho arming from an eight
fathom cast, there was a perfect impression of an 
A~tl"..ca, apparently alive. I examined the rolled 
fragments cast on !.be beach during gales, in order fur
ther to 3seert.'l.in what corals grew outsido the reef. 
The fragments consisted of many kinds, of which t.he 
1101'ites alrcady mentioned and a l\ladrepora, apparently 
the M. CO'I7Jrnbosa, were tile most abundant. All I 
searclled in vain in tbe 110110WII on the reef and in the 
lngoon, for a. Ii "iog specimen of this Madrepore, I con
clude that it is confined to a zone outside, and beneath 
tho surface, wbere it mllst be very abundant. Frag
ments of tbe .A.lilwpom alcicomu and of an Astrrea 
were also ntunerotls; the former is found, but not in 
proportionate numbers, in the hollows on the reef; but 
the .'\ stra;oa I did not sec living. Hence we may infer, 
that these arc the kinds of coral which form the rugged 
sloping IIw'faee (represented in the wood-cut by an 
nnevcn line) round and bcnea!.h tho external margin. 
Between 12 and 20 fathoms the arming came up an 
equal number of times smoothed with sand, and in
dented with coml : an anchor and lead wero lo:;t at the 
respective depths of 13 and 16 fathoms. Out of 
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twent.y-fixc soundings taken at a greater depth than 
20 fathoms, everyone shewed that the bottom was 
covered with sand; whereas at a less depth than 
12 fathoms., every sounding shewed that it was 
exceedingly rugged, and free from all extraneous 
particle~. Two s01ll1dings were obtained at tIle 
depth of 3uO fathoms, and several between 200 and 
300 fathoms. The sand brought up from these depths 
consisted of finely tritnrated fragments of stony zoo
phytes, but not, as far as I could distinguish, of a par
ticle of any lamclliform genus : fragmenh of shells 
were rare. 

At a distance of 2,200 yards from the breake~, Cap
tain FitzHoy found no bottom with aline 7,200 feet in 
length; hence the submarine slope of this coral forma
tion is steeper than that of any volcanic cone. Off the 
mouth of the lagoon, and li kewise off tho northern 
point of the atoll, where the currents net violently, the 
inclination, owing to the accumulation of sediment, is 
less. As the arming of the lead from all the greater 
depths sllOwed a smooth sanely bottom, I at fi!'st con
cluded that the whole consisted of a vast conical pile of 
c:J.lcarcous sand, but the sudden incrca..ce of depth at 
some poinU!, and the fact of the line having been cut, 
when bet.ween 500 and 600 fathoms were out, indicates 
the probable existence of submarine cliffs of rock. 

On the margin of the reef, close within the line 
where the upper surface of the Porites and of the 
)[illepora is dead, three specics of Nullipora flourish. 
One grows in thin sheets, like a lichen on old trees; tbe 
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second in stony knobs, a.~ thick as a man's fing-pr, 
rndiatir,g from a common ccntre; and the third, which 
is less common, in a. moss-like reticulation of thin, but 
perfectly rigid branches. l T he three species occur 
either separately or mingled together; and they form 

by their succcssi\'e growth a layer two or three feet in 
thickness, which in !>orne cases is hard, but where formed 

of the lichtm-like kind, readily yields au impl'ession to 
the hammer : the sl11'fo.ce is of a rcddish colour. These 
Nullipora', allhougb able to exist abo\'c the limit of 

true comb, seem to requirc to be bathed during the 
greater part of each tide by breaking water, for they are 
not found in any abundance in the protected hollows on 
the back part of the reef, 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 simplicity, for the Nulliporre undoubt

edly belong to one of the lowest clas;;cs of the vegetahle 
kingdom, shonld be limited to a zone so peculiarly cir
cumstanced. Hellce the layer composed by tllCir growth, 

merely fringes the roof for a space of about 20 yard~ in 
width, either under the form of Ilepamte mammillated 
projections, where the outer ma..sses of coral are separate, 

or more commonly, where the corals are united into a 
solid margin, all a continuous smooth convex mound 

, This la.st Bpecips ia of fI beautiful bright pooch.LloM!K)lli colour. I!~ 
bmncheo .. "" about WI thick ILJ! Cl'Ow-quill~; th~y are tilightly t1a.tt..)uoct 
lIud ku"Lbod at th~ pxtremitic.. The p"rremil;u only ...... llli.-e 1In,1 
Lrightlyeoloul'f'd. The two othpr speci"" are of 11 dirt,. purpli.h 1I'hi!~. 
The ff'<"Oml Spo"ciflll is Wltn-mely hRrd; its ~hort. knob-lih brnnchHILI'tI 
cylindriCDI, !l.Dd do not gTOw thid.cr at their u!rI'miLi ... 
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(R in wood·cut) like an artificial breakwater. BotL 

the monnd find mammillated projectioll8 stand about 
three feet higher than any other part of the reef, by 

which term I do not include the islet.s, formed by the 

accumulation of rolled fragments. ·We shall llereafter 

Sf!C that other cOI'a1 reefs are protected by a similar 

th ick growth of Nulliporm on the outer margin, the part 
mo~t exposed to the breaker~, and this mu~t effectually 

aid in preserving it from being worn down. 
The wood-cut (at p. 8) represents a section across 

one of the islets on the reef, but if all that p:lrt which 
is above the level of G were removed, the section 
would be that of the reef, as it occurs where Ldets 
have not been formed . It is this reef which essen
tially forms the atoll. In Keeling atoll the ring 
encloses the lagoon on all ~ides except at the northern 

end, where there are two open spaces, through one 
of which ships can enter. The reef varies in widLh 

from 250 to 500 yards; its surface is level, or very 
slightly inclined towards the lagoon, and at high-ti de 
the sea breaks ~tirely over it: the water at low tide 

tbrown by the breaker~ on the reef, is carried by the 
many narrow and shoal gullies or channels on its S1l1'

face, into the lagoon : a return stream sets out of the 
lagoon through the main entrance. The most frequent 

coral in t he hollows on the reef is Pocillopora 'l,.·er
r'Uoosa, which grow~ in short sinuous platl's, or branches, 
and when alive is of a beautiful pale lake-red: a 
Madl'epora, closely aliiI'd or identical with ).lI.pocillijem, 
is also comlllon. As soon as an islet is formed, and the 

waves are prevcnted from breaking entirely over tlle 
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reef, the channels and hollows become filled lip with 
fragments cemented together by calcareous matter; and 
t.bo surface of the rcef is converted into a hard smooth 
800T (0 of wood-cut), like ati artificial one of free
stone. This Hat surface varies in width from 100 to 
200, or even 300 yards, and is strewed with <l few largo 
fragments of coral torn up during gales: it is uncovered 
only at low water. I could witb difficulty, and only 
by the aid of a chisel procure chips of rock from 
its surface, and thereforo could not ascertaiu how 
milch of it is formed by the aggrl\:,ooatioll of detritus, 
and how much by the outward growth of mounds of 
corals, similar to those now living on the margin. No
thing can be more singular than the appearance at low 
tide of this' flat' of naked stone, especially where it is 
externally bounded by the smooth convex mo\md of 
Nulliponc, appearing like a bl'eakwatcr built to resist 
the waves, which arc c.onstantlythrowillg over it sheets 
of foaming water. The characteristic appearance of 
this' flat' is shown in the foregoing wood-cut of Whit.
sunday Atoll. 

The islets on the reef uro first formed between 200 
and 300 yards from its outer edge, through ll~e accu
mulat.ion of a. pile of fragments, thrown together by 
some unusually strong gale. Tbeir ordinary width is 
onder a quarter of a mile, and their length varies from 
u few yards to several miles. Those all tbe S.E. and 
windward sidc of the atoll, increase solely by the addi
tion of fragments on their onter side; hence the loose 
blocks of coral, of which their surface is composed, as 
well as the shclls mingled with them, almo!!t cxolu-
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sively consist of those kinds which live on the Quter 
coast. The highest pmt of the islets (excepting bil
locks of blown sand, some of which arc 30 feet high), is 
close to tbe outer beach (E of the wood-cut) and ayer

ages from six t(l ten feet above ordinary high-water 
water. From the outer beach the surface slopes gently 

to the shores of the lagoon; and this slope no doubt 
is due to the breakers, the fUTtller they have rolled 

over the reef, having had less power to throw up 
fragments. Tho little waves of the lagoon heap up 
Mnd and fragments of thinly-branched corals on the 

inner side of the islets on the leeward side of the atoll; 
and these islet.s arc broader than those to windward, 
some heing evon 800 yards in width; but the land thus 

added is very low. The fragments beneath the snrf:lce 
arc cemented into a solid mass, which is e.xposed as a 

ledge (D of the wood·cut), projecting some yards in 

front of the outer shore, and from two to four feet high. 
This Jedge is just reached by the wa\'es at ordinary 

high·water; it extends in front of all the islets, and 
everywhere has a water-worn and scooped appearance. 

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.wakr tend to remove and gradually wear them 

down; but the lower fragments are firmly cemented 
together by percolated ealcarcou~ matter, and they resist 
the daily tides longer than the loose upper fragments; 

and thus a projecting ledge is fonned. The cemented 
mass is generally of a white colour, but in some few 
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parts rcddi5h from ferruginous mntkr: it. is very hard' 
and sonorous under t.he hammer: it is obscurely divided 
by seams, dipping at a small ~llg1e seaward: it consif<ts 
of fragments of tbe corals which grow on the outer 
margin, some quite and others partially rounded, some 
small and othen between two and thrau feet across; amI 
of masses of previously formed oonglomerate, torn up, 
rounded, and receOlented: or it consists of a calcareous 
sand;;tone, entirely composed of rounded particles 
of shells, corals, the !lpines of cehini, and other organic 
bodies generally almost blended together ;-rocks, 
of this latter kind, occur on many shores, wllere there 
are no coral-reef>:!. The struoture of the cornl in the 
conglomerate has generally been muoh obscured by the 
infiltration of spn.thoso. calcareous matter; and r col
lected un interesting series, beginning with fmgmeuts 
of unaltered cor.d, and ending with others, where it was 
impossiLle to discover with tbe naked eyo any trace of 
organic structure. Tn Ilome specimens 1 was unable, 
even with tbe aid of a l(>ni, and by wetting them, to 
distinguish the Loundarie!i of the altered coral and 
8patbose limestone. :'\[uny even of the blocks of coral 
lying loose on the beaeb, had their central parts altered 
and infiltrated. 

The lagoon :llone remains to be descrihed; it is 
much shallower than that of most atolls of considerable 
size. The southern part is almost filled up with banks 
of mud and fields of conti, both dead and alive; hut 
there arc considerable spaces, from three to four 
fathoms, and smaller basins from eigbt to ten fathoms 

C 
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deep. Probably aoont half its area consists of sedi
ment, and half of coral-reefs. The oornIs composing 
these reefs have n Ycry different aspect from those on 
the outside: they arc numerous in kind, and most 

of them arc thinly branched. Mcalldrilla, however, 

lives in the lagoon, and many great rounded masses 
of this coral lie loose or almost loose on the bottom. 
The other most common species arc three closely 
allied species of true l\1adrcpora with thin branches; 
Serutlapora 8ubttlala; two species of Porites I with 

cylindrical branches, one of which forms circular clumps, 
with only the exterior branches alive; and lastly, a. 
coral something liko an Expl:maria, hut with star;; on 

both surfaces, growing in thill, brittle, stony, foliaceous 
expansions, especially in the deeper basins of the 
lagoon. The reefs on which these corals grow are 

very irregular in form, are full of c.'\.vities, and have 
not a. solid flat surface of dead rock, like that slIfJ'ound

ing the lagoon; nor can they be nearly so hard, for 
the inhabitant~ hy the aid of crowbars made a channel 

of considerable length through these reefs, in which a 
schooner, built on the S.E. islet, was floated out. It is 
a very interesting circumstance, pointed out to us by 
1\1r. Liesk, that this channel, allhough made less than 

ten years hefore our visit, was thon, as we saw, almost 
choked up with living coral, so tIl at fresh excavations 

' This ront"" hall 8om()"bllt lh ~ habit, of P. claea";", hnt thll 
branl'hOlillre not knobbl>d lit th~ir trld~. When nli\"() it i~ nf Ii yellow 
colour. but lifter hllving Ixoen "Wft~boo in frCllh WilIer aud piort-d IJ) dry, 
ajct.blaek slimy ~uNtllnOO ~l[udoo (rom ths entil'$ ~nrfac ... ,!!O that th~ 
Bpeeimen now appl'" .. iI's r..I' if it bad been <.lipped in ink. 
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would be absolutely necessary to allow another vcssel 

to pass through it. 

The sediment from the deepest parts in the lagoon, 

when wet, appeared chalky, but when dry, like very fine 

sand. Large soft ballks 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,although discoloured by\"egetable matter, 

appears from its entire solution in acids to be purely 

calcareous. I have seen in the Museum of the Geolo

gical Society, a similar but more remarkable substance, 

brought hy Lieut. Nelson fmm the reefs of Bermuda, 
which, when shewn to several experienced geologist~, 

was mist:lken by them for true chalk. On tbe outside 

of the reef much sediment must be formed by the action 

of the surf on the rolled fragments of coral; but, in tIle 

calm warers of the lagoon, this can take place only in a 

small degree. There are, however, otller and unex

pected agents at work here: large shoals of two species 

of Scarus, one inhabiting the surf outside the reef and 

the other the lagoon, subsist entirely, as I was assured 

by Mr. Liesk, the intelligent resident hefore referred lo, 

by browsing on the living polypifcrs. I opened several 

of lbese fish, which are wry llUmerOU8 and of con

siderable size, and I found their intestines distended 

by small pieces of coral, and finely ground calcareons 

matter. 'l'his must daily pass from them as the finest 

sediment; much also must be produced by the infinitely 

llumerous vermiform and molluscous animals which 

make cuYities in almost every block of coral. Dr. J. 
02 
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Allan of Forms, who has cnjolyNI the best means of 
obsermtion, inform!> me in alcUer, that the lIolutuurire 
(u. family of Radiata). subsist on living coral; and the 
8ingular structure of bone withiu the anterior extremity 
of their iH,dies, certainly appears well adapted for this 
purpose. The Dumber of the species of Holutbuda. 
and of the individuals which swarm 011 every part of 
the!\O coral-reefs, is extraordinarily great; and many 
~bip.londs nrc, as is well known, annually freighted 
tor China with trepang, which is a species of this 
~nus. The amouut of coral yearly consumed, and 
g round down into the finest mm.!, hy these severnl crea.
tures, and probably by many other kinds, must be 
immense. The~c facts ar(', howc\'er, of wore importance 
in another point of view, as showing us tbat there nre 
living checks to the growth of coral-roofs, and that tllC 
almost universal law of ' aonsumc and to consumed,' 
holds good even with the polypifcrs forming those 
massive bulwarks, which are able to wit.hstand the force 
of the open ocean. 

Considering t1U\t Keeling atoll, like other coml for
mations, has been entirely formed by the growth of 
organic beings, and the accumulation of their detritus, 
one is JJaturally led to enquire, how IOllg it has eon
t,inued, and how long it is likely to continue, in it.s 
pre:lent state. )Ir. Liesk informed me tbat he had 
f>eCO an old chart in which t,he present long island on 
the S.E. side was dh'idcd by sc\'cral channels into as 
many islet.s; and he assures me that the channels can 
still be distinguished by the smaller size of the trees 
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on t.hem. On several il;lcts, al~o, I ob~crv('d that ouly 
yonng cocoa-nut trees were growing 011 the extremitie~, 
and that older and taller trees rose in regular succession 
behind them: which shows that. t.hese islets have very 
latdy increased in length . In the upper and SOUtIl

eastern part of the lagoon, I was much surprised hy 
finding an irregular field of at Ic;u;t a mile squa re of 
branching corals, ~till upright, but entil'ely dead. They 
consisted of lhe species already mentioned; they were 
of a brown coloW", and so rotten, that in trying to 
stand Oil them, I sank half way up the leg, al; if 

throllgh dccayl..od brushwood. '1'he tops of the branches 
were bluely covered by water at the time of lowest tide. 
Se~'eral facts having led me to disbelieve in any elevll
tion of the whole at.oll, I was at first unable to imagine 
what cause could have killed so large a field of coral. 
Upon reflection, however, it appeared to me t.hat the 
closing up of the above mentioned channels would be 
a sufficient cause ; for beforo this, a strong breeze by 
forcing water through them into tile head of the 
l:lgoon, would tend to raise its level. But now this 
canoot happen, and the inhubit.ants 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 formcr condition of tiling'll, had at
tained the utmost possible limit of upward growth, 
would thus occasionally be exposed for a short time to 
the sun , nnd be killed. 

Besides the increase of dry land. indicated by the 
foregoing facts, the exterior solid recf appears to have 
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grown outwards. On the western side of t.he atoll, the 
, fla~' lying between the margin of the reef and ~hc 
heach, is very wide: and in front of the reb'1llar bench 
with its conglomcrate basis, there is, ill most l)flrts, a 

bed of sand and loose fragments \vith trees growing 
out of it, which apparently is not reached e'·en by the 
spray at high water. It is evident sOllie change has 

takcn place sine{: the w:wcs formed the inner beach: 
tl1a~ they formerly heat against it \vith violence was 
evident, from a remarkably thick and water-worn point 
of conglomerate at one spot, now protected by vegeta

tion and a. b.:1.nk of sand; that they beat against it in 
t he snme peculiar manner in which thc swell from 

windward now oLliquely curls round the margin of the 
reef, was evidpnt from tho conglomerate hlwing bren 

worn into a point projecting from the beach in a simi
larly oblique manner. This retreat in the line of 

action of the breakers may have resulted, either from 
the surface of the recf in front of tho islets having 

formerly been submerged, and afterwnrds haying bef'll 

raised by accumulated fragment~, or from the mounds 
of coral on the margin having grown outwards. Thut 
an outward growth of this part is in proce;:s, can 

hardly be doubted from the cxisteoce of thc mounds 

of Porites with their summits apparcntly lately killed, 
and their sidcH onI.v three or four inclles lower down 
thickened by a frCl'h layer of living coral. But there 

is a difficulty in this supposition which I mllst not 
p.'~s ov~r. If the wholc, or a large part of the' fiat,' 
bad been formed by the outward growth of the margin, 
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cach successive margin would nahlrnlly have been 
coated by the N ulli porre, and so much of the surfac~ 
would bave been of equal height with the existing zone 
of living' Nulliporro : this is not the case, as may be 

sccn in the wood-cut. It is, however, evidcnt from 

tho abraded state of the' fiat,' with its original ine
qualities filled up, that its surface has been much 

modified; and it is possiblo that tho inner portions ()f 
tbo zone of ~ulliporre, perishing as tho coef grows out
wards, might be worn down by the surf. If this has 

not taken place, tho reef can in no part have inoreased 
out\Xards in breadth since ita formation, or at IcaBt 
since the Kulliporro formed the com'ex; mOlmd on its 

margin: for the zone thus formed, and whicb stands 
betwccn two and three feet abo\'e tlle other parts of 
the reef, is nowhere much abo\'e twenty )"J.rds in 

width. 
Thus far we have considered facts, which indicate,. 

with Illore or Ie'll! probability, an increase in tho 

diameter of the atoll j hut there arc others having an 
oppo!tite tendency. On the S.E. side, Lieut. Sulivan, 
to whose kindness I :un indebted for mUlIY interesting 

obscn'ations, found the conglomemte (D, in wood cut) 
projecting on lhe reef n~arly fifty yards in front of 
tho islets: we may infer from wnat we elsewhere see 

that tbe conglomerate was not originally so much 
cxpoS<'d, but formed the base of an islet, the front and 

IlJl)X'r p:ut of which ]m.!! since been s\\,<']lt away. The 
degree to which tho couglomerate, round nearly tbo 
wbole atoll, bas been IiCOOped, broken up, and the frag-
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meots cast on the bench, is certainly ,-ery surprising, 
oven on the view that it is the office of occasional gales 
to pile up fragments, and of the daily tides to weBf 

them away. On the western side, also, of the atoll, 
where I bave I1c~cribed a bed of sand and fragments 
with trees growing out of it, in front of un old beach, 
it struck both Licut. Slllivan and myself, from the 
manner in which the trees were being washed down, 
that tho surf bad lately recommenced an attack on this 
line of coast. Appearances indicating a slight en
croachment of the water on the land, are plainer within 
tbe lagoon: I noticed in severnl places, both on ita 

windward and leeward shores, old cocoa-nut treel! 
falling with their roots undermined, 811d the rotten 
IItumps of others on the beach, w\lcrc the inhabihUlts 
a~nred lIS the <'OCQ.'l.-nut could not now grow. Capt. 
FitzRoy pointed out to me, near tho set.tlement, the 
foundation posts of a shed, DOW washed by every tide, 
Lut which tho inhabit.'l.nt6 stnted, had seven yanni 
before stood abO\fc high water· mark. In the calm 
watars of the lagoon, d ireetly connected with a great, 
and therefore stable ocean, it seems \'pry improbable 
that a change in the currents, sufficiently great to 
cause the water to eat into the land on all sides., should 
have taken ph~ce within a limited period. From these 
consideration!! I inferred, that probauly t,he atnil had 
lately subsided to a small amount; and this inference 
wall strengthened by the circumst.'l.nce, that in 1834, 
two years before our visit, the island had been shaken 
by a. severe earthquake, and by two slighter ones during 
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the ten previous years. 
disturbances, the atoll 

If, during these subterranean 
did subside, the downward 

mo\'ement must have been very sm:ll1, all we mu!!t con
clude from the fields of dead coral still Ii pping the 
surface of the lagoon, and from the breakers on the 

• 
w('stern shore not having yet regained the line of their 
former action. The subsidence must, :lIso, have been 
prcceded by a long period of rest, during which the 
islets extended to their present si?e, and the living 
margin of l.he reef grew either upwards, or as 1 believo 
outwards, to its present distl'lOce from the beach. 

Whether this view be correct or not, tbe above 
facts are worthy of attention, as showing hO\v severe a 
struggle is in progre~s 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 undisturbed, we can see that tbe islets 
may still extend in lenb<th; but as they cannot resist 
the surf until it is broken by rolling over a wide space, 
their increase in breadth must depend on the in
creasing breadth of the reef ; and thi~ mu~t be limited 
by the stcepne!!s of the submarine flanks, which can be 
added to only by sediment dcrived from the wear and 
tear of the coral. From tbe rapid growth of tbe coral 
in the channel cut for the schooner, and h·ow the 
several agents at work in producing fine sediment, it 
might be thought that the lagoon would nccessarily 
becomo qtlic~ly filled up. Some of this sediment, 
however, is transported into the open sen, as appears 
from the soundings off the mouth of the lagoon, in-
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stead of being deposited within it. ']'he deposition, 
moreover, of sediment, checks tuc growt.h of coral reefs, 
so that. these two agencies cannot act togetller with full 
effect in filling up the lagoon. We know 80 little of 

tl1~ habits of the many different species of corals, which 
form the lagoon-reefs, that we have no more reason for 
supposing that their whole surface would grow up as 

quickly as the coral did in the schooller-channel, thall 
for supposing that the wholo surface of a peat-moss 
would increase as quickly as p.uts arc known to do in 

holes, where the peat has been cnt away. These 
agencies, nevertheless, tend to fIJI up the lagoon; hut 
ill proportion as it becomes shallower, so mnst the 
polypifers be subject to many injurious agencies, snch 
as impure water and loss of food. For instance, )1r. 
Liesk iuformed me, that some years before our visit 

unusually heavy rain killed nearly all the fisll in the 
lagoon, and probably the same cause would likewise 

injure the corals. The reefs also, it must be remem
bered, cannot possibly risc ahove the level of the 
lowcst spring-tide, so that the final conversion of the 

lngoon into land mnst be due to the accumulation of 
sediment: and in the midst of the clear water of the 

ocean, and with no surronnding 11igh land, this process 
must be exceedingly slow. 
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Gl"III"I'aljorln a~d 8i::~ of atcll~, thrir '~f~ and ililtl~_&ICNla18Iopt---
z'm~ of ;Nu/l,prme-Co"y/om.crafe-J)eplh 0/ lag()()II4-&dim~nt
Rulli lubnu:rged 1I."!wll.v ()-r in part-lJrel!cI~~ in th~ r« f-Ledgt!
j(JrlJU::d 8lwru round certain l.lflO</ns-CQ!!wrliion of la!JOOn~ infQ land. 

r WILL here give a sketch of the general form ul!d 
strllcture of the many atolls and atoll-formed r~fs 

which occur ill the Pacific and Indian oceans, compar
ing them with Keeling atoll. The Maldiva atoHs and 

the Great Chagos Bank ditTer in so many re!>pects, that 
I shall devote to them, besides occ:lsional references, a 
third section of this chaptet. Keeling atoll may be 
comidered as of moderate dimen,sions and of rehrular 
form. Of the thirty-two islands surveyed by Capt. 
Beechey in the Low Archipelago, the longest was fuund 
to be thirty miles, and the shortest les8 than a mile j 
hut Yliegen atoll, situated in aJlOther part of the !l.'J.mc 
group, appears to be sixty miles long and twenty broad. 
)[ost of the atolls in this group are of an f'longated 
form j th us Bow Island is thirty miles in length, and 

on an average only six in width (See Fig. 4, I'lata I.), 
and Clermont Tonncrc bas nearly the same proportions. 
]n the Marshall Archipelago (the Hulick and lla.dack 

gronp of Kotzebue) several of the atoll!! are more than 
tuirty miles in lenb-rth, and Himsky Korsacoff is fifty
four long, and twenty wide at the broadest part of its 
irregular outlinc. Most of the atolls in the Maldiva 
Archipelago are of great size, one of them {which, how-
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ever, bears a double name). measured in a medial and 
slightly curved line, IS no less than cighty-eight:. geo
graphical miles long, its 6'l'catest width being under 
twenty, and it.'1 least only nillo and a half miles. Some 

.atolls have spurs projecting from them; and in the 
)!arsball group there arc atolls united together by 

linear reefs, for instance Mcnchioff I~land (See Fig. 3, 
Plate IT.), which is sixty miles in length, and consists 
of three loops tied together. In far the greater Dum

ber of cases an atoll consists of a simple elongated ring, 
with its outline moderately regular. 

'fut) average width of the annular reff may be taken 

at about a quarter of a mile. Capt. Beedley I says 
that in the atolls of the J .. ow Arcllipelago it exceeded 
in no instance half a mile. The description given of 

the structure and proportional dimensions of the reef 
and islands of Keeling atoll, appear,; to apply perfedly 

to nearly all tbe atolls in the Pacific and Indian 
oceans. The isleta are first formed some way back 
either on the projccting point.s of the reef, especially if 
its form be angular, or on the sides of the main cn

trances into fhe lagoon-that is in both cases, on points 
where the hreakers can act during gales of wind in 
somewhat different directions, so tImt the matter 

thrown up from one a,ide may accumulate agaill8t that 
before thrown up from another. In Lutke's chart of 
the Caroline atolls, we see many instances of tIle fanner 

case; and tlle occurrence of il':lcts, as if placed for 

beacons, on the llOints where there is a gateway or 

, Jleeehets Voyago 10 the raciflc and JleeringO~ Strnils, elmfo "iii. 
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breach through the reef, has been noticed by scvt:'ml 
authors. There are some atoll-formed ree(~, rising to 
the snrface of the sea and partly dry at low water, on 
which frOIll some cause islets hfwe never been formed; 
and t.here are others, on which they have been formei!, 

b11t have subsequently heen worn away. In aLolls of 

~man dimensions the islets frequently become Ilnitt'd 
into a single horse-shoe or ring-formed strip; bnt 

Diego Garcia, although an at.oll of considerable size, 
being thirteen miles aud a half in lengt.h, IHls its 
lagoon entirely surrounded, except at the northern end, 
by a belt of land, ou an a\-erage a third of a mile in 
width. To show how small the t.otal afea of the annu
lar reef and the land is in islands of this class, I may 

quote a remark from the voyage of Llltk6, namely. that. 
if the forty-three rings, or atolls, in the Caroline Archi

pelago, were put one within anothef, and over a steeple 
in the centre of St. petersburg, the whole would not 
cover that city and its suburbs. 

The form of t.he bottom, as given by Captain 
Reeelley in his sections of the atolls ill the Low 

Archipelago, exactly COillcides with that already de
scribed ill Keeling atoll : it gradually slopes to about 

twenty fathom~, nt the distance of between one and 
two hundred yards from the edge of the reef, and 
then plungeil at an angle of 45° into unfathomable 

depths. 1 'l.'he nature, however, of the bottom ~eems 

I Tho sl01X' (If the bottom round the l\ra.r~hllll atolls in th" Northern 
Plltifie is probably ~imi1.u: Kotzebue (First Voyage, T01. ii. lJ.16) 
o;ay~, 'Wo had Il.t /I. SW3.11 di~tanoo from the roef. forty f"thoms depth, 
which increaii>d /I, little further 80 much th,,~ we could find no bottom.' 
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to differ, for this officer I informs me that all Ute 

sounding's, e\'cn the deepest, were Oll coral, but he 
does not know whether dead or alive. The slope 
round Christmas atoll (Lat. 1° 4' N., 1570 45'W.). dc
sl,:ribed by COOk,2 is considerably less; at about half 
a mile fro m the edge of the reef, the llveragc depth was 
about fourteen fathoms on R. fine sandy hottom, and at 
a mile, only betwccn twenty and forty fathoms. It has 
no doubt been owing to this gentle slope, that the strip 
of land surrounding its lagoon, has increased in one 
part to the extraordinary width of three miles; it is 
formed of !;uccessive ridges of broken shells and corals, 
like those on the heach. I know of no other instance 

of such width in tho reef of an atoll; but Mr. F. D. 
Bennett informs me that the inclination of the bottom 

round Caroline atoll in the Pacific, is Jike that off 
Christmall i8land, very genlle. OfT the .Maldiva find 

Chagos atolls, the inclination is milch more abfllpt; 
thus at Heawandoo Pholo, Lieut. Powell' found 50 tlnd 

60 fathoms close to the edge of the reef, and at 300 
yards distance there was no bot~om with a 300 yard 
line. Capt. Moresby informs me, that at 100 fathoms 

from tile mouth of the lagoon of Diego Garcia he found 
no bottom with 150 fathoms: this is the more remark-

, I mu~t be ~rmltted to ""prIm my oblig.1tion to Captain lleechoy. 
for the nlry kind mnoner in whieh he hlLll gi~tn mo informKtioD On 
86~cml points, nnn to own tho Sre3t !l8~i~tance 1 h8.\'o deril"ed fNlm hi. 
""eeU~nt pubhohed 'I\'ork, 

• Cook's Third Voytlgf'. 1"01. ii, chllp, 10. 
I This (det ;s taken from II ]lIS. !IO('OUDt of these groups lent me by 

Capt> MOffilby, SP.o also CApt. NoroobY'8 JI'lpcr 011 tho MllldifS 8tolls 
in tbo GeogrnphieaJ Journ,l, \'01. \" p. ~Ol. 
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able, as the slope is generally less abrupt in front of 
channcb through a reef, owing to the accumulation of 
sediment. At Egmont bland, also, at 150 fathoms 
from the reef, soundings ,vere struck with 150 fathoms. 
Lastly, at Cardoo atoll, only sixty yards from the reef, 
no bottom was obtained, as I am informed by Captain 
)Iorcsby, with a line of two hundred fathoms! Thc 
currents run with great force round these atolis, and 
where they are strongest, the inclination appears to be 
most abrupt. I am informed by the same authority, 
that wherever soundings were ob~ined otf these 
islands, the boltom was invariably snndy : nor was ther~ 
nuy re.'lSOn to suspect the exisl;cnce of submarine cliffs, 
as there was at Kccling Island. l H ere then occurs a. 
difficulty;-cno sand accumulate on a slope, which, in 
some cases, appears to exceed fifty-fh-e degrees? It 
must be observed, that I speak of slopcs wllere sound
ings were obtained, and not of such cases, as that of 
Cardeo, where the nature of the bottom is unknown, 
and where its inclination must be nearly "erticn!. M. 
£lie de Beaumont' has argued, and there is no higber 
authority on this subject, from the inclination at which 
snow slides down in avalanches, that a bed of sand or 

, Oft' !lOme of tho ntolls in tho Lo-w ,\ rehipclngo the bottom nJ1jJe111r8 
to deflC<:ud \'Y ledgte. Oft' Elimooh Llh,ud, which con"i<u of raillC<l 
Mral-rock. Capt. Beech¢)' (I" H;. qu'~rto ffi.) dcscrib<Js thr~~ ledges: thtl 
first slop~~ g~ntly from tho bt(ICh to K di.'lalleO of "bout fifty YRTd~; 
the 6<oC()ud extend! two hundnxl y1lrd8 with a depth of twenty·live 
IlllholUlI, find then ends ahruptly_ like Ih" til'llt; aud immediatdy 
boyoo(\ thiB there is 110 bottom ,,·illl two hundred {,,{hOlUB • 

• M~moi ...... pour act"ir iI uno dellCriptioo OCoJog. de Frau«'. tome 
iI·. p. 216. 

The Com lete Work of Charles Darwin Online 



3' ATOT.L.." ex. Y. 

mud cannot be formed at a greater angle than tbirty 
degrecs. Considering the number of soundings on 
~and, obtained round the Maldiva and Chagos atolls, 
which appear to indicate n grenter angle, and tho ('x
tremc abruptllt'!\iI of the sand-banks in the West Indies 
as will be mentioned in the Appendix, I must conclude 
that the adhesh'e property of wet saud connteracta ita 
gravity, in a much grenter ratio tban lans been allowed 
for by 111. Blio de Beaumont. From the facility with 
which catc:uoous S:\ud becomes agglutinated, it is not 
ueccs..~ry to suppose that the bed of loose sand is thick. 

Capt. Beechey btl$ observed, that tho submarine 
slope is much less at. tbe edremities of the more 
elongated atolls in the Low Archipelago, than at their 
si<lcs; in speaking of Ducic'" Island he Bny" I the 
buttress, llS it may be called, which' has the most 
powerful enemy (t1w S.W. swell) to opposc, is carried 
out much further, and with ICI;8 abruptne£S, Ulan the 
other.' In some c.'UlCS, the less inclination of a cert:lin 
1>",rt of the oxternal slope, for iust-mce of tbe northern 
cdremities of the (.wo Kccling ntolh~, is cnu,;ed by :\ 
pre\'ailillg current which there accmnulates a bed of 
sand. Wbere the water is perfectly (.mnquil, as within 
a lagoon, the reefs generally grow lip perpendiculnrly, 
and somntimca even overhang their bases: on lhe 
other hand, on the loownrd side of :Mnuritius, where 
the water is generalJy tranquil although not invariably 
80, the reef iii vcry gently inclined. Hence it appears 
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tllat tho exterior angle is much yaried. We can, 
however, discern the effects of uniform laws in the 
close similarity in form between the sections of Keel~ 
ing atoll and of the atolls in the LQw Arcl..dpeiago, 

-in the general steepness of the reefs of the )Ialdiva 
and Chagos atolls,-and in the perpendicularity of 
those rising out of water always tranquil; but from 
the complex action of tho surf and currents on the 
growing powers of the coral and on the deposition 
of sediment, we can by no means follow out all the 
results. 

Wbere islets have been formed on the reef, that 
parl which I have called the I Bat: and which is partly 
dry at low water, appean simihu· in every :ttolt. In 
the ) farsltall group in the N. Pacific, it may be 
inferred from Chami~so's dcscription, tllUt the reef, 
where islets Lave not been fot·med on it, slopes gently 
from the external margin to the shores of the la
goon: Hinderll st...'\tes that the Australian barrier has 
a similar inclinatiou iuw3rds, and I have no doubt 
it is of general occurrence, although, according to 
Ehrenherg, the reefs of the Red Sea offer an exception . 
ClJamis~o observes that' the red colour of the reef (at 
the )farshall atolls) under the breakers is caused by a 
Nullipara, whieh coven! the Atone wherever the waves 
beat; and, under favourable circumstanccs, assumcs a 
stnlactitical form,'-a description perfectly applicable 
t~ the margin of Keeling atoll.! Although Chami!lSO 

'Kotzebue·. FiI'llL Voyage, 1'01. iii. p. 142. Near Porto Praya. in 
tbe Cape de \'eN blande, IIOme bMllltie rock.., lashed by no illOOD8ider. 

" 
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does not state that tho mas.<;cs of Nullipor:c form 
• point-l! or a mound, higher than the fiat, yet I belic\'e 

that t.his is the case; for Kotzebue,' in another part, 
speaks of the rocks on the edge of the reef' as visible 
for about two feet at low-water,' and these rocks wo 
may feel certain arc not formed of true cornl.:l 
Whether a smooth convex mound of Nulliporre, like 
that which appears as jf artificially constructed to 
protect the margin of Keeling Island, is of frequent 
oocurrence round atolls, I know not; but we shall 
presently meet with it under precisely the snme form, 
on the outer edge of tbo' barrier reef!!' which encircle 
the Society Islands. 

There appear!! to be scarcely a feature in the 
structure of Keeling reef, which is not of common, if 

not of universal occurrence, in other atolls. Thus 

.. hlel'urf, \I'('ro oompl(ltl'ly on'l'eloped ,.;Ill ft layer of NuJliJl'Ol'll. nil 
cu,lro surl_ O\'crmany 5CjUIU'C incbtt. ""1110 colour«! of a pea.eb.I>!QIiI3Om 
Nd; tho byer. bowev~r. WIllI ef no ,::t'Ntcr thkku{'$S than p3.Jl'f'I'. 

Auother kind. in the fOTffi of projeeting knob.:!. grn .... in Ih(l 5flnlfl .itu.a· 
lion. ThUle Nnllipor:ll R!'fI dOMly I\'h,,«\ to (bOill delll!ribW Ill} the 
()(lrnl·~f~. but I believe "!'fief di1f~ftnt ~p«ies. 

I KOt%ebuf'·. }'~t Yoy~. \'01. ii. p. 10. I,leut. ~c\l!On, in hi, (IX' 
cdlcut memoir in th~ OOOlogiC3\ n..!UlaCtion~ (vol. ii. p. 106), nlludell 
to tho t-ocky poiutll mentioned by Kotzcbue. 'IUd iuf<:t8 th"t thoy eon~i~t 
or Scrpulre, .... hleh ()(lmp<l'l\ inerustiuA" ma~_ on tb.., T'Ilefrl of lkrmnun" 
'U' they likewi>'(l do on " f!/IDd~tooe-bu.r oft' the COI:U!t of IlrJ~il, II~ de
If<lribOO. by me ill tbfl London Phil. Journal. Oct. 1841. I hnl'O added 
my dell<:ription 11ft a ~horl ~upplemeDt to the pfftCnt voJum~. ThtllO 
nUUJSeII of !:$erpul!l'" hold U,e flUme poIIition. rdRlively to tha /\etion of 
tho!!ro. with th& ~llllipol".e Oil the CQI"f\I ·~r8 in tbe bdi .... n IiDd Pllcillo 
oee!IDS • 

• Capt. MO'''.'l>by. in his '1'31l1li01& p.'ptr • On the Northern Atoll. of 
lIaldh'1l8' (G«'S"I"!II'Liul Journal, vol. v.), MY"8 that tbe edgtll of tb& 
I"OOf8 thCI'C 1\1100. above "inlIer at 10 ... • .priug tid("& 
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Chamisso describes I a layer of coarse conglomerate, 
ontaide the islets round tho Mar8hall atolls, which 

'appears on its upper surface uneven and eaten 
away.' From drawings with a})pended rcmarks, of 
Diego Garcia in the Chagos grOllp and of several of 

the .J\[aldiva. atolls, shown me by Captain Morc~by,2 it 
is evident that tueir outer coasts are subject to the 

same round of decny and renovation as those of 

Keeling atoll. From the description of the atolls in 
the Low Archipelago, given in Captain B(.'(!Chey's 
Voyage, it is not apparent that any congiomel"'dtc 
coral-rock was there observed. 

']'he lagoon in Keeling atoll is shallow : in the 

atolls of the Low Archipelago the depth varies from 20 
to 38 fathoms, and in the },larshall Group~ according 
to Chamisso, from 30 to 35: in the Caroline atolls it 
is only a little less. Within the nTaldiva atolls there 

are large spaces with 45 fathoms. and some soundings 
are laid down at 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 insensibly, that it is c\'ident that no other 
meanR excepting aqueous deposition, could bavc 
levclled tho surface so equally. In the Ma\diva. atolls 

this is very conspicuous, and likewise in sOIne of the 
Caroline and Marshall Islands. In the former, large 

spaces consist of sand and 80ft clay ; and Kotzebue 

'h':ot?.ebuo·s First. '·oyoge. TO!. iii. p. HI. 
t &-0 lliso Moresby Oll tho ~ofthern '\tolb of tho MaldiTM, Geogrt\. 

phii,l81 Journal, \'01. \'. p .... 00. . 

D 2 
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speaks of clay having been found within one of tho 
:,\larilhall atolls. ~o doubt this clay is calcareous mud, 
similar to that at Keeling bland, and to that at. Ber
muda already referred to, as tmdistinguishablc from 
disintegrated chalk, and which Lieut. Nelson says is 
called there pipe-clay.' 

" 'hero t.he waves act with unequal force on the 
two sides of an at(lU, the islets appear to be first 
formed, and are generally of greater lenb~b on the more 
ezposed sbore. The islets, also, wbich arc placed 
to leeward as regards the trade-wind, are in most 
}X'rtll of the Pacific liable to be occasionally swept 
entirely away by gales, equalling hurricanes in vio
lence, which blow in the' oppooitc direction. The 
:1.bsencc (If islets on tIle leeward side of atolls, or, 
when present, their lesser dimensions compared with 
tbose to windward. is :1 comparntiYely lmimport:mt 
fact; but it is remarkable tbat in several instances 
the reef itself, although retaining its l1 S111l1 defined 
outline, does not riso to the surface by several fathoms 
on the leeward side. This is the case with the 
ooutbem side of Pcros &lllhOli (Plate I . 6g. 9) in the 

' 1 way 1.10", obiler\'e thllt (ltI thu eonllt of BI':\~I, wheN th~n) ie 
mnch Corlli. th0 8ollnding~ nMf tllu lnnd pre d~ih"" by Atlmiml 
Uo\u,,,in. iu lbe Pilot!, du lirMI. ~e .ilicooU8 Il ... vd. ruingled Wilh milch 
fin('ly comruinut.ed partirle.$ of $ll~ll~ lind «mil. FUr1hcr in thll offing. 
fo»' a fIJlfIGD of 1,300 mil'" aloujt Il,c co.~til. rrom dlo Abrolhoe i8lalld~ to 
?!Itlf'IIuli1'lm, the bottom in IIlftny pt.w:c~ ;s oomposOO. of 'Iuf hialle, 
mH& ou formll do mlld~J'ON'I' I,royh-' n,ie wbite eulmal-. prob6My 
i, IInliiogoUII to thAt which ()('CII"" "'jtMn tho lllbo1'o-mOIlI;ollod lagoon.; 
it ie liOmctime-. 3«Ording 10 ,noUAin, firm. \1.00 be eomp3le.i iL 10 

murta.f. 
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Cbagos group, with Mourilcll atoll I in UIC Caroline 
Archipelago, and with the b.urier reef (Plate 1. fig. 8) 
of the Gambier Islands, whcre Captain Beecbey was 
fil1lt led to observe t.he peculiarity in question. At 
Peros Banhos tho submcrged part is nine miles in 
length, and lies at an average depth of about. 
five fathoms; its surface is nelnly level, and consists 
of hard stone with a thin covering of loose sand. 
There is scarcely any living coral on it, oven on the 
outer margin, as 1 have been particularly assured by 
Captain Moresby: it is, in fact, a wall of dead corol-rock, 
haying the same widt.h and transverse II(.-etion with the 
reef in its ordinary state, of which it is a continuous 
portion. The liv ing and perfect parts terminate 
abruptly, and fl.but on tIle submerged portions, in 
the same mamler as occurs where tbere i8 a passage 
through the f(,lef'. The reef to leeward in other cases ill 
nearly or quite obliterated, and one side of tbe lagoon 
is lcft open; for instance, at Oulleay (Caroline Archi
pelago). where a crescent-formed reef is fronted by an 
irregular bank, Oil which the other Jlalf 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 tira,t bank, with from 20 to 2,5 
fathoms of water on it; for a length of more than 40 
miles on its Bouthern side it is open and without any 
reef, whilst on the other sides it is bonnded by a reet~ in 

I Fnde-rie LutkJ.o'II VOyll~ nutou\" du Monde, vol. ii. p. 291. Stu 
nbo his acoonnt of l'illUl0!10Ulto, nt pp. 97 nnd l05, (lnd the chart of 
Oulleay in the Atlu. 
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parts rising to the surface and perfectly cbnractcris-oo, 
ill po.rts lying some fathoms submcrged. Tn the Chngos 
gronp there are annular reefs cnlirely submerged, which 
have the same structure as the submerged and defined 
portions just described . Tbc Speaker's Bank ofters f\.ll 

excellent example of this structure; its central expansc, 
which is about. 22 fathoms deep, is 24 miles across; the 
external rim is of the lIsual width of annular reefs, and 
is wcll..defincd; it lies between six and eight fathoms 
beneath the surface, and at the same depth there are 
scattered knolls in the lagoon. Captain )lorcsby believes 
that the rim eonsist.q of dead rock thinly covered with 
sand, and he is certain that this is tbe case with the 
external rim of the Great Chagos Dank, which is also 
e~~(,lltially a submerged atoll. In botll tllcse case~, as in 
the 1mbmergcd portion of tl1e reef at Peros Baohos, Capt . 

..lloresby feels sure t.hat the quantity of living coral, 
even on the outer edgo overhanging the deep-sea. water, 
is quite insignificant. T..:1Stly, in se\'ernl parts of the 
Vacifie and Indian Oceans there arc bauks, lying at 
greater depths than in the cases just mentioned, of the 
t!lIme form and size with the neighbouring atoll.;;, but 
wit h their atoll-likE'< structure wholly obliterated. It 
appears from the survey of Freycinct, tllat there lire 
banks of this kind in the Caroline Archipelago. and, as 

.i.<; reported, in the Low Archipelago. When we discuss 
~be origin of the different classes of coral formations, 
IVC shall see that the submerged stat.e of the whole of 

rome atoll-formed reef.'!, lind of portions of others 

generally but not invariably on the leeward side, and 
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tbe existence of more deeply submerged banks now 
posse~~ing little or no signs of their origillal atoll~like 
structure, arc probably the effects of a uniform cause,
namely, the death of the eornl, during tho subsidence of 
the area, in which the atolls or banks are situated. 

There arc seldom (with tho exception of the Maldiva 
atolls), more than two or three channels, and gene-rally 
only one leading into tho lagoon, of sufficient depth for 
11 ship to enter. In small atolls, there is usually not 
m'ell one. "'here there is deep water, for inslance 
nlxwe 20 fathoms, in tbe middle of the laf,'''OOn, the 
channels through the reef are seldom as deep as the 
centrc,-it may be said that the rim only of the saueer
shaped hollow forming tllO lagoon i ~ notched. Si r C. 
Lyell l Las observed that the growth of tlw coral would 
tend to obstruct all the channela through a reef, except 
those kcpt open bydischargillg tllC water, which during 
high tide and the greater IXlTt of each ebb is thrown 
O\'cr a large portion of its circumference. Several facts 
indicate that a considerable quantity of sc?imcnt is 
likewise discha.rged through thf'l'Ie channelg : and 
Capulin ) IorclIhy has obsen'ed, during tbe change of 
the monsoon, that the Bel~ is discoloured to some dis
tance off t ile ent rances into the Maldi\'fl. and Chagos 
atoll~. Thill would probably check the growth of the 
coral in the clmnnels, far more effcetually than if they 
merely di~cbarged a current of water. Where there 
is not. any channcl, as in the case of many small atolls, 
these causcs h:we not prevented the enti re r ing Btlain-

I Principles of Ooology, \'01. iii. p. 289. 
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iug the surface. The channels, like the submerged and 
effaced parts of the reef, occur very generally, thougll 
not invariably on the leeward side of the atoll, or on 
that side, according to Beechey,1 which, from extending 
io the same direction witb the prevalent wind, is not 
fnlly ex.posed to it. Passages between the islets on 
the reef til rough which boats can pass at high-water, 
must not be confounded with ship-channels by which 
the annular reef itself is breacbed. 'r he passages 
between the idcUi occur, of course, on the windward 
as well as on the leeward side j but they are mOTO 

frequent and broader to leeward, owing to the lesser 
<limcmions of the islets 00 that side. 

At Keeling atoll the shores of the lagoon shelve 
gradually where the bottom is of sediment, and irrcgu
la.rly or abruptly whero there are coml reefs; but thi~ 
is by no mcans t.he u'liversal strudure in other atolls. 
Chamisso,' speaking in general terms of the lagoons in 
the Man;hall atolls, says the lead generally sinks' from 
a dept.h of two or three fathoms to twenty or twenty
four, and you may pursue a line in which on one side 
of the boat YOli may see the bottom, and on the other 
the azure-blue deep water.' The shores of the lagoon
like channel within the barrier-reef at Vanikoro have 
a similar structure. Captai n Beechey has descrihed a 
modification ofthis strncture (aod he belieyes it is not 
uncommon) in two atolls in t Ile l~ow Archipelago, in 
which the shores of the lagoon descend by a few broad, 

1 Beceh(ly8 VOyllge, 4to ed. rot i. p. 189, 
f Kotzebue', Firu VOYl.ge, \'01. iii. p. J.l2. 
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slighUy inclined ledges or steps: thus at Matilda. 
atoll,l the great exterior rcef~ the surface of which is 
gently inclined inwards, ends abruptly in a little 
submarine cliff tbrro fathoms deep; at its foot, a 
ledge 40 yards in width also slwlvcs gently in 
wards, like tlle surbce- recf, and terminates in a 
secoud littlo cliff five fatboms deep; beyond this, the 
bottom of the lagoon slopes to 20 fathoms, which 
is the average depth of ita centre. These ledges 
seem to be formed of coral rock; and Captain Boochey 
~'lys that the lead often descended several fathoms 
through holes in them. In somo atolls, all the coral 
reefs or knolls in the lagoon fitOme to the surface at 
low-water; in other cases of rarer occurrence, all 
lie at nearly the same depth beneath it, but most 
frequently they are quite irregular-some with per
pendicular, some with sloping sides-ilome rising 
to the surfat..'c, and others lying at all intermediate 
dcpths from the bottom upwards. I cannot, there-
fore, suppow that tho union of such reefs could pro
duce even one uniformly sloping ledge, and much 
less two or three one beneath the other, and each ter
minated by an abrupt wall. At Matilda I sland, which 
offers the best example of the step-like structure, 
Captain Beechey observes that the coral knolls within 
the lagoon are quite irregular in their height. We 

, Thleehoy's Voyagtl, 4to ed. voJ. i. p. 180. At Whit~und:ly btnod 
tho bottom of the lHgoon ~loJW3 gmdu",lly tow,,!'ds tho C<lotN, "nd then 
deepeus ~uddonly, tJ,e edge of ti,e oonk being noorly llOrpeoditular. 
Thisl!ank i~ formed of conti and dood shells. 
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shall hereafter sec that the theory which accounts for 
the ordiuury form of l\tolls. apparently includes this 
occasional peculiarity in their structure. 

I n the midst of a group of atolls, there sometimes 
occur small, flat, very low j~laud~ of coral formation, 
which probably once inoluded a lagoon, since filled 
up with sediment and coral-reefs. Captain Beechey 
entertains no dOlLbt that this has been the C,lSC with 
the two small islands, which alone of thirt.y-one sur
yeyed by him in the low Archipelago, did not con
tain lagoons. Romanzoff bland (in lat. 150 s.) is 
described by ChamissoJ as forlOed by a dam of madrc

podtic rock inclosing· a Hilt space, thinly covered with 
trees, into which the sea on the leeward side occasion
ally breaks. North Keeling atQll appears to be in a 
rat·her less forward stage of conyersion into land: it 
consists of a horse-shoe shaped strip of land surround ing 
:.~ muddy flat, one mile in its longest axis, which is 
covered by the sea only Ilt high-water. When de
!'eribing South Keeling atoll, I endeavoured tQ show 
how Il low the final process of filling lip a lagoon must 
ho; nevertheless, as all causes do tend to produce this 
effect, it is very remarkable that not ono instance, as I 
believe, is known of a moderately sized lagoon being 

filled up even to the low-water liue at llpriug-tides. 
much less of such a one being com"erted into land . It 
ill, lik(:wise, in some degree remarkable, how few atolls, 
escept [<mull ones, are surrounded by a single linear 

'Kotzebue', FiNt Yoyage, vol. iii. p. 221. 
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strip of land formed by the union of bCparnte i~lets, 

We cannot suppose that the many awlll1 in the Pacific 
and Indian oceans all have had a late origin, and yet. 
IIlIould th~y remain at their present. Ic\'eI, subjected 
only to the action of the sea and to the growing powe~ 
of tho coral, during as many centuries as must have 
elapsed since any of the earlier tertiary epoch!.', it can
not, I think, be doubted that. their lagoons and tbe 
i~lets on their ~f, would present. a totally different 
Slppcamncc from what they now do, This con~idera
tion leads to the suspicion that lSOme agency (namely, 
subsidence) comC6 into play at intcf\'als, and renovates 
their original struct.ure. 

8ECTJON TII [l\D. 

JJaldjl¥l .illdipt"'~"ifl!J./_td P-((/" .1I"!}i,,1I1 a"d cntlroJ-GrMI 
dry4i i" 1M 1fl5~ tV Ik "'III,"", /lJall_R",/, j" Ik /agrH1JU QJI 
rt4C'i Ik Rr/_lWiljq" if U/cU, alflll brt"~M' ill 1M rt([. riA 
rtijJtd III 1M prTWl(1tt tci..u 11M a(lj'm fJ/11w fnll'U-l)QlJ'1lCliMt 
tV itkl_ lldfJliott ill pOItjtifJft lid","" dUij"ct IIltlil. 7. flpptlrc'.d 
d~t1Il uf {a'!lf altlll._Tlt Grrot C40fl" Balfl:-lu ,iJ.,"'"!lflt 
t'tlllliilwlI alld utrGlmii,."ry flrMCIMrt. 

Al.""OUOU occasiooal rcferencellllnvc bePn made to tlle 
'faldinl. atolls and to tbc banks.in the Chagos group, 
some points of their st.ructure deserve further comi
deration, lIy description is derived from an c:'I.:ami
nation of the admirable charts lately published from 
the survey of Captain Moresby nnd Lieut, Powell, 
and more especially from information which Captain 
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Moresby has communicated to me in the kindest. 
m.anner. 

The Maldiva Archipelago is 4iO miles in length, 
wit.h an average breadth of about .50 miles.. 'l'he form 
and dimensions of the atolls, and their singular pos.i
tion in a double line, may be seen, though imperfectly, 
in the greatly reduced chart (fig. 6) in Plate n. The 
dimensions. of the longest atoll in the group (called by 
the double llame of Mi1la-dou-l'IIadou and Tilla-doll
)Iattc) ha,·c already been given; it is 88 mile9 in a 
medial and slightly curved line, and is less than 20 
miles in its broadest part. Suadi"a, also, is a noble 
atoll, being 44 miles across in one direction, and 34 in 
another, and the great included expanse of water has a 
depth of between 250 and 300 feet. The smaller atolls 
in this group differ in no respect from ordinary ones.; 
but the larger ones are remarkable from being brcncbed 
hy numerous dee~wat;er channels leading into the 
lagoon; for instance, there are 42 channels: through 
which a ship could enter the lagoon of Suadiva. In 
the three southern large atolls, the separate portions of 
reef "Letwccn these channels have the ordinary structure 
and arc linear; but in the oUler atolls, especially the 
northern ODCi', thcse portioos are ring-formed like 
miniature atolls. Other ring-formed ree& rise out of 
tho lagoons, in the plnce of those irregular oncs which 
ordinarily occur there. In the reduction of the chart 
of Mablos Mahdoo (Plate II. fig. 4), it was not found 
Cflsy to define the islets and the little lagoons within 
each reef, so that the ring-formed structure is very im-
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perfectly shown: in tIle large published charts of Tilla
dou-Matt.e, the appearance of these rings, from stand
ing further apart from each other, is very rcmarkable. 
The rings on the margin are generally elollgated; 
many of them are three, and some even five miles in 

diameter; those witbin tbe lagoon are usually smaller, 
few being morc than two miles across, and tbe greater 

number ratber less than one. The depth of tbe little 
lagoon within these small annular reeti> is generally from 

five to seven fatboms, but occasionally more; and in Ad 
atoll many of the central ones are twelve, and some 
even morc than twelve fatllOms deep. These rings rise 

abruptly from the pla.tfonn or bank on which they 
stand; their outer margins are invariably bordered by 
living coral,1 within which there is a flat surface of 
coral rock; on this flat, sand and fragments ha\'e in 
many cases accumulated and been converted into islets 

clothed with vegetation. They are indeed larger, and 
contain deeper lagoons than many true atolls standing 
in the open sea; and I can point out no essential 
difference between these little ring~formed reefs and 

the most perfect.ly characterised atolls, exoepting that 
they arc based on a shallow foundation, instead of on 
the floor of the ocean, and that instead of being 

scattered irregularly, tlley are grouped closely together 
with the marginal rings arranged in a rudely-formed 

circlc. 
The perfect series which can be traced from a linear 

I Captllin Moresby infonns me that .1(ilIl'j»I'a compianala is One of 
the commonest kinds on the cuter margin, a! it i! at Reding atell. 
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reef like that surrounding an ordinary atoll, to others 
which are ring-formed and much elongated uut con
taining only a very narrow' lagoon, to others which arc 
oval or almost circular, renders it probable tllat the 
latter are merely modifications of a linear and normal 
reef. The fact that the marginal annular r(.-ers 
generally have their longest axes directed in the line 
which t.he exterior linear reef would have beld, agrees 
with this view. We may also infer that the centml 

annular reefs arc modifications of those irregular ones, 
which arc found in the lagoons of all common atolls. 
It appears from the charts on a large scale, that the 

ring. like structure in these central reefs is con
tingent on the marginal channels 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 arc narrow or few in 

number, although the lagoon be of {,'I"eat size and 

depth (as in Suadiva), there are no ring-formed reefs ; 
whero the channels arc somewhat broader, the mar
ginal portions of reef, and elipecially those close to the 
large]· channels, are ring. formed, but the central ones 

are not 80; where they are broadest, almost every 
reef throughout the atoll is more or le~s perfectly ring
formed. Although their presence is thus cont ingent 

on the openness 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 

separate portions. 
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'fhe lagoons of all the atolls in the southern part of 
the Archipelago are from 10 to 20 fathoms deeper than 
those in the northern p..'l.rt. 1'his is well exemplified in 
the case of Addoo, the southernmost atoll in t.ho /:,'TOUP, 
for nlthough only 9 miles in its longestdiametcr, it has 
a depth of 39 fathoms, wherea.s all the other small atolls 
luwe comparatively shallow lagoons; I can assign no 
adequate cause for this difference in depth, excepting 
that the southern part of the Archipelago has subsided 
to a greater degree or at a quicker rate than the 
northern part: and this conclusion agrees well with the 
fact. that, in the Chagos group, lying 280 miJel:I still 
further southwards, most of the atolls are sunken and 
half destroyed with the dead corals. In the central and 
deepest part of the J\laldi va lagoollB, the bottom consists, 
as T am informed by Captain :;\-Iore;;by, of stiff clay (pro
bab\ya calcareous mud); nearer the border it consists 
of B:md, and in the channels through the reef, of hard 
sand-banks, sandstone, conglomerate rubhlr, and a little 
Ii ve coral. Close outside the roof the bottom is 
&'l.ndy. and slopes abrnptly into unfathomahle depths. 
In most lagoons the depth is considerably greater 
in the centre than in the channels; but in Tilla
dOll-Matte, wberc the marginal ring-formed r~f::l 

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 cannot refrain from once again 
remarking on tbe singular structure of these atolls, 
-a great sandy and generally concave disk rises 
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abruptly from the unfathomable ocean, with the central 
expame stuJdtld antI the margins symmetrically fringed 
with oval basins of coral-rock, just lipping the surface 
of the sea, sometimes clothed wit h vegetation, and each 

containing a little lake of clear salt water. 
In the southern .Maldiva lltolls, of which there are 

nine large ones, all the small reefl! within the lagoons 

come to the sll~ace, and are dry at low-water spring
tides; bence in navigating them there is no danger 
from submarine banks. This circumstance is very 

remarkable, as within some atolls, for illsta.nce those of 
the neighbouring Chagos group. not a single reef comes 
to the surface, and in most other cases a few only do, 

and the rest lie at all intermediate depths from tbe 
bottom upwa.rds. When treating of the growth of coral 
I shall again refer to this lOubject. 

Although in the neighbourhood of the Maldiva 

Archipelago the winds, during the monsoons, blow 
during nearly an equal time from opposite quarters, 

and although, as I am informed by Captain Moresby, 
the westerly winds arc the strongest, yet the islets arc 
almost all phtced on the eastern side of the northern 
atolls, and on the south--enstern side of the southern 

aoo11s. That the formation of the islets is due to 
detritus t.hrown up from the outside, as in the ordinary 

manner. and not from the interior of the lagoons, may, 
I think, be ;;afely inferred from sc\'eral considerations 
which it is bardly worth while to detail. As the easterly 

winds are not the strongest, their action prob:tbly is 
aided by some prevailing swell or current. 
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Tn groups of atolls exposed to the trade wind, the 
ship-chanDels into the lagoons art) almost always 
situnted on tbe leeward or less exposed side of the roof, 
and the reef itself is sometimes either wanting there, or 
is submerged. A striotly analogous, but different, fact 
may be obsen"ed at the iUaldiv3 atolls-namely, that 
where two atolls stand near toget.her, the breaches in 
the reef are most numerous on the sides whiQh faco each 
othel", and are therefore less exposed to the waves. Thus 
on tho sides of Ari and the two Nillandoo atolls whieh 
face S. Mule, Pbaloodoo, and Moloqne atolls, there are 
seventy-three deep-water channels, and only twenty-five 
on the outer sides; on t.he three lntwr-namod at-olls there 
are fifty-six openings on the Dear side, and only thirty
seven on the outsid,," It is scarcely possible to attri
bute this difference to any other cause tha.n the some-
wha.t different action of tho sea on tho two sides, \vhich 
would ensue from the mutual protection afforded 
by tbe two rows of atolls. I may hero remark that 
in mo~t cases, the conditions favow-able to the greater 
accumulation of fragments on the reof and to its 
wore perfect. contiuuit.y 011 one side of the atoll than 
on the other, have conow-red. but. thill hnll not been 
tbe case with the )!aldh'as; for we ha\'o seen that the 
islets arc placed on the eastern or south~tcrn sides, 
whilst the breaohes in tho reef occur indifferpntly OD 
any side where protected by an opposite atoll. The reef 
being more continuous on the outer and more exposed 
sides of those atolls which st:md ncar each other, accords 
with the fact, that the reef;; of the southern atolls are 

E 
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more continuous than those of the northern ones, for 
the former,s.!! I am informed by Captain :\Io~by, arc 
more constantly exposed to a beavy surf than are the 
northern atolls. 

Tile aate of the first formation of some of the islets 
in tbis Archipelago is known to the inhabitants; on the 
other hand, sc\'ernl islet"" and c,'en some of those which 
arc bclie\'ed to be very old, are now fast wearing away. 
The work of destruction has, in some instances, been 
completed in ten years. Captain iUoresby found on one 
'\\1ltcr-wasbed rcefthe marks of wells and graves, which 
werc eXcMatec:i wIleD it supported an islet. In South 
Nillandoo atoll, tho natives say that. three of the islets 
were formerly larger: in North Nill:mdoo there is onc 
now being washed away; and in tbj~ latter atoll J.icut. 
Prentice fonnd a reef, about six hundred yards in 
diamcter, which the nati\"C!I J>Osilh'ely affirmed was 
lately an island covered with cocoa~nut trees. It is now 
only partially dry at 10l'H\'ater spring tides, nnd is (in 
Lieut. Prentice's words) 'cntirely co\'ered with Ih'e 
coral and madrepore.' In the northern part, also, of 
the J'\Ialdi\'a Archipelago and in the Clmgos group, it is 
known that some of the islets arc disappearing. The 
nnt!,·cs attribute these effects to variations in the ' 
currents of the sea. For my own part I cannot avoid 
suspecting, that there must be somo further cause, which 
gives rise to such a cycle of change in tbe action oCtho 
currents of the great and open ocean. 

Several of the atolls in this Archipelago are so 
related to each othcr in form and position, that at the 
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first glance one is led to suspect tbat tb(>y hfLve 
originated in the dissevermcnt of a single one. )lal" 
consists of three perfectly characterised atolls, of which 
the shape mld relative pollition are such, that a 1il}(' 
drawn closely round nll three gives a symmetrical 
figure; but to see this, a larger chart is Tetjuin.'<i than 
that of tbe Arcbipelago in Plate II. '1'he ch:mueI 
sep.."lrating the two northern Miile atolls is only little 
more than a mile widC', fLnd no bottom was fonod in it 
with 100 fatholUs. l'owell's [sland is situated at. the 
distance of two miles and a-balf oft" the northern end 
of another atoll, namely )[ahl05 Mahdoo (fig. 4), at 
the e:tact point where the two sides of the laUer, 
if prolonged, wonld meet: no bottom, however, 
was found in the channel with 200 fathoms: in the 
wider channel between Horsburgh atoll and the southern 
end of Malllos l\{ahcioo, no bottom was fOllod with 
250 fathoms. In these cases, the relation consisto: 
only in the form and position of the atolls. Jiut 
in the chanllel between the two Nillandoo atolis, 
nlthough three miles ,md a-qnarter wide, soundings 
were struck at the depth of 200 falhoms: the channel 
between n oss and Ari atolls is four miles wide, aud only 
1.')0 fathoms deep. Here then we h;\\'e a submarine 
connection, besides 11 relation in po~ition and form . The 
fact of souudings having been oblained between two 
separate and perfectly characteri7.ed atolls is in itself 
intere~tillg, as it 11as never, l believe, been effected in 
any of the many other groups of atolls in the racifie 
and Indian sca:;. In continuing to traee the COIl -

, 2 

The Complete Work of Charles Darwin Online 



52 ATOl.~. Cu. I. 

ncction of adjoining atolls, if a basty glance be taken 
at the chart (fig. 4, Plate If.) of Mablos nhlldoo and 
the line of unfathomable water be followed, no one 
will h('sitat..e to consider it. as one atoll. Hut a second 
look will ahow that it is divided by a bifurcating 

channel, of whicb tho northern arm is about one mile 
and three-qun.rtcrs in width, with an average depth 

of 125 fathoms, and the sontllE"rn one three-quarters 
of a mile wide, and ruther less deep. Thcse channels 

re~emble in the ~lopc of their sides and general form, 
those which separate atolls in every respect distinct; 
and the northern ann is wider limn that di\·jdillg two 
of the ) HHe atolls. The ring~form(.'d reefs 011 the 
northern and southcrn sides of this bifurcating channel 
arc elongated, ilnd so continuons that the northern and 
southern portions of ),lahlos 1\1ahdoo may claim to 

be conRidcrod as distinct atolls. But the reefs of 
the intermediaro portion are leSii perfect, so that this 

l)()rtion hardly yet re!'Cmhle~ a distinct atoll . Mahlos 
Mahdoo, then·fore, is in e\'ery rcspect. in an intt'r
mediate condition, so that it. may be considered cither 

tlS a single atoll nearly disseveroo. int.() three porti.on~, 
or ns three atolls almo>:ct perfect and intiumtcly con
m~ct.ed . T his is an instance of a very carly stage of 

the apparent di!l.sc\'erlJlent .of an atoll , and another 
is exhibited at TiIla-doHmatte. In one part. of 
thit~ atoll, the ring-formed reef!:! staud ~o far lIpart 
from eaoh otber, that tbe inhabitant!! have given 

different name)! to the northern :"ind southern hah'CS: 
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llf'arly all lhe ringii., moreover, are so perf~ct, <lnd 
stnnd BO separate, and the space from which they rise 
is so level and unlike a true lagoon, that we can easily 
imagine the conversion of thia one great atoll, not into 
two or three portions, but into a whole group of 
miniature atolls. A series aucb as we hlwe here 
traced, impresses tbe mind with the idea of actual 
change; and it will hereafter be seen, that the theory 
of subsidence together with tIle upward growth of the 
coral-reefs, modified by accideuts of probable occur
rence, accounts for the occasional disseverment of large 
ntolls. 

'],be great Chagos Bank alone remains to be de.
scribed. In the Chagos group there Me some ordi
lutry atolls, some annular reeftl rising to the surface 
hut without any islets on them, and somc atoll-formed 
banks either quite or nearly submerged. Of the 
latter, the Great Chagos Bank is much tho largest, and 
differs in its structure from the others ; a plan of it 
is given in Plate II. fig. 1, in which, for tbe Silke of 
clearness, I hal'O had the parts under len fathoms d(."'<Ip 
finely shaded: an C<\St and west vertical section is given 
in fig. 2, in which the vertical scale has been neces
~'\ri ly exaggerated. Hs longest axis is ninety n.autical 
miles, and another line drawn across the broadest part. 
at right angles to the first , is seventy. The central 
part consi!;ts of a le,·el mnddy Bat between forty and 
fifty fat.homs deep, which is surrounded on all sides, 
with the exception (If some breaches, by the steep 
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edge!'! of a set of banks rudf'ly arrangcd in a circle. 
Thl"se bauk" con~i5t of sand with a \"cry little live 
coml; thcy vary in breadth from five to twelve milc~. 
aUlI on an average lie about sixteen fatilomH oc.ncath 
the surface; they arc borden .. 'Cl by tho sLeep edges of a 
third narrow and upper bank, which forms the rim to 

tho whole. 'fhis rim is about a mile in widtlJ, and with 

the e"ccption of two or three spots where islets have 
l'K'CU formed, is submerged between fh"c and ten fathoms. 
[t consists of smooth hard rock, eo\"ered with a thin 

lu)er of band, but with scarcely any lh·c cornl; it is 
.;tl.'CP on botlJ ~ides, and dope:! abruptly outwards into 
unfathomnble depths. At the di~tance of less than half 

II mile from one palt, no bottom was found with 100 
(athows; nnd off another point, nt a somewhat greater 

di~taIlCC, there wa5 nOlle with 210 fathoms. Small 
!'tl.'Cp-t;ided banks or knolls, covered with luxuriantly
growinl{ coml, rioo from the interior cxpanse to the 

I:>lIl\e 16\'el with the external rim, which, as we have seen, 
18 fonu(.'<i only of dead ro~-k. I t. is impossible to look at 

tlltJ plnn (fig. 1, Plate II.), although redueed to so 
!ltllall a s('aJe, without.llt alice perceiving that the Great. 

(,hagos Bank is, in the words of Captain l' lorcsby,l '1l0-

thiJlg more than n. half-drowned atoll.' But of what 

grea.t dirnemions, and of how extraordinary an internal 

'Thl, offlrer hmo had the kintlne18 to lend me an excellcnt MS . 
• croon!. of dIe Cha~ LllI\ndl; from Ibj~ P"Jl!'f. from the publiehed 
fl,~rt!l. ~n,1 from ..-crhol iDforn.~tion rommllniCtlted to me by Captain 
)j"oruob,.. Iho "Lou n.eroUDl of lho UNlIt Chap Bank ill takeR. 
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structure! Wo shall hereafter have to consider both 
the cause of ita submerged condition , a state common 
to ot.her banks in tho !,,'l'OUp, and the origin of the 
l1inglllar submarine terraces which bound the central 

expanse; thetlC, I think it can be shown, ruwe resulted 

from a cause analogous to that which has produced the 
bifurcating channel across Mahlos .Mahdoo. 
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CHAPTER II. 

tlARRIEn-nEEF8. 

QQWy rutmble in gmeral form and .t~tll.rt aUJa-f'e(/_Width alia 
depth oj the lagrxm-cha,mds-BNtllchu fkrolfgh tk -,."./ in fro'llt 0/ 
~ky" and gtMNllly qn ik ktv-lml #d_Ohtck, to tlfljilUng "p 0/ 
fir, {agt»n.c!IQ"ffLl&-Siz, and C(lIutitufiml. of tk encimfd iskmd.!
XWlllbtf- of Wand, within th, lam, f'Uf-Ba""i4r.rce/~ of Nt'IIJ tAk
dlmia and Anlralia-Pmlicm ()f tl.e m/ rtlalifle 10 tile Ilope. oj 1M 
04joining land-T'f-obablt ~at tJ.ickM" 1)/ i!arrier+ruj" 

T:up, term 'barrier I bas been generally applied tAl that 
vast reef which fronts the :N.E. shore of Australia, and 
by most voyagers likewise to that on the western coast 
of Ne\v Caledonia. At one time I thought it oon
"enient thus to restrict the term, but as these roofs arc 
RimHar in structure and in position relatively to the 
land, to those, which, like a wall ,vith a deep moat 
\vithin, 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 smail en
circling rcef 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 higb land rising from 

within their central expanse. The general resern-
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blanee between the reefs of the harder and atoll 
clllBSes ma.y be seen in the small, but accurately re
dnced charts on Plate I.,' and tllis resemblance can be 
furthcr shown to extend to every part of· their struc
t ure. Beginning with the outside of the recfj many 
scattered soundings off Gambier, Oualan, and some 

other encircled islands, show that close to the breakers 

there exists a narrow shelving margin, beyond which 
in most cascs, the ocean suddenly becomes unfathom
able. Off the west coast of New Caledonia, Capt. '"tin 
Kent t found DO bottom with 150 fathoms, at two ship's 

lengths from the reef ; so that the 1'llopc here mlL"t be 
ne!\rly as prcci pitous as off the Maldiva atolls. 

I can give little information regarding the kinds 
of corals which live on the outer margin. 'Yhen r 
visited the recf at Tahiti, although it was low-water, 
the surf was too violent for me to see the living 

masses; but, according to what I hcard from some in
telligent nath'e chiefs, they resemble in their roundcd 
and branchless forms, those on the margin of Keeling 
atoll. The extreme verge of the reef which wall 

visible between the breaking waves at low-water, con
sisted of a rounded, convex, artificial· LIke breakwater, 

entirely coated witb Nulliporre, and absolutely similar 
to that whieh I have described at Keeling atoll. 
From what I heard wben at Tahiti, and from the 

, The lIuLhorities from which th"se chll.rU! hs,1"o heen reduced, 
tog~th~r with sowe remllrb on them, lire gi,·clI in a 80pllrataly lip
pendod page, dcsuiptive of the Plat.::8 . 

• Dalrymple, Uydrog. Mem. '·01. iii. 
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writings of the Heys. \V . .Ellis and J. 'Yilliams, I con~ 

elude that this peculiar structure is COIllmon to most 

of the encircled islalldH of the Society Archipelago. 

The reef witldn this mound or bre.1.kwatcr, has an ex

tremely irregular surface, even more so than between 
the i~lets on the reef of Keeling atoll, with which 

alone (as there are no islets on tbe reef of Tahiti) it 
can properly be compared. At Tahiti, the reef is very 

irregular in width; but round many other encircled 

islands, for instance Vallikoro or Gambier islands 

(tigs. 1 and 8, Plate 1.). it is quite as regular, and of 

the ~ame average width, a.'1 in true atolls. Most 
Larrier-reefs on the inner side slope irregularly into 

the lagoon-channel, (as the space of dflep water sepa

rating the reef from the included land may be called,) 

but at Vanikoro the reef slopes only for a short dis

tance, and tben terminates abruptly in a submarine 

wall forty feet high,-a structnre absolutely similar to 
that described by Chamisso in the :Marshall atolls. 

In the Society Arehipclago, Ellis 1 states that the 

reefs generally lie at the distance of from one to one 

and a-half miles, and, occaslOnally, even at more than 

three miles from the shore. The central mountains 

are gencrally bordered by a fringe of flat, and often 

marshy alluvial land, from one to fonr miles in width. 

'nlis fringe consi~ts of coral-sand and detritus thrown 

up from the lagoon-channel, and of soil washed dOlVn 

, Con~nlt, on this an(! other !Xlill!B, the Polyne!lian Resrorci,eB by 
the Rev. W. Ellis. au admir"bJe work. full of eurioll.ll informa.tion. 
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from the hills; it is an encroachment on the channel, 
analogous to that low and innor part of thc islets in 
many atolls, which is formed by the acclUllulatioll of 
matter from the lagoon . At Hogoleu (fig. 2, I 'late I.), 
in the Caroline Archipelago,! the reef on the south 
side is no less than twenty miles; on the cast side, 
five; and on the north side, fourteen miles from the 
encircled islands. 

The lagoon-channcls may be compared in overy 
respect with true lagoons. I n some cases they are 
open, with a level bottom of fine sand; in others they 
are choked up with reefs of delicately branched corals, 
which have tbe 83me general character as t.hose within 
Keeling atoll. These internal reefs either stand 
sep:lrateiy, or more commonly skirt the sbores of the 
inc1nded high islands. The depth of the ]agoon~cll3.n~ 

nel round the Soeiet.y Islands varies from two or three, 

to thirty fathoInll; in Cook's i chart of lnietea, how~ 
evcr, thore is one sounding laid down of 48 fathoms: 
at Vanikoro there arc several of 54 and one of 56i 
fathoms (English), a depth which even exceeds by a 
little that of the interior of the great l\faldiva atolls. 

SOIne barrier-reefs ll~\'e very few isletll on them; whilst 
others are surmounted by numerous oneS ; and those 
round pa.rt of Bolabola (P late L, fig. 5). form a single 
lineal' strip. The islets first appear either on the 

L && nydrograpbicnl Mem. and tbe Atlas of the Voyage of the 
A.!nA.nbt, by C"pt.lJumont D·Urrille. p. 428 . 

• Seo tho chart ill yolo i. of Hawkonl"orth·s 4to 00.. of Cook', First 
Voyage. 
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angles of lhe reef, or on lhe sides of the ureaches 
through it, and are generally most numerous on the 
windward side. 'l'he reef to leeward retaining its usual 
width, sometimes lies submerged se\'eral fathoms be
neath the surface; I bave already mentioned Gambier 

Island as an instance of this structure. Suumerged 
reefs, dead, covered with sand, and with a less defined 
outline, have been obsen'ed (see Appendix) off !;Orne 
part:! of H uaheine and Tahiti. The fecf is more fre

quently breached to leeward than to windward, although 
tllis is not so frequent as in the case of atolls. Thus I 
find in Krusenst.cm's .Memoir on the Pacific, that there 
are passages through the encircling reef on the lee
ward side of the seven Society Islands, which possess 
ship-harbours; but that there are openings to wind~ 

ward through only three of them. The breaches 
in the reef are seldom as deep as the interior 

lagoon~like channel; they generally occur in front of 
the main valtey;., a circumstance which can be ac~ 

counted for, as will be seen in the fourth chapter, 
without much difficulty. The breaches being generally 

situated in front of the valleys which descend on 

all sides, explains t.heir more frequent occurrence 
through the windward side of barrier-reefs than 

through the windward side of atolls,-for in atolls 
there is no included land to influence the po~ition of 
the breaches.. 

It is remarkable that the lagoon-channels round 
mountainous islands 11a'·o not in every instance l;!een 
long ago filled up with coral and sediment; but it i1;; 

The Complete Work of Charles Darwin Online 



eH. H. 61 

uccount.ed for without milch difficulty. Tn c.'lses like 
thnt of Hogoleu and the Gambier Islands, where a few 
~mall peaks rise out of a great lagoon, the conditions 
scarcely diffcr from those of an atoll; ;lUd I have already 

shown at some length, that the filling up of a true 
lagoon must be an extremely slow process. Where 
the lngoon-channel is narrow, that agency, which au 
unprotected eoaills is tIle mo~t productive of sediment, 
namely the force of the breakers, is here entirely ex

cluded; and owing to the reef being breached in the 
front of the main valleys, mIlch of the finer mud from 
the rivers must he transported into the open sea. The 
water which is thrown over the edgCll of atoll-formed 
reefs canscs a curreut which c.uries sediment. from tlle 

lItgoon through the breaches into the sea; and the 
~ame thing }lrobably takes place in barrier-reefs. This 
would greatly aid in prcventing the lagoon-channels 

from being filled up. The low alluvial border, how
ever, at thc foot of the encircled mountains, show$ 
that the work of filling up is in progress; and nt 

Maurua (Plate J., fig. 6), in the Societ.y group, it !.Jas 
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 tho encircled land, we shall 

sec that bcside~ the many points already noticed of 
resemblance or rat.her of idcntity in structure with atolls, 
there is a close general agreement in form, aYl.:l"ngc 

dimen~ions, nnd grouping. Encircling recfs, like 
atolLl, are generally elongated, and have an irregulady 
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rOlwdod, though sometimes angular outline. There nrc 
atolls of all sizes, from less than two miles in diameter 
to sixty miles (f'xcluding Tilla.--doll-Mattc, which consi!>ts 

of a number of almost independent atoll-formed reefs); 
and there are encircling b..'I.l'rier-reefs from three miles 
and a-balf to forty-six miles in diameter,-·Turtic 
bland being an instance of the fo rmer, and Hogoleu of 
the latter. At Tahiti the encircled island is thirty-six 
miles in it!! longest axis, wbilst at )Iaul"ua it is only a 
little more than two miles. I t will also be shown in 
the last chapter, that there is the strictellt resemblallce 
between the grouping of atolls and of common i sland~, 

and there is the same resemblance helwccn atolls and 
encircling burrier-reefs. 

The islands lying within reefs of this class, nrc of 
vcry variom; heights. Tahiti I is 7,000 fcct; ?llaurua. 
about 800; Aitutaki 360, and ;\f:mouai only 50. Thegco
logical nature of the included land also varies; in most 
cases it is of ancient voieanic origin, owing apparently to 
the fact that islands of this nature are the most frequent 
within all great seas; some, however, are 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 

, The height of Tabiti i8 gi.en'from Q'ptllill Boochey; ll"ur,UI from 
Mr. F. D.lknnctL (Geogrnl'h, Journ. "01. ,.ii i. p. 220); AiLutnki from 
me/Ulurem~ul.ll mads on board th\l HMgk; lIud Mallollni, or Han-IIY 
uland, f!"Om an c.o;;timOM by tho U",,·. J. William!!. Tho two "ltUor 
island.., howo.cr, aro not in 8Om(ll"(l8pect11 w~ll charact ... risod c"ampl()8 
of the <,oeireled d!Ul5. 
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itself; while 'l'aha and lbiatca. (fig. 3, Plate I. ), both 
moderately large jsJ:'lud~, of nc:lrly equal size, are in· 
cluded in one reef. Within the reef of t.be Gambier 
group there are four large and some sma Her islands 
(fig. 8, Plaw I.); within that of HogoJcu (fig. 2, 
Plate I.) ncarlyado.zcn small islands are scattered over 
the eXp3nse of one va.st lagoon. 

After the details now given, it may be asserted that 
there is not one point of essential difference between 
encircling barrier·reef:; and atolls i-the latter enclose a 
simple sheet of water, the former encircle au expanse 
with one or more islands rifling from it. I was much 
struck with this fact, when viev,.jng. from the height:; 
of Tahiti, the dist.ant island of Eimoo stauding within 
smooth water, and encircled by a ring of sllow-white 
breakers. Remove the central land, and an annular 
reef li ke that of an atoll in an early stage of il-ll forma
tion is left; remo\'e Bolaboln, and tbere remains n. 
circle of linear co .... .l·islets crowncd with tall cocoa.
nut t.rees, like ono of the many atolls scattered over the 
l>acifie and Iudinu oceans. 

The barrier-reef:; of Auslrlllia and of New Caledonia 
deserve a sepamte notice from their g reat. dimensions. 
Thc roof on the west eoast of New Caledonia (fig. 5, 
Plate J r.) is 400 miles in length; and for a length of 
many leagues seldoOl approaches within eight mile;; of 
the shore. Near thc southern end of the island, the 
space between the reef and the land is sixteen mile!! in 
widtb. The Australian barrier extends, with a few 
interruptions, for about elewen hundred miles; itt:! 
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average di~tance from the land is between twenty and 
t hirty miles, but in parts from fifty to ninety. The 
great arm of the sea thus included, j~ fWIll ten to 
twenty-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 mNe than sixty fathoms. Flinders 
has described the surface of the reef as cOI18isting of a 
hard white agglomerate of different kinds of coral, 

with rough projecting points. A few low islets hu\'c 
been formed on it. The outer eJge is the highest 

part; it is traversed by narrow gullies, and at inten'nls 
by sllip-channels. The sea close outside is in most 
parts profoundly deep; but to the north, near ~ew 
Guinea, and to the south, the depth is much less, and 
llcrc the bottom slopes gradu~lly from the reef, as it 
generally does in front of the Sllip-channcis. l 

ThC"re is one important point in the structure of 
barrier-reefil which must here be considered. The 
accompanying diagrams represent north and south ver
tical see:;ions, taken through the higbest poims of Vani

koro, Gamhier, and Maurua islands, as well as through 
theiL' encircling reefs. The scale both in the horizontal 
and vertical direction is Ole same, namely, a quarter of 
nn inch to a nautical mile. The height and width of 
these islands are known; and I have attempted to repre-

, Tbe fOl'<'"going dotalls a.rc tllhn chiuny from .Hinder>!· Voyage 10 
Tcrr.~ Au~tl'!l!;~. "01.;; p. 88; bu~ thc~ have been corrected by tho 
,,.;,couut. gi,·cn by pror. J ukes, Nurrntiru of the Voynge of the 1'1!/, 
\·01. i. 1817, chap. ;<;ji. 
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scnt the form of the land from the sbading of the hills 
in the large published cbarts. It has long been 

remarked, evcn from the time of Dampier, that a 
conl>idern.i)lc degree of relation subsists between the 
inclination of that part of the hmd whieh is beneath 
waler and that above it : henee the dotted line in the 
three sections i l'l probably a. moderately accurate repre
sentation of the' actual submarine prolongation of the 
land . If we now look at the ollter t..'<lge of the reef 

No.4. 

A 

2. 
: 114,1Li1. "Z1 .. "".,,1 

I .\ $1$' 
-~~ - n l,,.·r 1l ---3. 

Sooth. North. 

l_Yauikoro, from tbe AUR, of tho " 0)1\{;0 of tho ... btrolczhto, by 
D. D'Unille. 

2-Gamhicr ]~l(lnd, from iloeehey. 
3 - MAUnlll. from th\l AtllUl of thl! "oyago ?t the Coquille, by Du· 

pcrrllY· 
The hOrUoutalliul' i, the le'l"ol of the 8CIo, from whicb 011 tho right 

band Ii plnrumet d~ud •. rtptcM'nting a depth of 200 fatllom~. or 1.200 
fo<;t. Tho 'l"ertiOl'lI "hading ..JIOW. tho I<.'CtiOD of Lho 11\11d, aud tllQ hori
zontal shAdicg thAt of tbo encircling bamcr-reof; from the SlI>lIlwC$8 

of the """Ie, the blgoou-('hanDcl could DilL be n-pl't:l>I'nt«1. 
A A-Outer oogo of tha eoral-roof~. 'Whore the 'OIl. brellk8. 
B ll_'Jha ~bore of tho encircled island8. , 
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, A A), and bear in mind t.hat-the plummet-oil the right 
hand rupresf>nts adepth of 1,200 feet, we must conclude 
that the v~rtica.l thickness of these harrier coral-reefs is 
very great . 

I must ou~erve , that jf the sections had been t.aken in 

any other (lircction across these islands, or across other 
encircled islands,1 the result would hase been the same. 
l n the succeeding chapter it will be ~hown that reef .. 
building polypifcrs cannot flourish at great dcpths,-for 
instance, it is highly improbabl~ that they could exist 
at ubove olle-eighth of the depth reprcst'ntcd by the 
plummet on the right hand of the \voodcut. Here then 
is n gre-'\t apparent difficulty-how weTe the 1),,'\Salt IKtrts 
of these barder-reef;; formed . It will perhaps ocem to 
some, that the actnal reefs formed of coral are not of 
grC':1t thickness, but tlH\t before their first growth the 

sea had deeply eaten into the coasts of these encirc11:"d 

i~land~, and bad thus left a broa.d but shallow sub
marine irdgt>, on the edges of which the corals grew; 
but if thilil had been the case, the shore would h:we 
been inmriably bounded by lofty clitT~ , and not have 
1110ped down to the bgoon-channel, as it does in 
ruany instances. On this \' iew,l morcover, the caui!C 
of the rccf springing up at such a great distl'lnce from 

I An E.llst aml West Hection Rel'Oll6 tho lsl.!lud of TIol"boh. "nd it1l 
l!l.rricr-reefs i8 ginu' in the fifth chnpTcr. fo~ lho "Iko of illu.tl'"ting 
.1nothc l' ptoint. 1h(· aenlo ill '67 of nu iu~h 10 Il mile; it j~ Ulkcn from 
Tho AlJ.,,~ of lhe \'o~.,.ge of th(l Co<J!<illt. l"y Dupoll'l'f'y. The depth of 
tho lu.':'ooll-cimuucl i~ oXIIgg"cl'ltled . 

• The R ... ,·. D. 'l'ycl'1U4n nud MI'. Bennett (Joul'lIal of YOyllgO Ilnd 
'IrII<'els. <'01. i. p. 21a) hll.\·o bl'ietly ~~ccd chis eIplatl~ tiou of tile 
origin of tho cDeireliug' r«fll of cho &ciety lelaud,. 
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t.he land, leaving a deep and bro..'\d moat withiu) 
remains altogether unexplained. A supposit.ion of the 
same nature and appeal'ing lit first more probable, j~, 
that the reefs have risen from banks of sediment, 
whieh had accumulated round the shore previollsly to 
the growth of the coral; but the extension of a lmnk 
to the samc distance round an unbroken eoa.Qt, and 
in front of deep arms of the sea (as in Rainten, ~ee 
JllaLe H. fig . 3), which penetrate nearly lo the heart of 
some encircled islands, is exceedingly improbable. And 
why, again, should the reef, in SOlliO cases steep ou both 
jOidcs like a wall, spring up at a distance of two, three, 
or more miles from the shore, leaving a channel often 
between 200 and 300 ft:Ct docp-a depth whicb we IHlve 
good reason to believe, is too gl'eat for the growtb of 
coral? The existence, also, of this s..1.TUe chunnd pre
cludes the idea of the feef having grown outw:\nl~: on a 
foundation slowly formed by the ncclllDuiation of if.:! OWII 

detritus and sediment, Nor, again, can it 110 a~rted 
that the n: .. -cf-building corals will not. grow, excepting at 
a b'Tcat distance from the land; for, as we shall soon sec, 
t.here il-l a whole chl.8S of reefs which take their name 
from growing (especially where lho sea is deep) closely 
attached to lhe shore. At New Culedonia (see l)late 
H. fig. 5), tho reefs which run in front of the WCJ;;t coast, 
are prolonged ill the smne line for 150 milesheyond the 
northern extremity of the island, and t his shows tbat 
some explanation, quite different from anyone of tbo$C 
just suggested is requisite. If the island had been 
originally prolonged to this distance, and if the northern 

)" 2 
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end had been worn away until it was a little beneath 
tho level of the sen, why should the coral-reefs have 
hccomc attached not on the central crest, bllt. in the 
same line with tho reef~ which still front the existing 
:o.hore8? 'Ye slmll hereafter sec, tLat there is one, and 
I believe only one solution of this difficulty. 

One other supposition to accollnt for the position 
of encircling reefs remain!;, but it is almost too pl'C

po~t.crous to be mentioned ;-nnmely, that they rest 
on enonnous submarine cratcn; stlrroundin~ the in
citld(.'(l islands. Whell the Si7.c, Leight, and form of 
the islands in the Society group art: considered, 
together with the fnet that aU arc thus encircled, 
such a notion will be rejected by everyone. New 
Caledonia, morco\'cr, besides its size, is composed of 
primitive formations, as are some of the Comoro 
Islantls;' and Aitutaki consists of calcareous rock. 
"'c must, tberefore, reject. these severnl explanat.ions, 
and couclude that the \'crtical thickness of barrier
reefs, from their outer edges to tbe foundation on 
which they rest (from AA in the sections No.4 to 
the dotted lines). is really great : but this presents 
no real difficulty, as I hope to !'.how hereafter when 
tho l.lpward growth of coral-reefs, during the slow 
subsidence of their foundatiou, is dil:icussed. 

'1 ho.1"Q bHn informe.! tlLallhi~ is the I'a.ilQ by Dr, Allen of Forrc~. 

will> Iuul \"i~itcd tLis group. 
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R¢if, of .vlltlrili .. ~S4allaw coo",.ul ,.-jIM .. tll~ rr-/-lt$ "QUI fi/lillg 
lip ClIlTfmt~ of v:ain" /orm..n trilllin il_Uprai",d ~fl/-.y(J""'
.1""!Jid!J~' ill dfll'J' «u_Jl~, 0. tlw CDlUf ~f E . .A/rica a"d of 
}JrtI~jJ.-Fri"gi"9-TUf' ill my 6hallMt'_,. n)!lou/ barth of ",,,,",t, 
alul 0" _1"1I.40'1NI i~ra""~ Fri"gilfg-"«.!, (fffutn/ by c:urrmt. cf 1M 
_. (k,ral roaJing lmit(Jrtloj tlw _. ht 'wt /ormilU) nrj._ 

FRINOl~Q~REEJ<:, or, as they hnxe been called by some 

voyagers, !>hore-reefs, whrtll(':f skirting an island or 
part of a continent., at fint appear to differ little from 
hltrrif"r-r('Cf~, except that they are genel1l11y of le,,;~ 

Im::adth. As far as the superficies of the actual reef 
iR concerned, this is the case; but the abticnce of an 

interior door-wuter channel, find the close relation in 
their horizontal e:dension with tho probable slope of thf' 
mljoining land bcncatll the sea, present essential poillts 

of difference. 

The reefs which fringe the island of l\Iauritius offer 

n good example of tllis class. They extend round its 

whole circumference, with the exception of two or 
three parts I where the coast is almost precipitons, aod 

I This filet is !!tatoo on the IIntllority of tho Offici~r dn Rai, in hi~ 
utl'Cmtly inten-sling 'Yoy>lg<l';' 0 11111 d;l France,' undcrt.llkcn in l,a8 . 
. \("('Onlinl!; to CapUlin C~rmichl\Cl (lIookdlllot. Jllu.c .• '1'01. ii. p. 316). 011 
ouo part. of the ooast Were il a ~pace DC abr.:tooll mil~'II without .. reef. 
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where, if us is probahle the bottom of the sea hns n 
.. imilar inclination . the cOl'nl would have no foundation 
on wll icli to become al.Lachcd. A si milar fact mny 
somel imcs be ob~cr\'cd even in reefl! of the b.1rrier 

CL18S, which follow muell lc~s closely the outline of tbe 

adjoining la.nd j as, for instance, on the S.E. and 
precipitous side of Tahiti, where the encircling reef is 

interrupted, On tIle western side of the Mauritius, 
which was the only part I visited, the reef generally 
lies at the distance of about half a mile from the 
shore; but in some parts it is distant from one to two, 

find even three miles. Even in this last case, us thn 
coast-land is gently inclined from the foot of the 
inonntai us w the sea-beae]l, and as the soundings 
ontside the reef indicate an equally gentle slope 

beneath the water, there is no rea~on for suppo~ing 
that the basis of the reef, formed 1)y the prolongation 
of the strata of the island, lies at a greater depth lhan 

that at which the polypifcrs could behrin constructing 
t he reef. Some allowllllce, however, mllst be made for 
the outward extellJ.ion of a foundation formed of 8.'l.nd 
and detritus, from the wear of Ole corals; and this 

\'\'ou ld gi,'e to the l'eef a somewhat greater vertiea.l 
thickness than would otherwise be possible. 

The onter cdric of the l'eef on the western or 
leeward side of Ole i8land, is tolerably well defined, 
and is a little higher thml any other part. It chiefly 
consisls of large 8trougly branched corals of tIle gcnllS 
Mach'epora, which also form a sloping hed SOUle lI'ay 

out to sea : the kinds of coral growing in this part 
• 
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will be described in thc ensuing chapter. BetwC(!n 
the outer margin and tllO beach, there is a flat space 
with a sandy bottom and a few tufts of living coral; in 
some parts it is so shallow, tllat people, by avoiding 
the dC<!per holes alld gullies, can wadc across it at low
water: in olLer palts it is deeper, seldom, however, 

exceeding tCll or twel vo fcet, so that it offers a safe 
coasting channel for hoats, On Ole eastern and 
windward side of the island which is exposed to a 
he:n-y surf, the reef was dc~cribed to me as having 
a hard smooth surface, very slightly inclined inwards, 
just covered at low-water, and traversed by gullies; 

it appears to be quite similar in structure to the reefs 
of tIl(! barrier and atoll classes. 

The reef of )!auritiu~, in front of every river and 

streamlet, is breached by a straight passage: at Grand 
Port, however, t.here is a cllannel like that witbin a 
wrrier-rL'Cf: it ('xtcuds parallel to the shore for foul' 

miles, and has an a\'emge depth of ten or tweh'c 

fathoms; its presence rna)' probably be aCCollllted for 
by two rh'crs which enter at each end of the cllllnnel, 

aud hend towards each other. The fact of reefs of 
the fringing class being always breached in front of 
st.reams, even of those which are dr)' during the 

greater part of tile year, will 00 explained, wllen t.he 
cOlldilions unfavoumble to t.he growth of coral are 
eonsidcrcrL J--ow coral-islets, like tllOse on barrif'r

reefs and awlls, are seldom formed 011 reefs of this 
clas~, apparently owing in some ca~cs to their narrow
ness, and in others to the gentle slope of the r(l('f 
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outside not yielding many fragments to tho breakers. 
On the windward side, however, of the ~Iauritius, two 
or three small islets have been formed. 

I t appears, as will be shown in the ensuing chapter, 
that the action of the surf is favourable to the vigorous 
growth of the stronger corals, and that sand or scdi~ 

ment, if agitated oy the waves, is injurious to them. 

Hence it is probable that a reef Oil a sheh'lng shore, 
like that of Mauritius, would at fihlt grow up, not 
attached to the actnal beach, but at some little distance 
from it j and the conlls on the outer margin wonld he 
the most vigorous. A shallow channel would thus be 
formed within t.he reef; and this chanllel eQuid be filled 

up only very slowly with sediment, for the breakers 
cannot act on the shore:; of the il'laud, and they do 
not often war lip and cast inside fragments from tbe 
outer edge of the reef, whilst every streamlet (:urriefl 

away its mud in a stmight line througb breachC!:l in 
the reef. But a heach of s:md and of fragments of 
the smaller kinds of coral !leOmS, in the case of )Iallri

tius, to be slowly encroaching on the shallow chnnnei. 
On many I'helviuA" and sandy coasts, the breakers tend 
to form a bar of SIllld a little way from the beach, with 
a slight increase of depth within it: for instance, Cuptain 
Grey l states that the west coast of Australia, in lat. 
24°, i~ frouted by a ~and bar about 200 yards in width, 
on whieh there is only two feet of water; but within 
it the dcpth increases to two f:lthoms. Similar b..1.rs, 

I C.,plu.in Gret. J ournll l of Two £XveditioLl8, f OI. i. P. 369. 
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more or leb:! pt>rreel, occur on other cousL;. In these 
cases I suspect that; the !lhnllolV channel, (which no 
doubt; during storms is occasionally obliterated,) is 
scooped out. by the flowing away of the water thro ..... n 
beyond the line on which the waves break with tbe 

b .... cateat force . At l'emamb).lco the bar of hard sand
stone, l)('fore alluded to, has the same external form 

and height all a coral ret't~ and exlendil nearly parJ.llcl to 
the coast; within this bar cIUTents, apparently caused 
by the water thrown over it during the greater part of 
e!lch tide, rUll strongly, and are wcaring away its inner 
wall . From these facts it can hardly be douhtcd that.. • 
within most fringing reefil, cspecially within those 
lying some distanoo from the land, a rctw·u stream 

mU!lt carry away the ..... ater thrown over the outer edge; 

and the cllI"rcnt thus }>f"(XIUC04i would tend to }>revcn~ 
tho channel being filled up wit.h sediment, and might 

even dcepen it under certain circumstances. '1'0 
this latt€r belief [ am lcd, by finding that channels are 
almost uDiveN!aily present within the fringing reefs of 
those islands which ba\'c undergone recent ele\'atory 
mo\'ements; and this could bardly'have been the case 

if the conversion of tbe vcry shallow channel into land 

had not becn counternclcd to Il certain extent. 
A fringing reef, if clevnt.cd in a. perfect condition 

above the level of the bell, would prcscnt the singlilar 
appcnraD(.'e of a broad dry moat bounded by a low wall 

or mound. The author 1 of au intcresting pedestrian 

, "o~"IIge 0\ rI~le du Ftlluee, i"'r Uti Offidcr du Roi, Part i. pp. 
192,200. 
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t.our round thA \I(l.uri!iIlS, seems to lln\'e met with il 

~tl'llcture of t his kind: lIe 8.'1.),8, 'J'ohservai que la, all 
h BIer elale indcpt·ndammcnt des rcscifs Ull hU'ge, 
il y a ii. terre tUl.6 cffpece d;effcmce'litent, ou cuemin 
CDU,"crt nature!. On y pourrait m('ttre dll canon,' &0. 
In another phee he add~. • Arant de passer Ie 
Gap, on remnrquc un groil bane de corail cleve 
de plus (Ie qllillze piE"ds : c'est unc espece de re~

cif, qlle Ia mer a abandonnc: il regne au pied 
une longue iluquc tI'Ptlll, dont on pourmil.. faire lilt 

bn,;,jin pour de petito; misseaux.' But the margin of 
, t he reef, although t he highest and most IWrfect part, 

from being most. exposed to the surf, wonld generally 
(luring a slow rise of the land be citl1cr partially or 
entirely worn down to tlmt level at which corah could 

rcnew their bJ'fowth on its upper cdge. On some parts 
of the cO<'l..<:t-land of )[auritius there are littlc llillocks 
of coral-rock, which are either the last remnants of a 

continuous reef, or of low islands formcd on it. I 
ohse-ryed two ;;1I('h hillocks between 'l'amnrill Bay and 
the Great Black Ri\"cr; they werc Ilenl"ly 20 fect 

high, about 200 yards from the present beach, and 
about 30 f~t above its l,,\"el. '1'h"y rose abruptly 

from a 8moolh tiUrfilCf', strewn with worn fragments 
of coral. Tiley consisted in their lower part of hard 

calcareous sandHtonc, and in their upper of great 
blocks of several species of A~tr::ca and .I\fadreporn, 

loosely aggr(>gated; thf'y were di\'ic\(>d into irregular 
beds, dipping !<cawnrd, in one hillock at an angle of 8°, 
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llnll in the oth{>r at 18°. The upraised reef" round 
this i~lalld ha\"(~ heen much less worn and modified by 
the action of the S<'a, than ill mOtit other casel'. 

)[any iBlalJdsl nre fringcd by reefs quite similar to 
tbo~ of .Mauritius: but on coasts where tbe sea 
deepens very suddenly, t.he reef" are much narrower, 
and their iimited E"xwosioll !'IeeUlli c\"idently to depend 
on the high iuclination of the submarine slope;-a. 
!"elatioll which, as we have !'loon, docs not exist in reef" 
of tho b.urier cla::lI. The ftinging-reefll on bleep coasts 
arc frequently not more than from 50 to 100 yard" ill 

width: they IHI'·o a nearly smooth, hard 6urfac(', 
scarcely nncov("r(>d at low-water, and witllOut any 
interior shoal channcl like that within those frioe,>ing
reefs which lie at a h'Tenter distance from the land . 
The frngmcllt~ torn up during" gale .. from the outer 
margin, aro thrown over the reef on the shores of the 
i"land. I may give as instances, Watceo, where lLe 
reef ill dCl!criht>d by Cook 1I,; being 100 yards wide; 
lind )fauti and F.iil'.tl.beth' hland~, where it is only 
50 )"ards in widlh: the bCa ronnd these il';Jands i$ very 
dcep. 

, I IIU\~· gin. Col ... PIN "nOlher ;norta_; )Ir. TA.,lor (L;oll<foo·,,:UlIg. 
<;of :-'-ft!. Hi_L \"01. ;I. I'. UII) hnR d~r;""--d " r>. ... ·f ~ ... er,,1 mile.. in 
Icu~oth l ... t" .... 11 (jiool1l "D.1 '-jllro ..... hkh t~w"u. I"'1"II1I~1 W lh~ ehore 
d: ill" di~:!lD'·O of 11t"1 .... ~:n )"l1r lOud tt;/\ Ih;,",l \>"rt of II mil~. aDd ~II_ 
cl ...... R II ~p"w uf .Iudlow "",,Ier. ,,·;Ih 3 IO,Hlol,. h<,tt<">m lind tuft~ of ""mi. 
Oul~;!1/\ Illp ~IQc of tbe I"\ .. d". whirh ift fonnt'd of j::"rt.""t l.rllnchiugCf)""r~. 
Ih" ,I~I-'th i~ .iI aud Mfun (,<lilon",. Thi,. ~OO\~~ hll! heeD I1l'heo~~...t lit 
Co nr,. d;'IAIlt g."tlI,*;,·,11 p.rj ... !. 

, )hut; i. d,·""ril ... II,,. i.onlllyruu in Ih. rOyll;::e of 1l.1I$. /J((nId~, 
III:d .E..liZ.1Lelh I.iIlT.d L)· CIIV1lliu lte«hey. 
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Fringing-reefs, like banicr-rccls, surround islands, 
and front the shores of continC'ubl. In the charts 
of the eastern coast of Africa, by Captain Owen, 
many extensive fringing-reefs are laid down i-thus, 

for a space of nearly 40 miles, from lat. 10 
{/ to 

1° 45' S., a recf fringes the shore at an average 
distance of rathC'f more tban one mile, and therefore 
at a grt"awr distance than is usual in )-eefs of this 
class; but as the con:;t-Iand is not high, and as the 
bottom ~hoals vary gradually, (the deplh being only 
from 8 to 14 fathoms at a mile and a-half outside the 
reef), its extension thus far from the land offers no 
difficulty. The external margin. of tbis reef i~ d<..'
scribed as formed of projecting point.~; and within it 
there is a clmnnci from six to twelve feet deep, 
with patches of living coml. At l\Iukdecsha, (lat. 
2° l' ~.) 'the port i,; formed,' it is said, ' 'hy It long 
rccf extending eastward four or 6.\'e miles, within 
which there is a narrow channel, with tcn to twelve 
feet wa.ter at low spring tide$:' it lies at the di~tancc 
of a quarter of a mile from the 8hore. Again, in the 
plan of )Iomba8 (lat. 4° S.) a reef extends for thirty
six mile!>, at the diRtanec of from half a mile to onc 
mile and a-qllartcr from the shore; within it, there is 
a channel llavigable 'for canoes and small craft,' 
between six alld fiftecn feet deep: out:side the reef the 
depth is about 30 fhthoms at the distancc of nearly 

'O .... en's Africa, ,·0J. I. p. 36;, from ... hieh \I"Ork the fOl"<:gtling fneb: 
lire liko .... i£e lakeu. 

The Complete Work of Charles Darwin Online 



CH. I TT. FRlKCINC UEr.rs. 77 

half a mile. Part of this reef is very symmetrical, and 
has a uniform breadth of 200 yard!>. 

The coast of Brazil is in lUauy parts fringed by reef::! , 
Of these, some arc Dot of ~nll formation; for inst:mcc, 
t.hose near Bahia and in front of l)ernamuuco; but a

few miles south of this latter city, tIle rccffollows1 ovory 
t.urn of the shore so closely, that I can hardly doubt it 
is of coral. It rum; at the distance of three-quartel'S 
of a mile from the land, and within it the dcpth is 
from ten to fifteeIl. feet. I was assured by an intelli
gent pilot, that at 1)orts Frances and Muceio, the outer 
p.'l.rt of the reef "consists of livillg coral, and the inner 
of a wilit.c stono full of large irregular ca-dUes com

municating with tile sen. The bottom of the sea off 
the coast of Bra.r.il sboals gradually to between tbirty 
and forty fathoms, at. the distance of bet.ween nino and 
ten leagnes from the land , 

From the description now given, we filly conclude 
that lhe dimensions and structure of friDging-r~efs 
depend entirely on the grcater or less inclination of tho 
submarine stope, conjoined wit.h the fact, that recf
bui lding polypifcrs can exist only at limited depths. 
It follows from this, that where t.ho sea is very shallow, 
as in the Persian G\llf and in parts of the East Indian 
Archipela.go, the reefs lose their friuhtl.ng character, 
and appear as separate and irregularly ~cattered 

patches often of considerable area. As the eondithns 

, Darou Rou""iu'8 Pilotl'l liu r:N~il, nnd tho aceompanying hydro
graphical memoir, Seo also the 8I1pjllowcn~, to tbj~ volume (In a lkct 
of Sandstone off Pernambuc<>, 
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are le~s favnurublc in sc\'cml respects on the inner 
~ide of tbc~c patches, the growth of the coml ig more 

vigorous 011 the outside; thlls causing tilE." reefs to be 
generally higher and more perfect in their marginnl 
th:ll1 in their centrnI part~. Hence these reefs some
times HOSllme (nod this circumstance ought not to be 
overlooked) the appearance of utolls; but as tiley are 
based on a .. hallow foundation, aud as their central 

expamc is much less d('cp and tiwir fonn lc~ defined, 
this rc:.;('mhlancc is easily seen to be merdy snperllcial. 
On the other hand, when, in n dt:cp !$Ca, b:mks of sedi
ment ha\'e accumulated round i~lnl1ds or ~ubmcrged 
rock~, and they become fring~d with reef,,;, they aro di~
till:4"ui~hcd witll difficulty from encircling barrier-reef~ 
or atoll!'. Tn the ' Vest Indic~ there are reefs, which [ 
should probably h:\\'e armug-cd ullder these two cla~~e~, 
if tile cxi~tCllCC of larg~ and level lJank~, lying a littlo 
~'llcnth the surfa.ce and ready to serve as the ba.l1is for 
the aU"lchment of coral, had not beeu prcsent; the 
formlltion of such b.'\nks through the accumulation of 
I'Cdimellt heing !<llfficiently e,"idellt. Fringing-reef:! 
!!ometime;! coat, and thus protect the fc)Undations of 
j~laud,;, which have lJccn worn down by the ~ulf to the 

level of the sea. According to Ehrenberg, this has been 
cxtel1~i\"f'ly the case with the i~lallds ill the Hed Sea, 
which formerly ranged parallcl to the shores of the 
mainland, with dcep watcr within them: hcnce the 
reefs now cO:lting their h:l~I:'~, :lrt! situated rehlti\'cly 
to the land like b.urier-recf", although not belonging 
to that da!>il ;-but there are, as 1 bclie,·e, in the n ed 
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Sen some true barrier-reefs. The reefs of tllis sen nud 
of tbe West Indies will he neseribed in the t\ppcndix . 
Tn some cases, fring ing-reefs uPlx'Ul" to be eonsidtmhly 
modified in outline by the course of the prevailing 
etlrreuL'l; Dr. J . Allan informs JOC that. on the cast 
eonst of )hdngascar, almobt evel'y headland and low 

point of salld has a coral- reef extending from ie in 

a S.W. and lX.E. linc, parallel t.o thc currents on that 
shore. I should think the infillcnee of the currents 
chiefly consisted in causing an extension, in a certain 

direction, of a proper foundation for the altaehment of 
the coml. Round Uluny intertropical islandij, for 
instance the Abrolhos on the coast of Brazil sur

veyed by Captain F~tzHoy, and, llS I am informed by 
::'Ilr. Cumiug, round the 'Philippines, the bottom of the 
sea is entirely coated by irregular masses of coral, 
which although often of large size, do not reach the 

surface and form proper reefi!. This must be owing 
either to insufficient growth, or to the absence of those 
kinds of comls which can withstand the breaking of 

the waves. 
T he three classes, atoll· formed, barrier, and fringing 

reefs, together with the modific.1.tions just described of 
the latter, includc all the JDost remarkable coral-fol'ma.
tions anywhere existi11g. At t.he com ll)enCcment of 
the last chapter in the volume, where I detail the 

principles on which the map (lJlate III.) is coloured, 
the exceptional cases will be enumerated. 

The Complete Work of Charles Darwin Online 



CHAPTER IV. 

0:0; TIrE anm'I"Tll O~' conAI.-m:EFS. 

Is this chapter I will give all the facts, which I have 
,collected, rdating to the distribution of coral-rccflJ,
to the conditions favourahle to their incre:u;c,-to the 
rate of their growth,-and to the depth at which they 

nre formed. 
TIH'se subjects hnxc an import:mt bearing on the 

theory of the origin of tho different classes of coral
recfJ!, 

SECTION J. 

0.. tAt })ulrihll/u"" oj Corol-Uf,t/#. ({,..J 0111 1M Co..diiiolu j({oourMU to 
tltri, /IfCffllM. 

\\'nn regard to the limih of latitude O\'('r which coral

reefs extend, I kwn n(,thing new to add . The Bel" 
muda Island~ in 32" 15' N., is tIle point furthest 1'e

moyed from the equator in which they appear to cxist; 
and their extension II('ro so far northward no donbt iB 
duo to the warmth of the Glllfstr('am. In theP:ll::ifie, 
the 1.00 Choo islands, in lnt.. 27" X., hM'e rcefa on their 
£Ihores, and there iii an atoll in 28" 30', situated N.W. 
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of the Sandwich Archipelago. In the Hed Sea there 
are coral-reefs in lal. 30°. Tn the soulhern hemisphere 
coral-reefs do not extend so far from the equatorial S<'a. 
In the Southern llacific there are only a few r ... efs 
beyond the line of the t.ropic, but Hont.mans Abrolhos, 

un the western shores of Australia, in lat. 29° S., are of 

coral -formatiou. 
The proximity of volcanic land, owing to the limo 

generally evolved from it, has been thought to be 
f.wourable to the iocrease of coral-reefs. There i~, 

howe\'er, 110 foundation for this view j for nowbere 
arc coral-reefs more extensivo than 011 tbe shores of 
New Caledonia and of north-eastern Australia, wbich 
consist of primary fnrmat.ions; and the Maldh'a, 

Chagos, Mar:;hall, Gilbert, and Low Arch i pelagnes, 
the largest groups of atoUs in the world, are formed 
exclusi\'ely of cornl. 

The ent.i re abseoce of cora} reefs in certain large 

areas within the lropical seas, is a remarkable fact. 
Thus no coral-reefs were obs6n'ed during the survey
ing voyages of the Beagl& on tbe west coa!'t of South 

America south of thc equat.or, or round the Galapagos 
Islands .. rt appears, also, that. t,bere am none I on this 

coast north of the equator; Mr. Lloyd, who surveyed 
the is/hmus of Panama, remarked to me, th.at although 

he had seen corals living in the Bay of Pallama, yet he 
had never obsen'ed any reefs formed by them. 1M fir~t 
aUributed this absence of reefs on the coasts of l)eru and 

I I ru .... e bet ... informed that thi8 is the Cllse. by Lieut.l!yucr, ns, 
Slid others who have had IImplo opportuuities for ob.!cr~ntio .... 

o 
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of the Galapagos T"lands,t to the cold ness of tho ClI l"

rents from the II.oul..h, but the Gulf .of Panama is OIlP 

Qf the hottest. pelagic districts in the world.2 In the 
central parts .of the Pacific there arc islands entirely 
free fr.om reefs; ami in some of these cascs this appears 
t.o be ono to recent volcanic lIctiou: but U.lC ex istence 
of reefs, though scantily developed, and according to 
Dana, confined to .one part of Hawaii (.one of the Sand
wich Islands), shows that recent volc~l.Dic action d(les 

not absolutely prevent their g rowth . 
Tn the last chapter T stated that the bottom .of the 

sea found some islands is thickly coated with living 
ooral ~ , which nevertheless do not form reefs, either 
from insufficie!1t growth, or from the species nOl being 
adapted to contend with the breaking waves, 

.r have \)('cn a.ssured by sevr.rul navigatDrs that 
t here are no coral-reef!> on the west coast of Africa,~ or 

1 T he WCf1n t~mr,crnt.\lNl o( the ~urfM(l liM (rolll oW"'IItioUiI m~ule 
by tJl0 direction of Captllin i-"ill'Royon the tihorre of tho Gllla~ 
ulol)d~, 1x:lwM'1l the 16th of Septll",~r aud the 20th o{():otoher, 18M, 
W\I.$ 68° Fahr. The lowl'llt temfH'rnturo o~rTcd WIUI ~8° -{I lit tho 
S. W. ond 01 ,\llIemArlo billud; and 011 tho "'e!ll CO::II!t of th i ~ is!~nd, it 
,..,~ ee'rprnl timu 6ZO Aud 63°. The mel'" tcmPf"nltun- of 'he sea in 
the Low Al"('hipulllgo of lltolla, aDd Del.r Tahiti. from ~imil"r ob.s<lrm· 
tions m~do ou oo,.rd tbe BtafJl~, Willi ( .. lthOlJl;:h further from Tho 
«J.uator) .," '6, the 10w~1Il. any day being i 6° ·6. Then-fore Wil hlOn, 
h~re" diff~l'enoo of 9° '5 in moon lempcrntlll'e. "nd 18" in utremes; II 
dilfercuee doulotl_ quite 6uffieient to nff«:t tho di~tribntion of o!1,'IInic 
beiu~ in tho t ,,·o "re~ .... 

% Humboldt'& PCJ1I<)nn l :SllM'fltil'C, 'rol. ,-ii. p. 431. 
' It might be roncJuded, from" ptlptr by ('''pillin Owen (Gcogntpb. 

J <>urn ..... 1. Ii. p. 89). thllt thj> ncr." OffCHPO St.. AHne loud thil Sherboro' 
h lHml1i "'1'1'fI of torn!' 1111h011l:h Ihe lIuthOf ~t."te!l th.at they I\ro not 
purely CI)l'aUine. nut I ha,-e ~" IIIInlI"Od by Lieut. 11011l1l1d, R.I\ ., 
tlm~ IIIC80 ~f8 lire not of oornl. or lit ICIIst that the, do not at 1111 ro
I!<lmblo those i" tho West J udiel. 
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ronnd the islands in the Gulf of Guinea. This perhaps 
may be attributed to the sediment bronght down by 
the lDany rivers debouching on that. coast, and to the 
(:::!~nsive lUud-ronks which line great part of it. But 
the islands of St. Helena, Atlcension, the Cape Verdes, 
St. Paul's, and Jo'ernando Noronha, are, also, entirely 
de5titute of reef;:, although they lie far out at sea, arc 
compoS('d of tbe snmo ancient volcnnic rocks, and have 
the same g('nCr:l1 form \vitll those islands in the Pacific, 
the shores of which arc surrounded by gignntic walls of 
coml-rock. With the exception of Bermuda, there is 
not a singlo coral-reef in the centrnl expanse of the 
Atlantic OC('81l . rt will, perhaps, be suggested t.hat 
the quantity of carbonate of lime in different parts of 
the !'ea may regulat.e t.ho presenco of reefs. But tbill 
cannot be thc Clhc, for at AscensiUll, the \yaves, charged 

to excell~, preci pilato 1\ thick layer of calcareous mattor 
on the tidal rocks; nnd nt St. Jago in the Cape Verdes, 
carbonate of limo not only is abundant on the shores, 
but it fonns the chief )lo.'lrt of somo IIpmiserl po::st
«-rtiaTS strata. Tho apparcnUycapricious di~tribution, 
th(:rcfof(', of cOr.\I-reef3, cannot he flilly explained by 
any of the abonl obvious causes; but, as the study of 
the terr('~trial and better known half of the world , 
must convince everyone that no station c.'\pable of 
supporting life is los~-nny mor'e, that there is a 
strtlg-gle for each 61.'\tioo bet.ween different organisms, 
-we may conclude that in t.hose )lo.'\rl$ of the inoor
trupieal ~.'a. in which there arc no corol-reefs, there 
nro other organic beings, supplying the place of the 

o 2 
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reef-building polypifers. lL has been shown in the 
chapter on Keeling atoll that there arc some species of 
large fish, atld the wbole tribe of Ifolothuria:o, which 
prey on tho tenderer parts of the corals. On the other 
hand, the polypifcrs in their turn must prey ou other 
organic bei ngs; and they would suffer by t.he diminu
t ion of their prey through any cause. The rchltioll~, 
therefore, which determine the formation of reefs on 
any shore, by the vigorolls growth of the efficient kinds 
of coral, must be w!ry complex, a11(1 witb our imperfect 

knowledge inexplicable. From these considerations, 
we may infer t.hat changes in the condition of the sen, 
not ob"ious to our senses, might destroy all the coral
reefs in one area, and callso them to appear in another: 
thus, th e Pacific or Indian ocean migh t become as 
barren of COTal·reefs as now is the Atlantic, without. onT 
being able to assign any adequate cause for snch a 
change. I 

It has been a que~tion with some natumlists, which 
part of a reef is most favourable to the growth of coral. 
The great mOllnds of living Porites and of Millepom 
round Keeling atoll occur exclusively on the extreme 
"erge of the reef, which is wasbed by a constant SlIC-

, I bRI"O left. tbo fon.>going rr,rapphs 1I000rlyas t.bey stood in tb" 
fil'llt edition; hut. Il8 Wlted in tho P1-efllce to tho pre9('nt work. Dill!" 
ha.!! shown that I hll"Q und~I'Talued tbo importauce of tbe mean tompo_ 
rMure of tbo &ell during thll C(lldPllt seMon of the yeflr. on tho distripu· 
lioll of eoral-reef~, liS wcll lUI p;rhllJ'll the Injurious Pft'ect. of l'C(!ent 
Yolcani~ Hct;On. TIut I Cllnnl)t see lW,t tho IIh~ence of eoral -retlfs round 
cert";O i~land8 in tho Atlanlic, for inSlAnce AllCen~iou, St. Paul'. Hoek. 
lind Fernnndo NOl"Onhll. or from Ihollhote3 of tho GnU of P"Qam.1, ;8 
uplicablu through jlny kno .... n ('aU&(I. 
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ccssion of brcnkcrlI; and living cornl nowhere clso 

forms solid masses. At. t.he ;\farshnll island\! the larger 

kinds of corals (chieny a species of A1;tr:e~ a gellllJ'l 

clo'ie\y allied to Porites), 'which form rock!:! measuring 

several f.'lthoms in thicknes.",· prefer, accolding 1..0 

Chamisw,1 the mOl!t. violent. surf. 1 base st,'lt.ed 

that the outer margin of the Mnldim atolls consist.s of 

living corals, (some of which, if not nil, urc of thc same 

Itpecics wit.h those at Keeling atoll), null here the surf is 

80 tremendous, thnt. e\'CD large ships ha\'e been thrown, 

hy Il single hea\'e of tho sea, high and dry on the rocf, 
all on board thull e:!caping wit h their )ive!!. 

Eurcubcrg' remark;:, tlHlt in the Red Sea. tho 

stronh"Cst coral~ Ii \'0 Oil lhe outer rcef~, and appear 00 
ion3 the surf; he addll, that tile morc oranchL-'<i kind!:! 

abound a little way within, but that these in still 

more protected places become smallcr. l\lany othcr 
tacts ha.\·iog a simila r tendcncy might be adduccd.~ I t 

has, howcver, be<-n doubted by MM, Qnoy and Gaimard. 

whether any kind of coral can 0\'011 withstand, mnch 

le~s flourish in, tho breakers of all open sea 4; tllcy 

affirm that t he saxigenous lithophyl.cs flourish only 

I K!>U.eboe·, Fint "opp (Eng. TraDl!.), "01. iii. pp. 142, 143.331. 
• Ebreuoorg. ii!"t,r dig ~li.tur und lli!dung dtr Cotn![eo mnke im 

Mhen ::llOCN. p.I(l. 
'In the West Indi~ •. O\~ 1 nm informed by Cnptnin lji rd ,\1\cn.1tN. 

it i. the eomm(ln b~!i~f c f thOle who llro oost I\Cqllninwd with tho n~f~. 
th<lt the ~'Ornllllluri~b~ ... mOlt where fn,el, cxpolleo.l to Lbt) !!woll of the 
IIp''n _ . 

• AOllSle. df' ~ieDeCI SlItorellM, tom. vi. pp. 21'&. 2i8.-' J..i. ou 
I .. ooou Wilt agitHtJ. Ie.! Lytophywos n6 poul'eQ~ tral-aillcr, pt~ 
'I"'el!u tUuuiraieut leun I'ragilti l-di!ce.,' &c. 
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where the water is trnnquil, and the heat inteme. 
T his statemcut ll(l,s passed from one geological work to 
another; nevertheless, the protection of the whole rcefis 
undoubtedly due to those kinds of coral, which cannot 
even exist in the siLllatiOll!; thought by these naturalists 

to be most f,wotlrable to them. For should the onter 
and living margin perish, of ally ODe of tIle many low 
coral-islands, round which a. line of great breakers is 
incefiSaotiy foaming, the whole, it is scarcely possible 
to doubt, would be washed away and destroyed in les:; 
than half a centtuy. But the vital energies of the 
corals conquer the mechanical power of the waves; 
and Lhe large fragments of reef torn up by every 
storm, are replaced by the slow but steady growth 
of the innumerable pclypifcrs Wllicll form the liying 
zone on its outer edge. 

From these facts, it is certain, that the strongest 
and mosl. massh'e corals flourish where most exposed. 
The less perfect state of the reef of moet atolls on the 
leeward and less exposed side, compared with its state 
to windward; and the analogous ,case of the greater 
lluwber of breaches on the near l'ides of tho;;e atolls 
in tlm JIaldi\'u Arch ipelago which afford some pro
k-ction to each other, arc obviomly eJ:plained by this 
circumstance. If the question had been, under what 
conditions the greater numLer of species of coral, not. 
regarding their bulk and strengtll , were developed, I 
should answer,-proi>.1.bly ill the ~ituations described 
by liOT. Quoy and Gnimard, where the water is 

tranquil and the heat intense, 'fbe total number of 
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species of coral in the circumtropical seas must be 
\'ery great; ill the Hod Sea. alone, 120 kinds, accord
ing to Ehrcnberg,l have been observed. 

T he same author bas ou;,;crved that t ile recoil of 

the sea from a steep shore is injtuiou::I to the powth 
of coral, although waves Lreaking oyer a bank are 
not so. Eureubcrg also states, tllat where there is 

much sediment, placed so M to be liable to be 010\1,.'<1 
by the waves, there is little or no coral; and a col
lcction of li\iog specimen!! placed by hiUl all. a sandy 
shore died ill the course of a. few da)'s,! Ali experi

ment, however, will prc!>Cnily be related, iu which 
some large ma.~ses of living coral incre:\!>tld rapidly in 
size, after having been secured by stakes on a. sand
hank. That 1001>0 sediment should be injuriOllii to 

the living polypifers. appears at first ~ight proVable; 
and in sounding off Keeling atoll and Mauritius, tbe 

arming of the lead jllvariably came up clean, where 
the coml was growillg vigorously. A strange belief, 

which, according to Captain Owon,3 is general amol1~t 
the inhabitants of the )faidim atoll~, namely, tha.t 
eomis haye roots, and therefore grow up agaill if 

merely broken down to the surface, but if rooled 
out, are penuaneutly desLroyt..'<l,- I am inclined to 

uelieye arises from the fa.ct that loose sand injures 

the polypifers. For it is probable that sand would 

I Ehrenberg tiber \lie ~iitur, &c. &e. p. ~6 . 
• Ibid. p. >1O. 
o Captain Owen on the Geo81'llphyof the Maldim Muuds, Geograph. 

Journal, \·01. ii. p. 88. 
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accumulat.e in the hollows formed hy tearing out the 
coral~, but not on the broken and projccting stumps; 
nnd therefore, in the former case, the fresh growth 
of the coral would be prevented. By this means 

the inhabitants keep their buroours clear; and thus 
the French Governor of St. Alary'S, in Madagascar, 

'cleared out and made a beautiful little port at that 

place.' 
In the last chapler I remarked, that fringing

r~fs arc almost universally breached where strcall1~ 

cuter the sea.1 ~Iost authors have attrihult.'<l this fact 
t.o the injurious effects of the fresh water, c,"en where 
it; enters the sea only in small quantity and during a 

part of the year. No doubt brackisll water would pre
"Plll or retard the growlll of coral; but 1 believe that 
the mud aDd sand, which is deposited, even Ly small 

ril'uiets when flooded, is a much more efficient; check. 
The reef on each side of the chsnnclloading into Port 

T.ouis at :'IIanritius, ends abruptly in a wllll, at the 

foot of which I sounded, aDd found a bed of thick mud. 
This steepness of the sides appears to be a general 
charncter in sllch breaches: Cook,~ speaking of one at 

Raiatea, ~ays, 'like all the rcst, it is very steep on 
hoth sides.' Now, if it were the fresh water mingling 

I Liout. Wcllst~lId lind olh~rl hf'we TrmllTked tb"t thia is til<) ell.SC in 
til .. Rod Se/l.: DT. Riippoll (Roifl(:. in Ahy"".llll.nd. i. 1.142) Slty8 'hat 
thol'(! lire peaT-shuplld hllroonra in the upr,,;><t<:! oorni-eoost. into whieh 
pe-r;odi~lIl 8troum8 enUl. FYom th;8 rireum~tRnt'e. I prcsnmA, .,." must 
infer thftt befo,"" Ihe uphl\ll'l",t! of the ~tM\tI\ DO"· f(.rming thA OOBsl·lftnd. 
fT(-'h wllter lind ..ooim~Dt ~ntered th!:left "t Ihe$e points; lind the ooral 
!).ing thM pl'(wenlffl gYOwing. tho pollr·~h ... peo<l hQrhounI Were productKl. 

t Cook'ill'irlit ,"OjRge, vol. it p. 271. (llnwkcsworth·. edit.) 
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wiLh the salt, wllieh prevented tIle growth of coral, the 
reef certainly would not terminate abruptly; but as 
the polypifers nearest. the impure stream would grow 
less vigorously than tho~e farther off, so would the 

reef gradually thin away. On the olher hand, the 
sediment brought down from the land would only 

prevcnt 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 breaehefl are much fewer in number, 
and front only the larger valleys in reefs of the en
circling barrier class. They probably are kcpt open 

in the same manner as those into the lagoon of an 
atoll, namely, by the force of the currents and the 
drifting outwards of fine sediment. 'l'Jleir position in 

hunt of valleys, although often separated from the 
land by deep-water lagoon-channels, which it might 
be thought would entirely remove the injurious effects 

both of the fresh water and the sediment, will receive 
a simple explanaLion when we discuss the origin of 
harrier-reck 

In the yegetable kingdom every different station 
has its peculiar group of plants, and similar relations 
appear to prevail with corals. 'Ve have alrcady de
scriLed the great difference between thp. corals within 

the lagoon of an atoll and those on its outer margin. 

The eorals,also,on the mal'gin of Keeling Island occurred 
in zones: t1lUA the Porites Ilnd Millepom complfmufu 
grow to a large size, only where they are washed by a 

hell I'y sea, and are killed by a short exposure to the 

, 
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nir; whereas, three species of Kullipora also Jive amiust 
tho breakers, uui. arc able to survive uncovered for a 
part of each tide: at greater depths, a ~trong lIIa
drepora and 11fillq>OTC£ alcirorni.s are the commonest 
kinds; the former appearing to be confined t.o tills part.: 
heneath tlJe ZOllO of massive coral!'!, minute encrusting 

corallines and other orgallic bodies live. Tf we com
pare the external margin of the TPer at Keeling atoll 

with that on the leeward side of Uallritiu~, which arc 
very differently circumstanced, we shall find a corres
ponding difference in the appeamnce of the corals. At 

the lalter place, the genus )(adrepora il! preponderant 
over e\'ery other kind; and ben€'ath the zone of massive 
corals there urc large beds of Seriatopol'a. There is 
also a marked difference, according to Captain Morcsby,l 
between the grmt hrnnching comls of the Red Sea, and 
tho!le on the reefs of the :\1aldiva atolls. 

These facts, which in themselvcs are deserving of 

notice, bear, pcrhap~, not very remotely on a remarkable 
circumstance which Ims been pointed out to me by 
Captain :\Ioresby, namely, that with very fewcxceptiolls, 
nono of the coral-knoll, within the lagoons of Peros 

Hanhos, Diego Garcia, and the Great Chagos Ba.nk (all 
Rituated in the Chagos group), rise to the surface of the 
water; whereas, with equally few exceptions, all those 

within Solomon and Egmont ftlolls in the same group. 
and likcwise thoRe within the large southern Maldiva 
atolls, reach the surface. I make these statements, after 

1 C .. pllliD 1[Qre~I'y OD the Kortheru llahlil"ll ,\t.olJ., G~ph. J ourll. 

vol. ,'. p. oiO 1. 
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llflvillgexamined tIle cll(lrts of each ntoll. In the lagoon 
of Peros llanllOs, which is nearly twputy miles across, 
there is only one single reef which rises to the ~lJrface: 
in Diego Garcia tbf're are seven, but several of these lie 

close to tLe margin of the lagoon, a.nd need scarcely 
ha\"c been reckoned : in the great Chagos Bank there is 
not one. On the other hand, in tIle lagoons of some of 

the great southcrn Maldiva atolls, although thickly 
l'ltudded with reefs, eyeryone without exception rises to 
the surface; and OIl au average there are less than two 
submerged reefs in each atoll: in the northern aton~, 
however, the submerged lagoon-reefs are not quite ~o 
rare. The submerged reefs in the Chug-os atolll'l gener
ally have from Olle to seven fathoms water on them, but 
some have from ;;even to ten. Most of them arc small 
wi,th very steep sides; I at Peros Ranhos they rise from 

a depth of about thirty fathoms, und some of them in 
the Great Clmgos Rank from ahove forty fathoms: they 
are covered, Captain More~by infot'ms me, with living 

and healthy coml two and tbree feet high, consi~ting 
of several species. "'Ily then have not these lagoon
reefs reached the surface, like the innumerable oncs in 
tbe (ltolls aUo,"e named? If we attempt to assign any 

differel1ce in their external conditions, as the calise of 
this divcrsity, we are at once bafflcd : the bgoon of 

Diego Garcia is not dccp, and is almost wholly sur
rounded by itl:! reef; Peros Banhos is very deep, much 

I Som~ uf theRe t<t"t~men ts were not oomml,n;<li\t€<l to me I'etb:tlly 
hy C"pt,,;n )[orc~l)y, but "TO juke!l from the MS. accou!lt, l){'fol"ll allud~d 
to, uf the Chagos Group. 
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larger, wiLh many wide pasS<"Lgcs communicat.ing with 

the open sea. On the other lland, of tLlOse atolls in 
which all, or ncarlyail the lagoon-reefs have reached 
the surface, some are small, others large, Home sllallow, 
others deep, some well enclosed, and others open . 

Captain Moresby informs me that he has seen a 
French chart of Diq;o Garcia made eigllty Far.'> before 

his sUHey, and apparently very accurate; and from it he 
infcrtl, that during 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
Que years. the eastern channel into the lagoon has 
lleither become narrower, nor decreased in depth; and 
as there arc numerou;; small knolls of living coral within 

it, some change migln. llavc been anticipated. Morcovcr, 
ru:; t.he whole rcef round the lagoon of t.his atoll has been 
convcrtpd into land-un unparallded ca~e, I belie\'e, in 

an aOOll of stich large si7.e,-and n..'! the strip ofland is for 
considerable spaces more than half a mile wide-also a 

\'cry unusual circnmstance.- we have the best possible 
evidence that Diego Garcia has I'emuined at its present 
level for a very long period, With this fact, and with 

the knowledge that, no sensible change has tUkeJl place 
dUl'il1g eighty years in the coral knoUs, and considering 
that every single rcef hus reached the surface in other 

atoll~, W11ich do not present the smallest, appeamnce of 
being older than Diego Garcia and Peros Banhos, and 
which are placed under the same external conditions 
with them, one is lfld to conclude that these submerged 

rcelil, although covered with lu.ltUl'iant coral, have no 
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tendency to grow upwards, and that they would remain 
at their present levels for an indcfinite pcriod. 

From the number of these knolls, from l,hcir posi
tion, size, and form,-many of tIl em being only one or 
two hundred yards across, witll a rounded outline and 

precipitous side!',-it is indisputable that they have been 

formed by the growth of eornl; and this makes the case 
much more remarkable. In Pcros Banhos and in tbe 

Great Chagos bank, some of these almost columnar 
masses arc 200 feet high, and their summit.<! lic only from 
two to eight fathoms beneath the surface; t hercfore, 

a lilHc greater proportional amount of growth would 
cause them to attain the surface, like those numerous 
knolls which rise from an equally great depth within 

the ).1aldiva. atollll. We can hardly suppose that time 
has been wanting for tho up\'lurd growth of the coral; 
as in Diego Garcia, the broad annular strip of la.od, 

formed by the continued accutnulation of detritus, shows 
how long this atoll has remained at its present le\'e(. 
We must look to some other cause than the rate of 

growth; and I suspect it will be found in the rcell! being 
formed of different species of corals, adapted to live at 
different tlepths. 

The Great Chagos bank is situnted in the centre of 

the Chagos &'l"Oll», and the P itt and Speaker banks at 
its two extreme points. These banks resemble atolJ~, 
c:s:oopt in their ex.ternal rim being about cigllt fathoms 

submerged, alld in being formed of dead rock, \vith very 

little Ii~'ing coral on it: a portion nine miles long of 

the annular r~f of Pero; BUllhos atoll is in the same 
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coudition. Th('~c facL~, as wiil herC'ultcr be shol\ n, 
reudC'r it probable that the whole group ut 80ffil' 

formf'r period ~ub~i(k'(\ seW'D or eight fnlboms; and 
that. the cornl .. pcri~hed on the outer margins of th~ 
atolls which are now submergt'<l, hut that. it continued 

alh'c and gn'w up to the surface on the others now 
p'Irfect. 1f all th('!\(l atolls did formerly subside, and if 
from the lIuddenOCtlS of the movement or from any oth(or 
causc, those species of cornls wbich urc best adapted 
to H,'c at a cert'lin depth, once got possession of the 
knol1~ supplanting their former o<:cupants, tbey would 

hu,·c little or no power to grow upwards. To illustrate 
this, I may oblilervc that. if lhc corals of the upper 
ZOllO on the outer cdgl' of Keeling atoll were to pcriilh, 
it. is improLnhJe that those of the lower zone would grow 
to the surfaCl', and tim:> become expol!ed to condit.ions 
for which they do not apJ>E'nr t{) be adapted.. The con
jecture t1l3t the comls on the submergt.-d knolls within 

the Chagoil ut.olls ban: analogous habits with those of 
the lower zone oub-ide Keeling: atoll, receives some 1:Inp

port from a. remark by Capt. 'lin More~br, namely, that 
they ha\'c a different apprmrance from those on the reefs 
iu the )laldh'a atolls, which, as ,ve 11~WC seen, all rise to 

the surface: he comp.ucs the kind of diff(>rcnce to that 

of t.he vegelation under different climates. T han: 
entered at considerable length into this case, although 
unable to tllrow much lighL on it, in order to showtbat 

coral-reef:> situated in d ifferent places or at different 
depths, whether forming the ring of 8n atoll or UlC 

knolls witbin a lagoon, need not all be supposed U) 

The Complete Work of Charles Darwin Onl ine 



5,.("1'. II. ItATII\ OF onownr. 95 

ha\'e an equul tendency to upward growth. The infer
euce, therefore, that one reef could not grow to the 
Imrfacc within u given time, because another, not 
known t.o be coyen.'d "ith the 8l.lme I>pecies of eorai;;, 
and IIOt kIlowu to be placed under exactly the rome 
coudiiiollS, bas uot within the snme lime reacbed the 
surface, is unsound . 

8.1!:CI'lO:f SECO~ I). 

Tnr. remark made at the close of the last section, 
naturally leads to this division of our subject., which 

has not', 1 think, hitherto hoen considered under a 
rigllt point of view. Ehrenberg' ha.'1 stated that in 
tIle Rcd Sea, the corals only coat othN rocks ill a 

layer from onc to two feel in thicpes{, or at most to a 
fatholU and a-half; :md he disbelieves that, ill any 

Cll.!Oe, they form by tluii r o'm proper growth, great 
ma8..O;C;:, stmtum o\'er stratum. A nea rly similar obser

,·ation has been made by M;\l. Quoy aod Gaimard,' 
with respect. to the thickness of some upraised beds of 
cornl, wh ich they cxamined at Timor and some other 

placc", EhrenbcrgJ saw certain largo massive corals in 
the Rt..'(1 Sea, which he imagines to be of stich \'a~t 

antiquity, that. tbey might bave been ooheld by 

I Ehr.;ni"'rg. lUll before cited, rp. 39, 46, lind Moo 
< Ann1l1\:!< de. Scicne. N"t., tom. l"i. p. 28, 
• .J::Iu·ent;.trg, ul lUf'. f'..42. 
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Pharaoh; and according t.o Sir C. J.,el11 there are 
certain corals at Bermuda, which are known by tra
dition to have been living for ceuturies.' 1'0 show 
how t;lowly coral-ree f;; grow upwards, Captain Bt;:cchey3 

has adduced the cnse of tbe Dolphin Reef off Tahiti, 
wbich has remained at the same depth bemmth the 
surface, namely, aOOllt two f.l.thoms and a-hnlf, for a 
period of sixt.Y-SCVCD years. There arc' reefs in t.he 

Red Sea, which cerl'lin}y do not appear· to have in
creased in dimensions during the last half century, and 
frolU the comparison of old charts with recent surveys, 

probably not during the last two bundred years. 
These, and otller similar .fact.s, have so strongly im
prci:lScd many with the belief of tbe extreme s.lo\vncss 
of the growth of cOr:l.ls, th:lt they h:lvC CW1U doubted 
the possibilit.yof islands in tbc great occ."Ins btwing 
bec:n formed by their agc:ncy. O~hers again, who have 
not lx-en o\'crwrleimed by ~his difficulty, have ad
mitt.cd t.hat it wouhl require thousands, and tens of 
thousands of years, to form a mass even of incon-

I Lyclra l'riM; plCOl of G>'<'I10'~. b.»Jr. iii. eb. It,·iii . 
• SillCo tho prweJi~~ P'~t.:I (oC the 6nt edit.) ha .. o be.J~ printed oil', 

I bJU"o r(\(I);,.t(i Crom Si~ C. Lyell AU inte¥ut;ng pamphlet. tntit!ffi 
RemArk!! upon o..",I·PorrD&!iens, &eo. by J. ConthOlly, ~UlO. United 
SIOI~. 1612. A ~tlltaln(Ult (p. G) i8 hen) ginn Oil tbe authority oC the 
n~ ... J. Wi1\~vn~. corrobomting the 1100'-0 ",mllrh 00 the flnriquity oC 
cnl3io i"diri(\u.1l coml_, nomely, tlmt at Upoill. ono o{ th :{.wigl\tor 

islntKb, 'particular dump' of 001"1'1 nl'$ kltowo to tho Illihcrmen by 
nAm~, dori-'OO from either !IOmo p"rUcullir oonflguration or trn.ditiou 
l\UlIChod 1("1 ulcm. and h~nded down from limo iloUleruori .. l.' 

• 1J«,clley"a Voyage lO tho PflciAr, ch. viii. 
• Ebrellbug, Ut !!Up, p. 43. 
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sidemble thickness: but the subject hIlS not, I believe, 
been ,-jewed in tJlC proper light. 

That musses of consideroble tbicknesfl have been 
formed by tho growth of coral, may be inferred witb 
e(·rtainty from the following fact.a. In tho deep 

lagoolls of Peros Ranbos and of tho Great Chagos 
bank, there are, as already described, small steep
f:idccl knolls covered with living cornl. There arc 

similar knolls in the southern Mnldiva atoll;;, some of 
which, as Captain )[oretlby assures me, are less than a 
hundred yards in diameter, and rise to the surface 

from a depth of between 250 and 300 fcet~ Con
sidering their number, form, and position, it would be 
prepoi\terous to suppo.re that they aro based on pin
uaclt's ·of rock, or on ilioluted cones of sediment. As 
no kind of living coral grow>i above the height of a 

few feet, \ve nrc compelled to suppose that Lhe::e knolls 
bave been formed by the sllcces:;ive gr<l,,:th and death 
of many individuaL;,-first one being broken off or 

killed by some accident., and then another, and one bet 
of species being replaced by another set with different 
habitil, as the reef rose nearer the surface, or as otber 
chungell supervened. The spaces between the corals 

would hecome filled up \vitli fragments and sand, and 
:mcb matter would probably soon be cousolidated, for 
we learn from Lieut. Nelson's I obsermtions at Bermuda 

that a procel;S of this kind t.'lke8 place beneath water, 
without. the aid of e,'aporation. I n reefs, a18O, of the 
b..'lrrier class, we may feci sure, as I ba\'c shown, that 

, Geolo:.ri~1l1 Tralll:S(1.ionf, "qI. l". p. 113 . 

• 
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masses of great thickne58 have been formed by the 
growth of coral. In t.he case of Vanikoro, judging 
only from the depth of the moat between tbe land 
and the reef, the wall of coral-rock must be at iE'ast 

300 feet in \'ertical thickness. 
So again some of the upraised islands in the Pacific 

f'how what. thick masses of co'r:t1-rock lta\'e been 

formed. DanaI st.-des that :Metia, in the PallIDoLu 
or TAlw Archipelago, consists of white solid limestone 
with some disseminated corals; and this island once 

existed as an atoll, though now surroundt!d by cliffs 
250 feet in height. The cliffs round ]£1izabcth Island 
ill the &'lOOC archipelago are 80 feet high, and arc 

compo!led, according to Beechey, of homogeneous coral

rock. Munguia in the Hervey Group, and UUTutu, 
appear both to have once existed as encircled islands. 
and their b..urier-recfll are now ill parts 300 fect above 
the lcvcl of the sca.~ 

Some nttempts have been made, with but little 
!>UCce8S, to f\SCert.nill by boring the thicklle~ of corn I 
formations. At Bow Island, in the Low Archipelago, 
Si r E . Belcher' bored to a depth of 45 feet, and 
below the first 20 found only eoral-sand. During 
Wilke's Expedition·, in a boring of 21 feet in depth 

1 Comb and Com! Is!Aud~. 1872, p. ]93. Soc alllO llr. COuthO\Iy'~ 
pamphlot abo,'" rd"rred to. 

o Dl.na, COf1l1lland CorAl blHnds. p . . n6. All!'O Forster'S Voy"ge 
round th.., World with Cook. ,'01. Ii. pp. 163, 16i. Willianu's ~1IrT8fi'i"'" 
of Aliwonary Eutflrpriso. PI', 30, 48, ~nd 149 • 

• YOY"gtI Rouod tho World, rol. i. 18·13, p. 369 . 
• N3rmti,'S U.R El:plorint1 Y.xpedilioD, Tol. if. p. 208. Dalla, 

Cornls aDd Cornl blun<.le, p. IU. 
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on one of the islands in the li1lmC archipelago, cor<ll
~nd was passed through for the first 10 or II feet, 
and then solid reef rock. On one of the }.faldiva 
atolls in the Indian Ocean, Captain Moresby bored to 
a depth of 26 feet, when his augur broke. He ga,'e 
me the matter brought up, and it was perfectly white 
like finely triturat.ed coral-rock, 

In my description of Keclilig atoll, I h:we ad
nl.nced some fact.i Khowing that the reef bas probably 
~rown outwards j and I found, just within the outer 
margin, the great mounds of Porites and of Milleporo., 
with their slimmitd lately killed, and their sides snb
sequently thickened by the growth of the coral: a 
layer, al.:;(I, of Nullipom had already coated the dead 
surface. As t.he external slope of the )"eef is the same 
round the whole of this and many other atoll~, the 
angle of inclination must result from an adaptation 
hetween the growing powers of the coral and the 
force of the breake)"s, and their act ion on the ioo1l(l 
sed iment. The reef, therefore, could not iUOJrease out
wards without a nearly equal addition to every part. 
of the slope, so that the original inclillation might be 
preserved, and this would require a brge amount of 
sediment, all derived from the wear of corals and 
shells, to he added to the lower p;.\rt. Moreover. at 
KCf'ling atoll and probahly in many other eases, the 
different kinds of cOr:l1 would have to encroach on each 
other; thus the ~uUiporre cannot increase outwards 
without encroaching Oil the Porites and Mili6P()l'l' . , 
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compianatlt, ns is now taking place; nor these latter 
without encroaching on the slrongly branched l\[nd r'!
porn, the J.l!UlcpO'J·(I, alciell1'nis, and some Astrreas; nor 
these ngain \I'itbout a foundation being formed for 
them within the requisite depth, by the accumulation 
of sediment. How slow, then, must be the ordinary 
lateral or outward growth of such reefs I But off 
Christmas atoll, wbere the sea is much more sllallow 
than is usual, we ba\'c good reason to believe that, 
within a period not very remote, the reef has in
creased considerably in widtb. The land has the 
extraordinary breadth of three miles; it consists of 
parallel ridges of shells and broken corals, which 
furnish 'an iucontestable proof,' as observed by Cook,1 
, that the i1'land has been produced by accessions from 
the sea, and is in a stnte of increase.' The land is 
fronted by a cornI. reef, and frOID thc manner in which 
islctg arc known to be formed, we may feel confident 
that. tbe reef was not three mill'S wide when the first, 
or most inward ridge, was tbrown up ; and, there
forc, we must conclude that the reef has grown out.
w,u(1s during tho accwnulation of the successille ridges. 
Here then, a waU of cornl·rock of very considerablo 
breadth has been formed by the out.ward growth of 

the living margin, within a period, during wilicn 
ridges of shells and corals, lying on tbe bare surface, 

have not decayed. There can be little doubt, from the 
d<:cOunt gh·cn by Captain B'ccebe:;, tbat :\fntilda atoll in 

. the Low Arcbipel~"O has been converted in the space 

, Cook·s Third \'OYlIge, book iii. eh. z. 
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of thirty- four years, from being, ns described by the 
crew of a. wrecked whaling \'es~el, n 'reef of rocks,' 
into a lagoon- island fourteen miles in length, with 
'o11e of it·R sides covered nearly the whole way with 

higll trees.'l The islets, also, on Keeling atoll, it has 
beell. shown, have incrca<led in length, and since the 

construction of an old chart, se\'ernl of them ha'·c 

become unite{l into one long islct: but in this case, 
and in that of :\fatilda :l.toll, we ha\·e no proof that 

the foundation of the i~lcts, namely the reef, has 
increased in breadth, alUlougb it WUl!t be allowed that 
this ig probable. 

I think, therefore, in regard to the pos~iLle rate of 
oulw(tJ'd b'TOwth of eoral-reef~, but little importancfl 
n('cd be attached to the fact that certain reefs in tilt' 

Red Sea. have not increased during a long interyalof 

time, or to other similar cases, !Oueh as tbat of Ouluthy 
atoll in the Caroline group, ,vhere e\'cQ' i!lict, describe-d 

a hundred ycars before by C .. mtova, wall found ill the 
same state by Lutkc.' For it cannot be l<hown that, 
in these cai!C~, the condition!! were tin-ournLle to the 

yigorous and unopposed growth of the cornls living 
in the different zone~ of depLh, ftnd tllat a proper ha~i~ 
for the extcnsion of the reef was present. TIlf'~f\ 

conditions must depend o~ many contingencies, and 
a basis within the requisite dcpth can rarely be pre-

'Beeo:hf'y·. Yoyugc to tho P~"ilie. eh. vii. IInrl .. iii. 
, F. Lut.ko·1 \'uyngo autour d" :o.fonilp. In th ... group Elato, ho ... · 

.... cr. it 'ppca", ~hll~ "hilt is noll' the i~!et Flllipi.;1 clllloJ. in Cautom·~ 
Chllrt. the n~ne de "!'''lipi. It i~ not titl\ted .... h~tber this haB been 
cllu.<d by Ille growtb of C()ral, Or Ly the accumulation of BIIIl'" 
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Hent in the deep oceans where coral formations most 
abound . 

::\'or do I think, when we consider the rate of the 

1lPllJet''Cl growth of reefs nnder fa\'ourable eircumstancel', 
that we should be influenced by the fact that certain 

submerged reefs, such as those ofT Tahiti or those wit.llin 
Diego Garcia, are not. now nearer the surface than' Ihey 

wero many years ago. For it has been !Ohown that all 
the rcer.~ bave grown to t.he 8urface in some of the 

Chagos atolls, but that in neighbouring atolls which 
appear to be of equal antiquity and to be exposed to 
the !'ame external conditiollll, e"cry roof remains sub

merged; we are, therefore, almost dri"en to attribute 
this to a difference, not in the rate of growth, but in 

the habiLS of the corals in the two cases. 
In an old-stancling reef, the corals, which greatly 

differ in kind on different p.'uts of it., are probably 

all adapted to t.he stations t.hey occupy, and hold their 
places, like other organic beings, by a stmggle one 
with auother and with external nat.ure; hence we may 

infer t.Imt their growth would be slow excepL under 
pc<:uliarly favourable circumstances. Almost the only 

natur:'l.l condition, allowing a quick upward growlh of 
the whole surface of a reef, would be a slow subsidence 

of the area in which it stood ;- if, for instance, Keeling 

atoll were to subside two or tlnee fcet, call we doubt 
that the projecting margin of lh'e coral, about Imlf an 
inch in tuickues.~, which surrOllnds thc dCl.ld tlppcr sur
f:lce!l. of the mounds of Porites, would in this calle form 

a conccntric layer o"or them, aud the reef Lhus increase 

• 
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upwards, instead of, as at pre~ent, outwards? The 
Nulliporre are now encroaching on tIle l'orites and 
Millepora, but in this case might we not confidently 
expect tbat tLe latter would, in their turn, encroach un 

the Nulliporre? After a sub~idence of thi~ kind, the 
8ea woulJ gain on tlle i~Jets, and the great fields of dead 

but upright corals in tIle lagoon would be covered by a 

bheet of clear water; and might we not then expect 
that these reefs would rise to the ~urface, as they au
ciently did when the lagoon was less confined by islets, 
and as they did within a period of ten years in the 
~chooner-clmllnel cut by the inhabilants. Tn one of the 
)laldiva atolls, a reef, which within a very few years 

existed as an islet bearing cocoa-nut trces, was found by 
Licut. l>renticc' entirely covered with live coral (J/nd 
llfw.b·epore.' The nati\"cs believe that the islet was 

wa5hed away by a cllange in the currents, but if, in

stead of this, it had quictly subsided, surely every part 
of the i~land which offered a solid foundation, would in 
a like manner have become coated with living coral. 

Through stcps such as these, any thickness of rock 

composed of a singular intermixture of various kinds 
of corals, shells, and calcareons sediment, might he 
formed; Lut without sub~idence, tile thickness would 
necessarily be determined by the depth at which Ow 

reE:f-building polypifers can exist. If it be askcd, at 
what ratc in year~ I suppose a reef of coral favourably 
circumstanccd could grow up froID a given depth; I 
must answer that we have no precise evidence on 
this head. It will, however, be hereafter shown that 
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in certain large areas where subsidence Las probably 
been long in progress, the growth of the corals has 
been sufficient to keep the reefs up to the surface; and 
t.his is a much more important standard of compariRon 

than any cycle of years. 
It may, however, be inferred from tbo following 

facts, tbat the rate under favourable circumstances 
wonld be far from slow. Dr. Allan of Forres bas given, 

in bis IHS. Thesis deposited in the Jibrary of the 
Edinburgh University. the following 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 numbel' of species 

met with at Foul Point (lat. 17 0 40'). twenty spe
cies of coral were taken off the reef and planted 
apart. on a sand-bank thnu feet deep at low waler. 
Each portion weighed ten pounds, and was kept in 

its place by stakes. Similar quantities were pL1.ced 
in a clump and secured as the rest. This was done in 
December 1830. I n J uly following, each detached 
mass was neady lc\-e} with the sea at low-water, quite 
immovable, and several feet long, stretching, like the 
parent reef, in the line of the coast-current from north 

to south_ 1'he masses accumulated in a clump were 
found equally increased, but some of the spccics in 

such unequal ratios as to be growing ovcr each other.' I 

The loss of Dr. Allan's magnificent colledion by 

I I o .. e the alxwe extract W the kindnees of Dr. :Maleolmgo:J . 
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shipwreck, unfortunately prevcnts its being known 
to what genera. these com1;; belonged; but from the 
numbers experimented on, it is cerlain tLat all the 
more conspicuous kinds must have heen included. 
Dr. Allan informs me, in a letter, that he believes 
it was a J\Iadrepora 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 eddent 
that the growth of the ten-pound masscs, during the 
six or seven months at tho find of which they were 
found to be immovably fixed I and several feet in 
length, must ha.ve been very great. The fact of the 
different kinds of coral, when placed in one clump, 
having increased in extremely unequal ratios, is vcry 
interesting, as it shows the manner in which a reef, 
supporting many species of coral, would probably be 

affected by a chauge iu the external conditions 
favouring one kind more than another. The growth 
of the ma~ses of coral in N. and S. lincs parallel to 
the prevailing currcnts, whether due to the drift
ing of sediment or to the simple movement of the 
water, is, also, an intercsting circumstance. 

Lieut. WcUstcad, LN., informed me that in the 
Persian Gulf a ship had her copper bottom en
crusted in the course of twenty months with a layer 

, It is stlltro by "Dh. De III Be.:-hc (Geologie .. 1 M~nu31, p. 143), 0::1 
tho authority of Mr. Lloyd, who 8Un"~yPd tha JRthmus of P"mlmn, th(lt 
BOmu 8pet'imens uf l'olypift nt, plncod by him ill a ~bc l t.ered pool of 
.... ater, ... e .... fonml in the roUl"!IU of" fuw daya firmly tiled I.>y the s«:rc· 
tion of a stou)" lUlltter, to tho bottom. 
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of coral two feet in thickness, which it required great 
force to remove when the vessel was docked: it was 
not ascertained to what order this coral belonged. l 

This fact in some uCb'Tce corroborates the result of 
Dr. Allan's experiments. The case of the schooncr~ 

channel, choked lip with coral in an interntl of lcs~ 

than ten ye.1.fS, in the lngoon of Keeling atoll, should 
be bere borne in mind. We may al~o infer, from 

the tronble which the inhabitants of the M:lldivu 

alolls take to root Ollt, as they exp"css it, t.he coral -

, Mr. Stuleblmty (West of Engillud Jourunl, Xo. I. p. (50) hill! du
Ili:Til"ed II 8}*Cime" of Ag'lfieill, 'w~ighi"g 2 H)~ (I (¥~., whith ""rI'(Iunds 
" species of oy.tor, whoso ago ~'1)ulJ. not be more Ih"" t'ln' yea"'l, and 
yet is completely enrelopt'd oy Ihis d~U9C 00r:.1.' I prc,umo that the 
oy~t~r WII' li,-ing when the 8p.;.:i",~n w!u l'l'<><:uroo; utherwi,c th~ faet 
lAll~ not.hing, Mr. StutchLury ailJO m~"tio,," all RHchor, which hl\(\ 
lwcome ootirely eucru~l.(Jd wilh' coral ill fifty ycarR: other c,,~~~, how
c,'cr, IIro r....:ord .. d of anchors having long remainod "mi(bt eor"l.tf'{!f$ 
without ha"ing b<lCOm6 N~.ted_ Th~ /lnch"r of thc lJN1gk, in 11S32, 
"ft .. r haring becu down cx>.~'tJy one month at Rio de J"110ir-o, WIUI f,(l 

thickly OOlltod by two ~pcci'·s of Tubularil., thRt large spaceR of Ihe iron 
"'ere eutirely concealed; Ihe tun.. of thi~ horny zoophyte WIIr" Uc!w.....,,, 
two and th ...... iuch"" in length. Spll.llam:aui stat"" ('1' ...... ,·e!s. Eng, 
'1'r;Ulslnt. 1"01. j, •. p_ 313) IhM in the )ledite .... aneHn. the red COI':II of 
('oDlm,'rl'C is Ilsually dtoo1;:ed c"cry ten yeRr.<, during "ll'hi~h time i~ 
groW" to a height of ono foot. it gr"w~, lw,,-cl"cr, at diO\l-rent 
rntcB in difl"ront placcs. It hH~ heen erronoously au~mpted to 
.,...wpute the rate of growth of " roof. from the f~ct mentio,,~-d 1.>y 
C~ptain Beechey of the Chll'll" 9'988 being e,"beddQd in coral J'O('k. 
Hut it shuuld 00 ,.,m~mberod, tlt"t .ome HpecieM of this genuB in~·"riahl.\' 
live, both whil,t young and old. in CUI-ilk'll, which tho animal ha.~ tbe 
power of enlarging wilh il./J growth. i ""w m,,,,y of th,'~o shull~ th,,~ 
"mbooded in tho outer' flat' of Keeling Moll. whid, i~ OOIUpos6rl f)f 

dead rock: aud thereforo Iho c>,~itiOli in thi~ ~->l1!6 hHd no I'dnliOIl 

wh~t .... er to the gro .... th of cur,,1. M_ r ... ·~;()II. abo, ~pcllking of lhi~ 

IIhe11 (l'"niu Zoo!og., VOYAge de III. CoqlliJlr). h~~ rema.kad. ''I'''' cop
~t.llmment I;fI.'! TRI"es etlieut cug,.g6oI COlUpUtcmellt d~n8111 malilro deB 
MndrulXlres.' 

The Complete Work of Charles Darwin Online 



SRCT. III. DEM'lr . lOi 

knoll~ from their harbours, that their growth clIn 
hardly be \'ery slow. r may lIdd, that )1. Ducbassaing 
broke oB' all the )ladreporcs growing on a marked 

place in 3. hay at Gnadaloupe; lind in the course of 
two months he found there a greater Dumber of corals 
than hefore. ' 

From the facts gi"cn in this section, it may be 
concluded, first, that. considerable thicknesses of rock 
have certainly been formed within the present gl.'O

logical flm by the grl)wth of cor-lis and the accumu

lation of their detritus; and, second ly, that. the 
increase of individual corals and of reefs, both out
wards or horizontlilly, and upwards or vertically, under 
condi! ions favo lII'able to such increase, is not slow, 

wIlen referred either to tho standard of the average 
oscillation:; of level ill the earth'~ ernst, or to the more 

precise bnt less important one of a cycle of yellrs. 

SECTION TIIIRIJ. 

0. tlte Dtptlu fit .... id RtJ(/.b.ifdi"9 CmaU lirK. 

1 1IAl'"£ already described ill dei.lIil the nature of the 
hottom of tIm sea immediately surrounding Keeling 

atoll; and I will here describe with almost equal 
care the soundings off the fringing- reefs (of Mauritius. 

1 sounded with the wide bell-shaped lead which Cl.Iptaill 
Fitz.Hoy u.sed at. Kccling T:'Jlaud. My e3'umination 

of the hot tom was confined to a few miles of coast 

I L'jllititut, ]8IG,I'. 11]. 
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(between Port Louis and Tomb Bay) on the leeward 
side of the island. The edge of the reef is formed 
of great shapeless mnsses of branching ,Madrepores, 
which clliefly consist of two sJX!cics, - apparently 
J1f. corymhosa and pociUijera,-rningled with a few 

other kinds of coral. These masses arc separated from 
each other by the most irregular bTUllics and cavities, 

into which tIle lead sinks many feet Outside this 
irregular border of Madrepores, the water deepens 

gradually to 20 fathoms, which depth generally is 
found at the distance of from half to thrcc-quartcI"S of 
a mile from the reef. A little further ont the depth 

is 30 fathoms, and thence the bank slopes rapidly 
into the depths of the ocean. This inclillation is very 
gentle compared with that out.siele Keeling and other 

atolls, Lut compared with most coasts it is steep. The 
water was so clear outside the reef, that 1 could 

distinguish eYery objcct forming the rugged botWm. 
In this part, and w a depth of 8 fathoms, 1 
sounded repeatedly, and at each cast pounded the 

bottom with the broad lead; nevertheless the arming 
invariably came up perfectly clean, but deeply in
dented. From 8 to 15 fathoms a little calca
reous sand was occasionally brougllt up, but more 

frequently the arming was simply indented. In all 
this space the two l\!adrepores above mentioned, and 

two species of Astr<ea with rather large stars, seemed 
the commonest kinds; and it must be noticed that 
twice at the depth of 15 fathoms, the arming was 

marked wilh a clean impression of un Astr:ca. 
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Besides these lithopllytes, some fragmenh of the 
Millepora alcicamis which occurs in the same relative 
position at Keeling Tsland, were brought up; and in 
tbe deeper p..'l.rts there were large beds of a Seriato

pora, different from S. subulatct, but closely allied to 
it. On the beach within the reef, the rolled fragments 

consisted chiefly of the corals just mentioned, and of 
II. massive Porites like that at Keeling atoll, of a 

Meandrina, Pocillopora VC1'r1.tCOSa, and of numerous 
fragment.s of Nullipora. From 15 to 20 bthoms the 

bottom was, with few exceptions, eit her formed of 
sand, or thickly covered with Seriatopora : t.his delicate 
coral seems to form at these depths extensive beds 
unmingled with any other kind. At 20 fathomll, one 
sounding brought up a fragment of lIIadrepora, ap

parently M. pocillifcra, and I believe it t.o be t.he 
same species as that which mainly forms the upper 

margin of the reef; if so, it grows in depths varying 
from 0 to 20 fathoms. Between 20 and 23 fat.homs I 
obtained seyeral soundings, and they all showed a sandy 

bottom, with one exception at. 30 fathoms, wIlen the 
arming came up scooped out as if by the margiu of a 
large Caryophyllia. Beyond 33 fathoms I sounded 

only once; and from 86 fathoms, at tIle distance of one 
mile and a third from the edge of the reef, tlle arming 
brought up calcareous sand with a -pI'bble of volcanic 
rock. The circumstance of the arming hu\·ing in

variably come up quite clean, WIWll sounding w~thill a 
certain number of fathoms off the reef.;; of Mauritius 

and Keeling atoll (8 fathoms in the former case, 
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and 12 in the latter), and of its ha\"ing 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 vigorous growth of coral might in all cases be 

readily ascertain<:d. I do l1Ot, however, suppose that 
if a vast number of soundings were obtained round 
these islands, the limit abm"c assigned would be found 

never to yary, but I conceive the facts arc sufficient to 
show that the cxcepLions would 00 few. The circlIIll

stance of a gradual change, in the two cases, f!'Om a 

field of clean coral to a smooth sandy lwttom, is far 

mOTe important in indicathlg tIle depth at which the 

larger kinds of coral flourish, than almost any nnmber 
of separate observations on the depth at which certain 
species have hcen dredged up. For we can llllderstand 
the gradation only as a prolongeil struggle against 
unfavourable conditions. 'If a pcr~on were to find the 

soil clothed with turf on the hanks of a stream of 
water, but on going to some distmlce on one side of it, 

he observed the blades of gra~s growing thinner and 
thinner with intervening patche~ of sand, until he 
entered a desert of sand, he wonld safely conclude, 

eilpecial\v if changes of the BalTIe kind were noticed in 

other places, th&.t the presence of the wawr was abso
lutely nece~sary to the formation of a thick bed of 
turf; so lTIay we conclude, with the same feeling of 

certainty, that thick beds of coral are formed only at 
~mall depths beneath the surface of the sea. 

I han'! endeavoured w coHeet every fact which 
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might either invalidate or corroborate this conclusion . 
Captain Moresby, whose opportunities for observation 
during his !;l1fVCy of the .l\laldiva. and Chagos Archi
pelagoes were unrivalled, informs me, t.lmt the upper 

part or zone of the steep·~ided reef" on the inner and 
Ollter coasts of the atolls in bot.h groups, invariably 

consisted of coral, and the lower parts of sand. At 

7 or 8 fathoms depth, the bottom is formed, as could 

be 8CC1l through t,he clear water, of great living 
masse!; of coral, \vhich at about 10 fathoms generally 

stand some way apart from each other, with patehe!:l of 
white sand between them, and at a little greater dcpth 
these patcllCs become united into a smooth steep slope 
withont any coral. Captain Moresby, also, informs me 
in support of the al)(we statement, that he only found 

decayed coral on tIle Padua Bank (northern part of the 
J,,'\ccadivc group), which has an average depth of 25 

to.35 fathoms; but that on some other banks in the 
s.'lme group, with a depth of only 10 or 12 fathoms, 
(for illStancc, the Tillacapeni b..'lnk) the coral was 

living. 
])rofcssor Dana likewise states that during the various 

and extellSive surveys in the Pacific Ocean, made during 
the United States Exploring Expedition, no evidence 
was fonnd of corals growing beyond the depth of :W 

fathoms. 1 I may here add tha.t Sir K Belcher, though 
he docs not state to what depth livillg corals extended, 
~ays that many soundings were taken off Bow atoll, at 

• Conlfand CQrsl leland-. 1871, r. 116. 
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depths ranging from 50 to 960 fathoms, and that the 
bottom always consisted of coral !'und.1 

With regard to tho coral-reefs in the Red Sea, 
Ehrenberg bas the following passage. 'The living 
cor:.Lls do not descend t1wrc into great depths. Ou the 

edges of islets and near reerR, where the depth was 
small, Ycry many lived; but we found no Illorc cven at 
six f:ltiloms. 'fhe pearlfishers at Yemen and l\Iussaua 

asst'rted that there was no coralllenr tbe pearl-banks at 
nino fathoms depth, hut only sand . 'Ye were not able 
to institute any more special rescarches.' ~ I am, how
ever, assured both by Captain )Ioresby and Lieut. W01l
stead, that in tho more northern parts of the Red Sea, 
there are extensive beds of li\'ingcoral at a depth of 25 
fathoms, in which the anchors of their vessels were 
frequentlyenlanglcd. Captain l\Ioresby attributes the 
less depth at which the corals are able to live in the 

places mentioned by Ehrenberg, to the greawr quant$ty 
of sediment there; the situations, where they were 
flourishing at t.he depth of 25 fathoms, were protected, 

and tbe water was extraordinarily limpid. On the 
leeward side of ':\[auritius, where I found the coral 

growing at a soillewilat greater depth than at Keeling 
atoll, the sea, owing apparently to its tranq uil state, 
was likewise very clear. Within the lagoons of some 
of tbe Marshall awll~, where the water can be but little 

agitat(..'(I, there are, according w Kotzebue, Ji\'ing beds 
of coral in 25 fathoms. FrOlll these several facts, and 

I Voyng<> Rouud tI,O World. 1843, p. 37(1, \'01. i . 
• Ebnmberg liber dio Natur, &e. p. [il). 
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eonsidcring the manner in which the beds of clean coral 
oil" ).iaurithl!, Keeling Island, the ).[aldi"a and Chagos 
atolls, ~dllated into a s:mdy slope, it appears very 
vrobable that the depth at which reef-bllilding poly
pifers can exist., is partly determined by the extent of 
incliuf'ri surfa.ce which the cnrrents of the sea and the 
recoiling waves have the powor to keep free from 
~ediment. 

Mi\(. Quoy and Gaimard I believe that the growth 
of coral is confined within very limited depths; and 
they state that they never found nny fragment of an 
Astrrea (the genus they consider most efficient in form
ing reefs) at a depth above 25 or 30 feet. But we 
have ~<'f!n that in several places the bottom of the sea 

is paved with massive corals at morc than twice this 
depth; and at. 15 fathoms (or thrice this depth) off the 
reefs of Mauritius, the arming was marked \vith the 
distinct impression of a living Astrma. Jl!u[ttpor" 
alcicornis lives in from 0 to 12 fathoms, and the genera 
Madrepora and Seriatopora from 0 to 20 fathoms. 
Captain Moresby has given me a specimen of SUkropora 
scabl"a (Porites of Lamarck) brought up alive from I; 
fathoms. ;\Ir. CouthollY' states that on the Bahama 
l)ll.nks he dredged lip considerable masses of Mean· 
drina from 16 fathoms,and has seell this coral growing 
in 20 fathoms. 

Captnm Beechey informs me that branches of pink 

, Aon&lell dell Sci. N"t. toM. ~i . 
• Remarks on eo ... l Formation .. p. 12. 

I 
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and yellow coral were frequently brought up from be
tween 20 and 25 fathoms off the Low atolls j anti L icllt. 
Stokes, writing to me from the X. W. coast of Australia, 
says that a strongly branched coral was procured there 
fro~ 30 fathoms: uufortunatcIy it is not known to what 

genera these corals belong. 
Although the limit of depth, at Wllich each particular 

kind (If coral ceases to exist, is thus far froUl being 
accurately knowu; yet when we bear in mind the 

manner in which the clumps of coral gradually became 
infrequent at about the same deptll, and wholly dis

appeared at a greater depth than 20 fathoms on the 
slope round Keeling atoll, off the reefs in the Pacific 
(according to Dana). on the leeward side of the ~\lauri· 

tiu~, and at rathf'f lcss depth both within and without 
the atolls of the )faldiva and Chugos Archipelagoes; 
and wllen we know that the reefs round these islands do 
fl nt d iff't:r from olher coral formations in their form and 

I>trncLure, we may, r think, conclude thaI, in ol"dinary 
cases, rccf-buildillg polypifers do not flourish at greater 

depLhs than between 20 and 30 fathoms, and rarely at 
above 15 fathoms. 

It. has been argued,l that reefs may possibly rise 
from very brreaL depths through the llleans of ~mal1 
corall! first making a p1a.tform for tile growtll of the 

stronger kind8. This, however. is an arbitrary supposi
tion: it is not always renwmhcrcd, tlta,t in such cases 

there is an antllgoni~tic power at work, namely, the deeay 
of organic bodies when not protccted by a covering of 

, Jourllal Df tho Rop1 G&I'graph. ~. 1831, p. 218. 
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sediment or by their own rapid growth. We have, 
moreover, no right to calculate 0 11 unlimited t ime for 
the accumulation of small organ ic bod ies into g reat 
masses. E very £'\ct. in geology proclaims that neither 
the dry laud nor the bed of the sea retains the samo levcl 
for indefin ite periods. As well might it be imagined 
that t.he Brit ish Seas would in t ime bccomo choked up 

with beds of oysters, or t hat the numerOIlS SlOall coral
lines off the iuuospit.;tble shores of Ti erra del F uego 
would in time form a solid and extensive coral-reef. 1 

'1 will here rtrord tho few fllCl8 "hich I hll\'e been 111,,10 to collect 
II ~ to thl' depths, both "ilhiu and .... ithout Ihe t ropie>. illhllhilOO by 
IhON rornl~ lind col'\llIiDe<!I "hieh ""0 hl\\"o no I'CI\IIOD 10 8uppoee ever 
matfriftlly Bid ill tho OOUII!Ml~tiou of a Nef. lI t. SloktEI aL.o 6ho .. «I. 

II>Cl:tb I COU~'TRT "'<II I ".uu: OJ' z(OOPI'\"TK. fAUloms.~' l-l1" V\:DI<. J.umOlllTT. 

-- - ---- -
&ol'tularill " Cllpe 1l0ru66Q l Where HOUe;$ 
Culhlrill . ,it«> ,lilt\) gi"CD .the O~ 

A millutG e<::nlot en· Mlt,·atlon .. 
erWlling ~poci~, found 

Keeling At. 129 
my own.] 

liviujl: • 10' 
" AD Illlied. ~mall 810ny 

6ul~neric form. . .. S. C1'u~ Ui .... 60" 
A I)")rnl alhed 10 Vincularia, 

with eigllt ro"W"l! or cell~ • <0 o.a:: Dorn 
Tubnlipnra, nwr to T . p'llin~ . .Huo "w 

Do. do. . . " "I~l Chiloo ~39 
Cellepora, fOe"!'e ... 1 ~p<'(liCB and 

.. lIieo.l sult.genet;e forms " Cape ll<\rn 

1 
<0 t ChO/.l¢!Ar-;:h. Ditto . "d 

" 
-t6" 

Ditto .. S. Crul: lifl" 

E>I'harn . 30 {Tier ... , d('1 
~'U~;,,)39 

I)illo " S. Cruz n. MQ 
n ttcpo .... " Cape Hurn. 

l Qllo)"alld{lAi' 
Ditto . >0, {C.Gr.od Hop(! DIaN, A lUI. ". &ieo. ~ .. t. . 

t .... i. p. 284. , , 
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Millf>]1Ora." stron!! ('Oml with 1 
cylindrical b.aD"hes, of a 
pink colo"" about two 
mch"" h'!!,h, resembling in I' 
\100 form of ;'0 orifices ill, 
lI~pel'l\ of LumMCk . • 

CornEum 

Antip&thes 

Gorgoni!!. (or "" allied form) 

94 
"d 
30 

120 

16 

160 

l'Ot;'<TI<Y ASo 
8. U'I1TCDE. 

E, Chiloe 43° 
Tierra del 
Fu~go 63° 

CII.I\", 

"om'ORITY. 

o T paper ~ 10 l
l>eyr;sonel, in 

l»orbAry 33 N. HoyalSocitty 

Chonoa 45° 
May. 1762. 

(A1"rolh06,OD l'?'r·~he~ 
1 h6 COMt of II! orn~ . m 

lllruzil. 180 I ?f Ihls fact 
III II letter. 

me II C~ryQphylli" which wu dr<>dgIXI up alive by Caprnin King 
from 1\ depth of 80 fMhoms eft' Jlmn ' }'eMlIm<lez, in LIt. 33° S. F.Hi~ 
(Nat. Rist. of Coralliut', y. (6) 8t'\t~'I! that Ombcllularm w,,~ rro. 
cured in lat. 70° N. ~iu,kin9 to" li,,~ from thl' depth of 236 fath(lms; 
heuCEI this ~-Oral either must hllvu boou liootiug iOOOl<l, or WILl! entangled 
in u strny liM at the bottom. Off KGeling atoll l\ compound AllCi<li" 
(Sigilliul\) WIl8 brought up from 31) f""homH. "nu a piece of Bpon~, 
8pp.~~ntly li'l"ing. from 70, "od (> fragulUut of Nullipora., &SO appa.· 
~ntly !i'l"ing, from 92 fat,home. At ... gre ... ter depth than 90 falhoms 
tho bottom WI\8 thickly ~Irewed with joint/! of " HalirnP<l", And smllil 
frtlfl"'nentll of olhor Kulliporl(>, bu~ ull dCl<d. Cnpluin n. Allen, R.N., 
informs mo Ihat io the surl'ey of the \Vetlt J ndie41 it "'311 lIotiCfld, 

that betw~n the depth of 10 and 200 fathom., tho ..nunding-lead "try 
genel'3l1y eamo np cootod with the dead juints of,. lIalirneda. of whieh 
ho showed me 8pecirnen!. Off Pornambuco, in BllIZil, in llbout 12 
fathom", the bottom was covered WIth frogmen\.(!, dead and a\i"6, of II 
dull rOO Nullipora, lind I infer from Roussin's ch"rt, tlll.t a botton, 
of thi~ kind eItond! O'l"or II wide area, On the beach, within the 
cO\':'lI.rt-I'f~ of !lburitius, I'ast qu,.ntit;es of frogmentH of ~ullipora) 
Were pilod up. From these f!\Cu, i~ !'.ppear. that thc,;e simply or
gnniSf'(1 bodi~~, hf>longing 10 the I'~getllble kingdom, are amotlgst th6 
nw.! abuudnllt productioU8 of the ~ll. 
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CHAPTER V. 
" 

TIIWRY 0 .- TilE }'onMATIO~ 0)" TilE 1)1H"EREliT CLA&-~ 

Of COIlAL-REllrS. 

TA~ atoll, of t"~ Wrg<'1" arclliJltlag«I not lorn/ttl OIl ,u~ ","altr,. 
or on oo".h of MditMlf/-JfJf'_u lIfflll inkr$p"«d u:ilh moN,
TOti .. mwidCfl«- '1'''t r,ff«t, if Mom" aM «1.rlhquaJ.u all okJllI
JI~ r"a"9u in lkir dnU - 1'M origU! of bu,.,.kr-rtt!, <ilia (If 
atdu- 'l"heV rda1i~foNll4- 'J Re l;/tp-/Of'fMd INIga and WttiU ",ulld 
{Ite ~lwr(, of Ikomt l~-'I"M ring-f"rmtd NXj'8 of tIM N aldiw. 
tltol~- 11u,~bmrr9f(J Cfmdition (If pa"I~Of'o.f the !('}witl)! ~O>M IIlWU

tll,. ""1.-T"~ (iiu,lI(NlIt'IIt of Iltrg( ato/l,-Th~ .... imI of (It()/f~ bylintllr 
ruf,- '111~ !lr~t ClwfPM Runk-(N,jICtiOlll (XnI,idntd IJ ,,"i1Ig front Ih, 
affll alld amouNt of wfMid~ rtquiffll by 1M Ilumy-1'M pr<>talJl, 
COI7fJ'li"ilWII 0/ tk {Q~ p«rl. of 1JJd1,_ 

THE naturalist.!! who h~we visited t he Pacific, seem to 
have had their a ttention riveted by l.he lagoon.i!:llands 
or atolls,-tho.se gjngular ring'!' of conll-Iand which rise 

l~brnptly Ollt of the unfat.homable ocean,-and have 
passed over, almost unnoticed, the scarcely less won
derful encircling oo.rrier-reefll. The t heory most 

generally received 011 the formation of aw llil, is that 
they are based on submarine craters: but where can we 
find a. crater of the slitLpe of How awll, which is five 
times as long as it is broad (P late 1. fig. 4) ; or like 

that of )lcnchicoff Island ( Plate II. fig. 3), with its 
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three loops, together sixty miles ill length ; or likf' 
Rimsky Korsacoff, 113ITOW, crooked, and fifty~four miles 
long; or like the northern )[alcli,-a atoll!!, made up of 

numerous I"ing~formed I'~fs, placed on the margin of a 

disk,-ollc of which disks is eighty-eight miles in 
length, and only from tell to twenty in breadth? A 

furtheT difficulty on UJis theory of the origin of atolls 

arises from the necessary assumption of so large a 

Humber of immense craters crowded together beneath 

the ~ea . But, as we shall presently sec, a greater diffi
culty is involved, namely, tllat all tllese craters must 

lie witlJin IH~I\rly the same 1m'cl beneath the sen. 
Ne\'ertheless, if the rim of a crater afforded a basis 

at the propel' depth, I am far from denying llHl.t a 
reef like a perfectly characterized atoll might not be 
formed on it. Some such, perhap~, now exist; but 

it is incredible that the greater number could have 
thus originated. 

An earlier and better theory WI\!! proposed by 
Chamisso: I he supposes t hat as the more massive kind~ 

of corals prefer the surf, the outer portions of a reef will 

first J'f'ach tIle snrfacc llnd consequently form a ring. 

I remarked in the th ird chapter that a reef, b'Towiug on 

a detached h.'lllk, would tend to assume an awll-Iike 

structure; if, therefore, corals were to grow lip from a 
bank some f.'lt homs submergcd in a tlccp sell, having 

"teep sides and a level surface, a reef not to be dis

tinguished from an atoll might he formed; and r 

, Kotu:Luc's Fil'lit Voya,,'1l. "01. iii. p. 331. 
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helie\'c some such ex ist in thc West Indies. But on 
this view it mUBI, be abllumoo, that in every case the 
bll.~i;; CODsi!lts of. B. flat bank; fo r if it werc conically 
formed like:1 mountninous mass, we can see no reason 

why the eornl ~ should IIpring up from the Banks instend 
of from thl' centml and highest parts. As the lagoons 
of atolls are somelimes oven more than 40 fathoms 

deep, it mmt, ",Iso, be ilSlilimed au this viow, that at 8 
depth at whieh IIIl' waves do not break, the cornl grows 
more vigorously on tbe edges of a b.'lnk than on its 
c{'ntmi part; find this is 1\1\ assumption without any 
e\'idence, If we consider, moreover, the number of 

lhe ntolls in tho midst of t.he Pacific and Indian 
Ooonlls, this asslIIllption of so many submerged banks 
i~ in itself very irnprobaLle, 

No theory worthy of llolice hlUl been advanced to 
account for those barrier-reefs which encircle islands 

of moderate dimensions. Tho great roef which frautoS 
the C08:!t of Austroliu has been s1lpposed, but without 

:my eddenec, to rest on the edge of a submarine 
prf'Cipice pnrnllel to the shore. The origin of the 

third class, or of fringing-reefs, presents, I beliere, 
scurcely any difficulty, find ariscs simply from the poly
pifers growing in moderate depths, and not flourishing 

close to l-,TCntly shelving bca~hcs where the watcr is 
often turbid , 

What cause, then, has given to atoll:! and barrier

lccfs their characteristic forms? Let us see whether 
nu important deduction doe~ not follow from the 

following fact.:!,-first, tllat reef-buildiug corals only 
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flourish at a very limited depth,-and secondly, that 
throughout areas of vast dimensions, none of the 
coral-reefs and coral-islets rise to a greater height 
above the level of the sea than that attained by matter 
thrown up by the waves and winds. I do not make 

this lat.ter statement vaguely; I have carefully sought 
for descriptions of every island in the inter_tropical 

seas j and my task has heen in some degree facili

tated by a map of the Pacific, corrected in 1834 by 
MM. D'UrviUe and Lattin, in which the low islands 
are distinguislled from the high ones (even from those 

much le~s than a hundred feet in height) by being 
written wit~out a capital letter.1 I have also ascer
tained, chiefly from the writings of Cook, Kot.zebue, 

Bellinghausen, Duperrey, Beechey, and Lutke regard
ing the l'acific; and from Moresby 2 with respect to the 
Indian Ocean, that in the following cases tbe tcrm 

'low island' strictly meaus land of the height com
monly attained by matter thrown up by the winds 
and the waves of an open sea. If we draw a line 

joining the external atolls of that p..·ut of the Low 

I I ha.Te detected a. few errors in this map. rc"pet:ting tllO heights of 
~ome of the i~la.nds, which will be noticed ill the Appendix, wheffl I 
treat of oornl·formatiolls in geographical ord .. r. To Uw Appondix, alw, 
I mUBt refer for a. mo"" p"rticul",r account of tho d:!ta On which the 
following statemeut" llIe groundod . 

• &'0 alao Captain Owen's alld Lieut. Wood's pape"" ;n the Oeogrll. 
l'hical Journal, on the J\fHldiTIl and J.accadi\'6 Archipelagoes. Thc~o 

offi. .... r" p.'lrticulllrly refer to tho lownoBli of tho islets; but I ehietly 
ground Illy assertion respecting the~e two grouP", and the Chag<>B 
group, from information oommunicated to Ille by Captain .:uoreBby. 
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Archipelago ill which the isla.nd,; are 11UmerO lls~tbe 

plan always adopted-the figure will be a pointed 
E:llipse (reaching from Hood to Lazai·ef Island), of 
which the longer axis is 840 geograpbical miles, and 
the shorter 420 miles : in tbis space,l none of the 
innnmerable isletfl, united into great rings, rise above 
the stated level. The Gilbert group is \"ery narrow, 
and 300 miles in lengt.h. I n a prolonged line from 
this group, at the distance of 240 miles, is the 
::\[arsha.ll archipelago, the figure of whicb is an 
irregular square, one end being oroader than the 

other; its length is 520 miles with an average width 
of 240 : these two groups together lre 1,040 miles in 
length, and all their islets arc low. Between the 

southern end of the Gilbert and the nort.hem end of 
Low Archipelago, the ocean is thinly strewed with 
islands, all of which, as far as I have been able Lo 
ascert:lin, arc low: so that from nearly the southern 
end of the Low Archipelago to lhe northern end of 
the Marshall Archipelago, there is a narrow band of 
ocean more t.han 4,000 miles in lengt.h, containing a 

vast number of isi;mds, all of which are low. In the 
Western part of the Caroline Arcllipclago, there is a 
space of -180 miles in length,and about 100 in breadth, 

, MetiS or Aurora bbnd hlUl '-II upraised; but It liell N.R. of 
Tahiti, and in the map .. ppended to tbi& VOIUnlft is dO51'! witbout 
the line bounding the 'pace bere referred to. J shAll blln, occasion 
hertaftcr to ",aka IiIOme remarks on the snpl!Ofi!OO slight c1~vatlon (of 
about three feet) Qf the I\tolls of tlu, ww ,\1'('hipelago, sub6cqucntly to 
th~ir original fOM!lation. 
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thinly inter!persed with low islands, LasLly, in the 
Indian Ocean, the archipelago of t.he l\laltlims is 470 
miles in length, and GO in breadt.ll; that of the l..ac
cadives is 150 br 100 miles: as there is a low island 
between t.hese two f:,"'oups, they may be considered as 
one group of a thousand mile~ in length. To tIds 

may be added the Chug-Oil group of low ii!land~ , 

situated 280 miles distant, in a line prolonged from 
the soulhern extremit.y of the Maldivas, This group, 
including the suhmerged banks, is 170 miles in length 
and 80 in breath, So striking is the uniformity in 

dirt"ction of these three archipelag0C8, all the islands 
of which are low, that Captain .\[oresuy, in one of his 

papers, speaks of them ai> parta of one great chain 
nearly 1,500 miles long, ram, thell, fully justified 

in repeating t.bat. immense spaces both in the 
Pacific and I ndian Oceans, arc interspcl1!Cd with 

islands, of which llone rise aOO\'6 the height to which 
the waves and winds in an open sea can heap up 
matter. 

On what foundation;:, thOll, have the~o reefs and 
i~lets of coral ken constructed? A foundation must 

originally ha\'e lx.'t'll present beneath each atoll, at 
that limited depth which i!l indisptlnsable for the 

first growth of tbe reef-building polypifcrs. A con
jecture will per1lUp~ be hazan.led, that the requisite 

bases may ha\'e hocn afforded by the accumulation of 
gl'ea~ banks of sediment, wllich did not quite rt>:l.ch 

the suriilce owing to the action of superficial curre!lt~, 

aided poss ibly by the undulatory movement of the 
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!>Ca. 'J'lJis all!lcunt actually to ha\'e been t.he case in 
&Oint'> parts of the West.1ndian Sea. Hut in the form 

and disposition of the groups of atoll~, there is nothiug 
to eonntenunce this notion; aud the lUIsumption that 
II nnmber of immellso piled of sediment have been 
heaped on the floor of the great. l'aeifie and Indian 

Oceans in their ceutml parts, far remote from land, 
where t.he, dark blue colour of the limpid water 

bespeaks its purity, cauntlt for one momeut be 
admitted. 

The many widely scatten'<i aloUs mllst, therefore, 
fest on rocky bases. Uut we cannot. believe tlJat a 

broad mountain s\lmmit liCl! buried at the depth of 
a few falhoms beneath e\'ery atoll, lind nevcnhelcss 

that tllroughout. tIle immense areas above-named, not 
one point of rock pr()jects IIbove the level of tho sea. 

For we may judge of moun til ins beneath the sea by 
those Oil the land; and where t'Ull we find a single 

chain, much Ic-~ 8O\'eral sucb cbains, many hundred 
miles in lengtb and of con,;ic.lcrable breadt.h, with 
broad summits attaining tho same heigllt, from within 
) 20 to 180 feet? E\'en if it be <lssumt..'<i wit.hout any 

e\'idenoe that the reef-building comb can flourish at a 
depth of 100 fathoms, yet thA weight of the above 

arg'ument. is but little diminished j fur it is very im
probable, that as many Ilnbmarine mountains, as there 
are low islauds in the S('\'eral great. aud widely-sepurat.cd 

atcas al>O\'f"-specified, should nil rise within 600 feet of 
the surface of tho sea anu not one above it., a.~ tllll.t they 

should be of the same heigbt within the smnller limit. 
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of onc or two hundred feet. So highly improbable IS 

this supposition, that we a.re compelled to believe, that 

the rocky foundations of the many atolls did never at 

anyone period all lie 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 ha,'c been effected 

by elevation; for the belief that points 60 lllunerous and 
so widely-separated were successively uplifted to a cer
tain level, but that not one point was rai!;Cd ab(we that 
level, is quite as improbable as the former sllppositioll, 
and indeed differs little from it. It will probably occur 

to those who have read Rllrenberg's account of the reefs 

of the Red Sea, that many points in these great areas 

may have been elevatl'd, but that as soon as raised, the 

protuberant parts were cut off by the destroying action 

of the wa\'es: a moment's reflection, however, on the 

basin-like form of the atolls, will show that this is 

impossible; for the upheaval and subsequent abrasion 

of an island would leave a flat, disk, which might. become 

coated with coral, but not a deeply concave surface; 

moreover, we should expect to sec, at least in some 

parts, the rock of the foundation brought to the surface. 

If, then, the foundations of the many atolls were not 

uplifted into the requisite position, they must of neces

sit.y have subsided into it; and this at once solves ewry 

difficulty,! for we may safely infer from the facts given 

, 'I'he "i1ditional difficulty on the ~ra.trr hypothosis hcff)rell.llud<>d to, 
willllow 00 ovidont; for <J1l this view the voleallic aetioll mli.'lt be ~up. 
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in the hlst chapter, that during n gradual subsidence 
tho comls would be fa"ourably circumstanced fOf build
ing np their solid frameworks and froching the surface, 
as island after island slowly d isappeared . Thus areas 

of immense extent in tbe centl'l.ll aud most profound 
pnrta of the great oceans might heeome inteTilpcrsed 
with coral-islet.!!, none of which would risc to a greater 

height t.han that at.taincd by detritus heaped up by the 
Rea., and nevertheless they might all bave been formed 

by corals, which absolutely requir~ for their growth a 
solid fOllndation within a few fathoms of the surface. 

It would be out of place bere to do more than 
alludo to t.he many facts, showing t.hat the supposition 
of Il grndual subsidence over largo areas is by no means 
improbable. We have t.he clearest. proof t.hnt n move
mCllt of this kind is possible, in the upright trees 

poted to han formed ... ithill the a.nl38 apeeiHed " " .. I numoor of 
~n.tH$, all riling within II few £lIhOIIUl or Iho .uzi"C(!. aDd Dot ODe 
aoo\"e it. Tho .uppo'litioll that the ~ .... ~rs w,re at djft"'ren~ tillll'1l np
... i«l(l abo\-o the 10rf_ and 'IIIW'O tbCTf' abr'flded by the mrf aod ~ub
IIlqHlltly _too by coni" ii ~ubj_ed 10 1I00001y the IWIme objectious 
';Ib thoto w,'en "t tbe bouom of the hu;~ (IOIgO; but I eonsidcr it 
,aperftuon. 10 dl'Ulil .11 thG "rguments oppoeoo.i to lutb II. notion. Ch". 
mi!ItQ', Theory, from _uming th(l ~1i8\.<luCe of 110 mllny \)Rnb, ~U lying 
&t the pl"t>per dopth boJueB.th the wilter. i~ al8<l \'i\lIlly d~rtetj\"o. The 
"'nlG obl<l .... tioll uppli&ll 10 an hypotb .. i~ of Lieu!. NelllOo's (Geolog. 
T'tIIna. \'01. v. p. 12:1). who .upfJOll" thllt tho ring.formed 'tmelUn> is 
QUlIOo.l by " greate r uum!);;r or genm of comb! be..'Ilmiog attached to 
the dedi"ity, than 10 the ceotl'lll plelf1lu or e ulbmRrine bank; it lik",. 
-.riM al'pliOll 10 the Ilotion formorly fllt .. ru.illed (}o'orsw r". OlMer\". p. 
161), thAt lagooII·illaod. owe their ~lill rona to the i.utillCli'"e un· 
deDcifl of the polypifers. Aocording 10 thi,lauer ,io"', tbe evralallD 
llIe outtlr margin of the ~ instineti"ely oppoMl thcm&eI1'(11 to the $Ilrf 
in order 10 ,,/foN protottion t.o c:orals !iring in tho l4gooD wbith belong 
to otber genonl Iud \0 otho: £uwiJiu! 
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buried under strohl many tholL'<Jlnd feet in thickness; 
we have also every reason for beli~ving that. there are 
now large areas gradmllly sinking, in the same manner 
as others nre ri.~ing. And when we consider how many 

p.uts of the surf.'lOO of the gloho have been clevated 
within recent geological periods, we mu!'t admit that 
there have boon subsidence!! on a corresponding ~ca l c, 

for otherwise the whole globe would haVe swolleD. I t 
is \'ery remarkable that. Sir C. LyeU,' even in the first 
edition of his Principles of Goology. inferred that the 

amount of subsidcnee in the Pacific must have exceeded 
tlmt of elevation, from tbe arl'l\ of land being vcry 
small relalh'cly t.o the agents thero tending to form it, 
naw.ely, the growth of cornl and volcanic action. Rut, 
althongh !>ubsidcnec may explain a phenomenon other
wisc inoxplicable, it may be asked, aru thure any direct 

proofs of a subsiding mo\'cment in these are..1s? This, 
bowe\'cr, can hardly be expected, for it IUllst c\'er be 
most difficult., cxcepting in countries long ci\'ili7.ed, to 
detect a movement the tenduncy of whi..:b is to conceal 

tbe part affected. In barbarous and semi-ch'ilized 
nations how long might not a fl low lDo\'cment, cven of 

e1c\'ation liuch as that now affecting Scandinavia, have 
c$Caped aUcution ! 

Mr. Williams t insists strongly that the traditions of 

the nati\'es, which he has tnkl'u much pains in collect

iug, do not iudic:~te the appearance of any new islands: 
but on the thoory of a gradual subsidence, all that would 

, Pl'i~iplet" of Geol~. ~i,,'h ffiition • ...,1, iii. p. 38G • 
• Williams', XamUito of l1;niolllry ,,:nterpri~, p. 31. 
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be apparent would be, t.he water l!ometimes encroaching 
slowly on t.he land, and the land af.,'ll iu reco,'ering by 
the accumulation of detrit.us its former extent, and 

perhaps somctimcs the con"crsioll of lin atoll with coral 
islets on it, into a bare or into a sunken annular reef, 

80cb changes would naturally take place at tIle periods 

when the sea rose above its usnal limits during a gale 
of morc than ordinary strength"; and the etfeell; of thc 
two causes would be hardly distinguishable, In Kotze

bllc's Voyage there arc accounts or islands, both in tbe 
Caroline and .Marshall Archipelagoes, whien ha\'c been 
p.'lrtly washed away during hurricanes; and Kadn, tho 
nat.h'e who was on board one of t.he Russian yesselst 
said j he saw t.he sea at Uadack rise to the feet of the 
cocoa-nut trees; but itwas conjured in time.'1 A storm 

lately entirely swept away two of tht: Caroline I slauds 
and com'erted them into .!lboals; it al~o partly dcstroyed 
two other islaudll.2 According to 1\ tradition which was 

communicated to Captain FitzRoy, it. is believed in the 
l.ow Arehipcclago, t.hat the arrival of t.be first sh ip eaul!Cd. 
{l great inundat.ion whicb destroyed many live!!. ::\Ir. 
St.utehbury relates that. in 1820, the wcstern side of 

Chain Atolt ill t.he sarne group, was compler..cl)' dc~ 
"ast'lwd by a hurri~llle, and not lcs.q t.han 300 Jives 
lost : 'in this inst;lllce it was evident, e\'cn to t.be 

natives, tJlat the hurricane alone was not sufficient to 
account for the violt:nt. agitation of the ocean.' a That 

, Kolxubu"" ('Il;;not ,'oynge, 1"01. iii. p, 168 . 
• . M. Dp!! ",oulin ~ in Compte!! UcnulI.r., 1810. p. Sai. 
I W,,"~ of 1::~j::I.lltd Joorl1l1l, ~o. 1, p. 36. 

The Complete Work of Charles Darwin Online 



128 TlrEORT or TilE rORllATII)N ClI. ", 

considerable changes h:we taken V1acc recently in @omc 
of the atolls ill the Low Archipelago, appears certain 
from the case of .:\fntilda Island gwell in the lastchu.ptcr. 
With respect to Whitsunday and Gloucester Islands in 
this <:.ame group, we must either attribute great inac
curacy to their discoverer, the famous circumna\'ignl(lT 
Wallis, or belic,'c that tbey lHL\'C undergone a consider
able change in the period of fifty-nine years between his 
\'oyage and that of Capt..'\in n ccehcy's. Whi tsunday 
Island is described by WalIilI lllI 'about four miles long, 
and three wide,' now it is only one mile and a-half 
long. The appearnnce of Gloucester h;land, in Captnin 
llecchcy's words,1 'has been nccurntcly described by its 
disco\'crer, but its prcsf'nt form aud extent difTer mate
rially.' Blenheim reef in the Ch:tgos group, consi~t.s of a 
water-washed annular roof thirteen miles in circumfer
ence, surrounding a lagoon ten fathoms deep; on its sur
faci> there are a few wom patches of conglomcrate cornl
rock of about the size of hovels j and tbese Captain 
)loresby considp.ril a8 being, without. douht, the last 
remnants of isleta; so that hero an atoll has been con
verted into an atoll-formed reef. The inhabi taotA of 
the )laldim ArChipelago, as long ago as 1605, dccJnrcd, 
'that the high tides aod "iolent currcnts were always 
diminishing thc number of the islandll:' 2 and I havc 
already shown, on the authQrity of CapUlin Moresby, that 

I Ueoehpy'. VO)'lIge 10 Iho pllcin~, ~hap. vii., lind W4lli",Voyage in 
tbe J)dpltj,., ~h .. p. iv, 

I See liD eJ:tmet from Pyr;ud', "orage in Q\ptain Owen', p!lpt'I' on 
tbe )ialdif'll Arehi~lago, ill the Orographkal JOUl'Ilal, , .... 1. ii, po. 84, 
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the work of destruction is still in progress; but that on 
the olher hnnd the first formation of !lOme islets is 
known to the present inhabitant!!. In such cases, it 
would be exceedingly difficult to detect a gradual sub
sidence of the foundation on which these mutable 
structures rest. 

Some of the archipelagoes of low coral-islands are 
subject to earthquakes : Captain .Moresby informs me 
that they are frequent, though not very strong, in tbe 
Cbagos group, which occupies a central position in the 
I ndian OCC'".l.D , and is far from any land not of coral 
formation. One of the islands in lhi:; group was 
formerly OO\'ered by a bed of mould, which disap
peared after an earthquake, and was believed by the 
residents to ha,·c been wa.~hed by the rain into the 
underlying fractured rock : the island was thus ren
dered unproductive. Chamisso l states that earth
quakes are felt in the Marshall atolls, which are far 
from any high land, and likewise in the islands of 
the Caroline Archipelago. On Oullcay atoll one of 
the lalter, Admiral Lutke informs me that he ob
served ge\'eral straight fissures about a foot in width, 
running for some hundred yards obliquely across tbc 
wllOle width of the reef. Fissures indicate a stretching 
of the earth's crust, and, therefore, prob.:'Lbly changes 
in its levcl; hut these coral-islands, which have hoen 
shaken and fissured, cert."linly have not been elevated, 
and, therefore, probably have subsided. We shall 

' Sea CimmiNO, in Kotzebuo'. F irst. Voynge. vol. iii. p. 182 ond 13G. 

K 
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hereafter see that the position of certain ancient build
ings in the Caroline Archipelago clearly indicates recent 
subsidence. In the chapter on Keeling atoll, I lul.\'c 
also attempted to show by dircct evidence, that the 
island subsided during tJlC cnrthqunkea larely felt there. 

The facts then stand as follows :-there arc many 
large ~pa.ccs of ocean without any high land, inter
spersed with reefs and islets formed by the growth 
of those kinds of coral which cannot live at great 
depths; and the c:dsoonoo of these reefs and low 
islets in such numhers and at sucb distant points, 
is inexplicable, e:Icepting on the theory that their 
rocky bases slowly and successively sank beneath the 
level of the sea, whilst the corals continued to grow 
upwards. No posith'c facts are opposed to this view, 
and some direct evidence, as weU as geneI"'dl considera
tions, render it probable. There is also evidence of 
change in form, whether or not from subsidence, on 
some of these coral-islands; and there is evidence of 
subterranean disturb."mees beneath them. Will then 
the theory, to which wo havo thus been led, solve the 
curious problcm,-what has given to each class of reef 
its peculiar form? 

Let us in imagination plaee within a subsiding area, 
an island surrounded by a 'fringing-recf'-that kind 
of which the origin alone offers no difficulty. Let the 
unbroken lines in the woodcut (~o. 5) represent a 
yeItiesl section through the land and water; and the 
horizont.·l1 shading a. ","elion through the reef. Xow, as 
the island sinks down, either a few feet ata time or quite 
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insensibly, we may infer from \vbat wo know of the 
conditions f{l\'ourable to the growt.h of coral, that the 
living DllI.SSeII bathed by the surf on tho margin of tho 
reef, will soon regain tho surface. The water, however, 
,vill encroach liWc by littlc on the shore, the island 
becoming lower and smaller, and 'the space between the 
edge of the reef and tho beach proportionally broader. 

No. fo. 

A A-Outer edgo of tho roof at tho levol ot the sea. 
13 n-Shores of tho isl:and. 
A' A'-Outer «Igo of tho I"e(l f. Idler it3 upwanl grollth during n period 

of 511,,"iden~. 
C C-Th" lagoon-e.hnnutl between the rtef And the Ihort'll of the now 

encircl&d land. 
B' D'_Th ... ehoJ'M of tho t!ucin:lec1. i.lAlld. 

N.R In this, lind the followill8 woodeut. the subsidence of a.e land 
('Ould only be rcprestnUd by An App3rtcnL riflO in the leTel of the Ita. 

A section of the roef and iRland in this state, after a. 
subsidence of several hundred feet, is given by tho 
dotted lines : coral-islcts aro supposed to havc been 
fonned on the new reef, and a ship is anchored in 
the lagoon-cbannel. 'I'bis section is in every respect 
that of an encircling barrier-reef, and is, in fact, 

.2 
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laken E. and W. through the highest point of the 
encircled island of Bolnbola,l of which a plan is given 
in Plale I. fig. 5. The same section ill more clearly 
shown in the following woodcut (No. 6) by the un
broken lines. The \vidtb 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 
different conditions, for instance, of the force of the 
breakers and currents to which it bas been exposed ; 

and the lagoon-cbannel will be deeper or shallower, in 
proportion to the growth of the delicately branched 
corals within the reef, and to the accumulation of 
sediment; rciath"cly, also, to the rato of subsidence and 

the length of the intervening stationary periods. 
It is evident in this section, that a line drawn per

pendicularly down from the outer edge of the new reef 
to the foundation 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 enn 
hvc,-the corals having grown up, as the whole sank 
down, from a basis formed of other corals and their COD

solidated fragments. Thus the difficulty on this head, 
which before seemed so grcoat, disappears. 

As the space between the reef and the subsiding 

shore continued to increase in breadth and depth, and 
as the injurious effects of the sediment and fresh water 

, Tho section h>ls been mado from. thl) ehar~gi\'en in the Atlas of the 
V0111ge of the Coquillt. The 6eIllo ;8 '~7 of >In ineh to "mile. Tho 
height of tho islend, ACI!Ording lO M. la8on, is 4,026 foot.. ThedHpelit 
part. of tho lagoon-channol is 162 fcot ; ita depth is exaggerated in tho 
woodcut for tho sako of clearneu. 
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borne down from the land were consequently lessened, 
the greater number of the channels with which the roof 
in it.s friuging state must have been breached, especially 
those which fronted the smaller streams, will have 
become choked up by the growth of coral: on the wind
ward side of the reef where the coral grows most 
vigorously, tbe breaches will prob.'\bly have first been 
closed. I n barrier-reefs, therefore, the breaches kept 
open by draining the tidal waters of the lagoon-channel, 
will generally be placed on the leeward side, and they 
will still face the moutils of t.he larger st.reams, although 
removed beyond the influence of t.heir sediment and 
fresh -water ;-and this, it has been shown, is commonly 
the case. 

Referring to the following diagram, in which the 

No.6. 

A' A'-Outor edges of the \.l!In'ier·reef at the level of the tiCH. Tho 
cocoo-nut trec~ I'fIprt8eot com! islets formod on the reef. 

C C-Tblllagoon eful.ooel. 
]j,' B'-The 8ho~ of tho i.hlnd, gentmily fonned of 1011" allurial hllld 

and of coml detritUl!l hom tho IApn-chlUlncl. 
A" A"-Thc octer edges of the rttI DO'" forming !In !ltoU. 
C'_The lagooo of the ne .. ly.fonned atoll. Aoeording to tbo _10, tho 

depth of the lagoon aDd of tho lagoon ehanncl it cuggel'8ted. 
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newly-fanned 'barrier-reef is represented by unbroken 
lines, instead of by dots as in the former woodcut, let 
the work of subsidence go on, and the doubly-pointed 
bill will form two small islands included within one 
annular reef. Let the island continue to subside, and 
the coral-reef will cont.inue growing up on its own 
foundation, whilst the water gains incb by inch OD the 
laud, 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 anchored in its lagoon, but islets arc not supposed 
yet to have been formed on the reef. The depth of the 
lagoon and the width and slope of the reef, will depend 
on the different circumstances to which it has been 
exposed, as just stated with resp<.'<:t to barrier-reef,.. 
Any further subsidence will prodllce no ebange in the 

atoll, except n diminution in its size, from the reef not 
growing vertically upwards. I mny here obsen'e, that 
a bank either of rock or of bardened sediment, level 

with the surface of the sea nnd fringed with li\'ing 
coral, would be immediately converted by subsidence 
into an atoll, without passing, as in the case of a reef 

fringing the shore of an island, through the inter
mediate form of a barrier-reef. As before remarked, if 

such a bank lay a few fathoms submerged, the simple 

growth of the coral, without the aid of subsidence, would 
Jlroduee a structure scarcely to be distinguished from a 

true atoll; for the corals Oil the outer margin, frem being 
freely exposed to the open sea, would grow vigorously 

and tend to form a continuous ring, whilst the grewth 
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of the less massive kinds on the central expanse, ,vould 
be checked by tho sediment formed there, and by that 
washed inwards by the l)reak(>rs; and as the space be

came shallower, their growth would also be checked by 
the impurities of the water, and probably by the small 
amount of food brought to them by the enfeebled cur
rents. Tho subsidence of a feef based on a bank of this 
kind, would give depth to the central expanse or lagoon, 
steepness to the flanks, and through the free growth of 

tho coral, symmetry to the wholo outline; but, as we 
have seen, the larger groups of atolls in the Pacific and 
Indian Oceans cannot havo been formed on banks of 
this nature. 

If, instead of an island, as in the diagram, the shore 
of a continent fringed by a reef were to subside, a great 
barrier-reef like that on tho N.B. coast of Australia, 
would be the necessary result; and it would be separated 
from the main land lJy a deep-water channel, broad in 
proportion to t.he ~mount or subsidence, and to the less 
or greater inclination of the bed of the sea. The effect 
of the continued subsidence of a barrier.reef, and ita 
prob..'lblo conversion into a chain of sepamt.e atolls, ,vill 
be considered when we discllss the progressive dissever
ment of the larger :Maldiva atolls. 

We now are able to perceive that the close similarity 
in form, dimensions, stnlCture, and relative position 
between fringing and encircling barrier-reefs, and be
tween these latter reefs and atolls, is the necessary result 
of the transformation, during subsidence, of the one 
class into the other. On this view, the three classes of 
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reefs ought to graduate into each otber. Reefs having 
an intermediate character between those of the fring
ing and barrier classe5 do exist; for instance, on the 
S.'V. coast of l\Iadag'dscar, a reef extends for several 
miles, witbin which there is a broad channel from 
7 to 8 fathoms deep, but the sea does not deepen 
abruptly outside the reef. Such cases, however, arc 
open to doubt, for an old fringing-reef which bad 
extended itself on a basis of its own formation, would 
hardly be distinguiBhable from a barrier-reef produced 
by a small amount of subsidence, and with its lagoon
channel nearly filled up with sediment during a long 
stationary period. Between barrier-reefs, encircling 
either a single lofty island or several small low ones, 
and atolls including a mere expanse of water, a striking 
series can be shown; and in proof of this, I need only 
refer to Plate I ., which speaks more plainly to the eye, 
tban any description to the car. The authorities fl'om 
which the figures have been copied, together with some 
remarks on them, arc given on a ijeparate pagc descrip
tive of thc plate. At New Caledonia (Plat-e II. fig. 5) 
thc barrier-rcefs extend for 150 miles on each side of 
the submarine prolongation of the island; and at the 
northern extremity these reefs appear broken up and 
converted into a vast atoll supporting a. few low coral_ 
islets. We may imagine that we see in New Caledonia. 
the effects of snbsidcnce actually in progrcss,-the 
water always encroaching on the nortbem eud of the 
island, towards which the monntains slope down, and 
the reefs steadily building up their massive fabrics ill 
the line of their ancient growth. 
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'Ve have as yet only considered barrier-reefs and 

atolls in their simplest form; but there remain some 

peculiarities in structure and some special cases, which 

were described in the two first chapters, to be accounted 

for by our theory. These consist, firstly, in the presence 

of an inclined ledge terminated by a wall, and some

times succeeded by a second ledge with a wall, round 

the shores of certain lagoons and lagoon-channels; for 

tl1is structure cannot be explained by the mere growth 

of the corals ;~sccondly, in the ring or bason-like form 

of the central and circumferential reefs of the northern 

.l\Ialdiva atol1!'1,-thirdly, in the disseverment of some 

of the l\Ialdiva atAJlls,-fourthly, in tlle existence of 

irregularly formed atolls, some tied toget.ber by linear 

reefs, and others with spurs projecting from them,

fifthly, in the submcrged condition of the whole, or of 

parts of certain barrier and atoll-formed reefs, and in 

the submerged parts being generally to leeward,

and, lastly, in the struct.ure and origin of the Great 

Chagos bank. 
Step-f~ ledges round certain lag0Qn8.-If we 

suppose an atoll to subside at an ext.remely slow rat-c, 

the living corals would grow up on the outer margin 

and on the deeper parts of t.he bare and hard surface 

of the annular reef. Detritus would soon accumulate 

aud become agglomerated on this surface, after a time 

forming islets. Consequently the whole atoll before long 

would recover its former structure and appearance. If, 
however, an atoll were to subside somewlmt suddenly to 

the depth of a few fathoms, the whole annular reef, 

consisting of solid rock, would constitute an excellent 
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basis for the attachment and subsequent upward growth 
of a great bed of living corals. But the corals would 
not be able to grow up from the sandy shores of the old 
lagoon; consequently the new annular fcef would be 

separated from the Dew lagoon by an abrupt edge or wall. 
As the corals would grow upwards much more vigorously 
on the outer side, and morc detritus would be accumu
lated there, tho surface of the new annular reef would 
slope gently inwards. Hence tllC summit of the new 
annular reef on the inner side would probably never 

rise above the level of the DOW lagoon, and in this case 
would be covered with sand. If now a second and 
somewhat sudden subsidence were to occur, the same 

results would follow as during the previous and similar 

subsiding movement. Consequently the new lagoon 
would be surrounded by two inwardly sloping ledges, 
whieh once existed as the summits of two successive 

annular reef~, both tenninated on the inner side by 
vertical walls or cliffs.l 

The ring 0)' bason-formed 1'eefs of the nO'rthe?'}"!

Maldiva alolls.-I must fir~t observe that small reefs 
within large lagoons or within broad lagoon-channels, 
would grow up during subsidence; and therefore such 

, According to Mr. Couthouy (po 26) tho rztN"nal slope round many 
atolls deseends by a sUC<'C8sion of lcdge~ or terraces. lie attcmph, but 
I douht whet.hpr succel;Sfully, to explain thi6 8trllcture IKImewhat in the 
sarno mannOr as I haTe l1.Itempted, with respect to th~ internallodgt8 
round the Jr>goons of certaiu atoll.. More facts aNl wanted regarding 
the natu,.., both of the iutol'rior aud oIterior ~tep-liko ledges. Arc all 
the ledges, or ouly the nPp"r ones, co"erod with liTing coraol? If they 
are all 80 roTared, do tho 8peci~8 differ ou the different ledge8? Do 
ledge~ occur on tho insido and outside round the same atolls? &c. 
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reefs would sometimes be found rising abruptly from 
a greater depth than that at which the efficient poly
pifcrs can flourish. "r e see this well exemplified in 
the small abruptly-sided reefs with wbich the deep 
lagoons of the Chago!! and Southern :tlIaldiva atolls arc 

studded. With respect to the ring or bason-formed reefs 
of tbe Northern Maldiva atolls (see Plate II. fig. 4), 

it is evident from the perfectly continuous series which 
exists, that the rings on the margin, although broader 
than the exterior or bounding reef of an ordinary atoll, 
are only modified portions of BUch a reef; it is also 
evident that the central rings, although broader than 

the knolls or n,-cfs which commonly occur within 
lagoons, occupy the same relative position. The ring
like structure hall been shown to be contingent on 
tlle breaches into the lagoon being wide and numerous, 

thus causing the inner side of the marginal reef and 
the central reefs to be placed under nearly the same 
conditiolli! with the outside of an ordinary atoll which 
is exposed to the open sea. Hence the margins of these 

reefs have been favourably circumstanced for growing 
outwards and increasing beyond their usual breadth; 
and the conditions have likewise been favourable for 

their growing vigorously upwards, during that subsiding 
movement to which by our theory the whole archi

pelago has been subjected; and subsidence togelller 

with the upward growth of the margin would convert 
the contral spaco of each little reef into a small 
lagoon. This, however, could only take place with 

reefs which had increased in breadth sufficiently to 
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prevent their central IIp::lces from being almost illune
diatcly filled up with t.he sand a.nd detritus driven 
inwards by the waves from all sides. 'Ve cun t!lIlr; 
undcn;tand how it is that few reefs less than half 
a mile in diameter, even in the atolls where perfect, 
ring-formed reefs aro found, include lagoons. 'i'his 
remark, I may add, applies to all coral-formations. 
The bason-formed reefs of the Maldiva. Archipelago 
may, in fact, be briefly described ad small atolls 
formed during subsidence over separate portions of a 
large and broken atoll, in the samo manner as the 
latter was originally formed over a reef encircling one 
or more mountainous islands. 

The dissevcrm.ent of the large)' Jll«ldiv(, atolls.
The apparent progressive disseverment of large atollB 
into smaller ones in the Maldha. Archipelago, de
mands an explanation. The graduated series which 
marh, as I beliove, t.his process, call be observed only in 
the northern half of the group, where t.he atolls have 
imperfect margins consisting of detached b.'\SOn-formed 
reefs. The currents of the sea flow across these atoll .. 
with considerable force, as I am informed by Captain 
Moresby, and drift the sediment from side to side 
during the mOllllOODS, tr.l.nsporting much of it sea.ward ; 
yet the currents swoop with greater force round their 
flanks. It is historically known that these atolls have 
long existed in their present state; it is intelligible 
that they m.ight thus remain, even during a slow sub
sidence, owing to the continued growth of the corals, 
and to the Jagoon being kept at nearly its original dept h 
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by the accumulation of sediment. But during 111e 
action of sucb nicely balanced foroes, it would be strange 
if lhe currents of tbe sen 113.d ncver made a direct 
passage acrOBS some of these atolli, through the many 
wide breaches in their margins. As SOOD ns this occurred 
the channels would be deepened by the removal of the 

finer sediment, nnd by the check to 'its further aCCUlnU" 
lation, The sides also of the channels would soon be 

worn into a slope like that on the outer coasts, from 
being exposed to the sarno force of tho current.s. In 
fact, a channel like that bifurcaling one which di\"ides 
Mahlos Mahdoo (l>lato II. fig. 4) would almost neceg.. 
sarily be fonned. The scattered reefs situated near the 

borders of tbo new clJannci, from being favourably 
placed for the growth of coral, would, by their exten
sion, tend to produce fresh margins to the dissevered 

portions: and a tendency of this }dnd is c\'ident in tbe 
elongated reefs which border the two channels inter .. 

sceting Mahloa ]\[ahdoo. Such channels would become 
deeper with continued Bubaidence, and, from the reefs 
on both sides not growing up perpendicularly, some

what broader. In this case, and more especially if tho 
channels had been originally formed of considerable 
breadth, tlle dissevered 1)ortions would soon become per

fect :lIld distinct atolls like Ari and Ross atolls (Plate II. 
fig, 6), or like the two Nillandoo atolls, which must be 
considered as distinct, nlthough plainly related to each 
otller in form and position, and separated only by mode .. 

rately deep channels. Further subsidence would render 
such channels unfathomable, and th" dissevered portions 
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would then resemble Phaleedoo and Moluque atolls, or 
Mahlos l\iahdoo and Horsburgh atolls (l'late II. fig. 4), 
which are related to each other only in proximity and 

position. Hence, on the theory of sllbsidenCD, the dis
severment of large atolls which are exposed to strong 

currents and which have imperfect margins, (for other
wise their disseverment would be scarcely possible), is 

far from being an improbable event; and the several 
stages, from a close connection to tho entire isolation 
of some of the atolls in the ::\[aldiva Archipelago, are 

readily explicable. 
n is even probable that t.he ::\[aldi\"a Archipelago 

originally existed all a barrier-reef of nearly the same 
dimensions as that of New Caledonia (Plate II. fig. 5): 
for if we complete ill imagination the subsidence of 
this f,,'Tcat island, we may infer from the broken condi

tion of the northern portion of the reef, and from the 
almost entire absence of reefs on the castern coast, that 

the present barrier, after repeated mbsidences, would 
become, during its subsequent upward growth, separated 

into distinct portions; and these portions would tend 
to assume an atoll-like structure, owing to the corals 
growing with vigour where freely exposed to the open sea. 
As some large islands have sub8idcd to a certain amount 
and are partly encircled by h.urier-recfs, so our theory 

makes it probable that there should be other large 
islands wholly submerged; and lbese, as we can now see, 

would be surmounted, not by one enormous atoll, but 
by several large ones like the atolls of the )Ialdiva 

group j and these again, during long periods of sub-
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sidence, would sometimes become dissevered into 
smaller ones. In the )1arshall and Caroline Archipela
goes, there are atolls standing close toget.her which 
have an e\'ident relationship in form; and we may Slip

pose t.hat either t,vgo or more enci rcled islands originally 
stood close togethcr and afforded iJa!!Cs for two or more 
atolls, or that ono large at.oll has been dissevered. Dut 
from the position as well as the forms of three atolls 
in the Caroline Archipelago (t.he Namourrek and Elato
groups), which are placed in an irregular circle, I am 

strongly inclined to believe that they owe their origin. 
to the disseverment of a single large atoll .' 

Irregula:rly-forrrtd AtollB.- In the :Mal1lhall g roup,. 
Musquillo atoll consist.':! of two loops united by a single
point ; and ,MenehicofT atoll iii formed of three loops,_ 
two of which (as may be seen in fig. 3, Plate II.) are 
connected by a more ribbon-lObaped recf; t.he three 
together being 60 milcs in length. In the Gilbert group 
some of the atolls ba\'c narrow recf,. like spUN, project
ing frow them. Linear and straight, or crescent-formed 
reef,. with their extremities more or less curled in
wards, may sometimes be found standing by themselves 
in the open ocean, All these irregular forms would 

, The ~ame tellll!.rk is, perhaps, applicable to tho is[lIllds of 01111.1', 
~'Illllldik. and Tamatam io the CllJ'()lino ANhipelugo. of which chart .. 
111'(1 gino in tho atlal of DupGrI'OY" Toyage; /I, line drawn through the 
linPftr n'(!f~ ftnd lagoons of lheso three islund, fonn /I, eemicircle. 
Q)Plult ft.!so tha atlu of LUlU', 'l"oyago; and for the Mal1lhall group' 
that of J(otzehuI; for th .. Gilbert group (whkb i. referred to in the 
enning plge) OOUlwt tho atlas of DupelTOy'. 'I'oyago. Moo of tho 
poin1l hero referred to lU3y. howe'l'tr, bel IceD in Krusell.ltel'll" genal'lll 
All .... of the PMille. 
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naturally follow from continued subsidence, combined 
with the upward growth of reefs fronting one side alone 
of a high island, the rcof!:! on the opposite side having 
perisbed or never having existed. 

Submerge<.l anll Dead Ree/s.-In the second seoM 

tion of the first chapter, I have shown that there 
sometimes exist in tho neighbourhood of atolls, deeply 
submerged banks with level surfaces; that there arc 

others, less deeply but yet wholly submerged, baving 
all the characters of a perfect atoll, but consisting 
merely of dead coral-rock; that there arc barrier-reefs 
and atolls with only a portion of the reef, generally 
on the leeward side, submerged; and that such 

portions cit-her retain their perfect outline, or appear 
to be more or less completely effaced, their former 
place being marked only by a bank, conforming in 
general outline with that part of the reef which remains 
perfect. These S6\'cml cases arc, I believe, intimately 
related, and can all be explained by the same agency of 
subsidence. 

We see that in those parts of the ocean where 
coral-reefs are most abunda.nt, one island is fringed and 
another neighboming one is not fringed, and that in 
the same archipelago, all the reefs are more perfect 
in one part than in anotber,-for instance, in tllC 

southern compared with the northcrn half of the 
Maldiy3. Archipelago, and likewise on thc outer as 
compared with the inner coasts of the double row of 
atolls in this same archipelago. The existence of the 
innumerable polypifers forming a reef, depends on 

The Complete Work of Charles Darwin Online 



Cn. V. OF CORAL-REEFS. 145 

their finding sustenance, and we know that they are 
preyed on by other organic beings, and that some 
inorganic causes axe h ighly injurious to their growth. 
Can it, therefore, be expected that the reef-building 
polypifers should keep alive for perpetuity in anyone 
place, during the round of change to which earth, 
air, and water arc subjected; aod still less can this 
be expected during progressive suhsidenee, to which 
by our theory these reefs and islands have been liable? 
Should such subsidence be at any time greater than 
the rate of upward growth of the polypifers, the death 
of the reef must ensue, and it would have been strange 
had we found no evidence of this. It is, then, not 
at aU improbable that the corals should sometimes 
perish either on the whole or on part of a reef. 
If only on a part, the dead portion, after a small 
amount of subsidence, would still retain its proper 
outline and position beneath the water. After a more 
prolonged subsidence, it would form, owing to tIle 
accumulation of sediment, a more or less level bank 
marking the limits of the former lagoon . Such dead 
portions of a reef would generally lie on the leeward 
side,' for the impure water and fine sediment are 

1 Sir C. Lycll, in the 1I1'11t edition of his Prineiples of Geology, oifored 
II. somewhat differellt c%plallatioll of thiR stnlctnre. He suppoBes that 
thOl'O hall 1,>I;"n 8ub$idouc,,; but he was !lOt aware that the $ubmugoo 
portiOIl'! of roof were in mOllt CILf!PS, if not in all, dead; lind he IItttibutea 
the difference iu hcight in the two sides of mMt atolls, chicH] to tho 
greater accumulation of detritus to willdwani than to leeward. But as 
matter is neeumulated only 011 the backwatd part of the reef, Lbo frollt 

L 
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(Iri\'en out from the lagoon over this Hide of the reef, 
where the force of the breakers is less than to wind
ward, and where tlle corals are, in consequence, less 
vigorous and less able to resist any destroying agency. 
It. is owing to this same cause, that reefs are fre
quently breached to leeward by channels which serve 
as ship-channels. If the corals perished entirely, or 

on tho greater part of the circumference of an atoll, 
the rClluJt would be an atoll-sbaped bank of dead 

rock more or less entirely submerged; and further 
subsidence, together with the accumumtion of sedi
ment, would oblilcrate its atoll-like structure, and 
leave only a bank with a nearly level surface. 

We meet with all these cases in the Chagos group 

of atolls. Here within an area of 160 miles by 60, 
there arc two atoll-formed banks of dead rock (besides 

another nry imperfect one) entirely submerged; a 
third bank with mercly I..wo or three BJIlaU pieces of 
living reef which rise t-o the surface; and a fourth, 

namely, Peros Banhos (Plate r. fig. 9), ,vith a por
tion nine miles in length dead and submerged. As 
by our theory this area has subsided, nnd as there is 
nothing improbable in the death of the contIs on por
tions or oyer the whole surface of a reef, either from 

pn:t would remain of the SI'ome height on boll, 8idOll. I may huo 
obeer\'o tlutt in most ca.scs (for in$t3Dce at PerM ]Jauhoe, tho Gambier 
b'1"Olip lind tho GrMt ChflgOlloonk), lind I BU~poct in 1111 OUeII, tho dea(l 
find aubmerted portiooq do not Mend or !lope into the Ij,·jog And perfoet 
poilU, but lire separated fronl thrm hy 110 abrupt. lio ~. 10 I!Omo i". 
lt4nee •• mall pIlleh"" of }iviog reer rite to the llUfac:o rrom the mildlo 
or the lubmerged and detld p-'rt •. 
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cbanges in the state of the surrounding se..'l or from the 
subsidence being great or sudden, these Chagos banks 
present no difficulty. So far, indeed, are any of the abo,'c
mentioned cases of dead sn bmerged reefs from offering 
any difficulty, that thcir occurrence might have been 
anticipated on our theory; and as fresh atolls are sup
posed to be in progressive formation by the subsidence 
of encircling barrier-reefs, a weighty objection might 
even ha\'c been mised, namely that atolb must increase 
indefinitely in number, unless proofs of their occasional 
destruction conld have been adduced . 

The Great Oltago8 Bank.-I have already shown 
that the submerged condition of the Great Chagos 
bank (Plate II. fig. 1, with its section, fig. 2) and of 
some other 'banks in the Cbagos group. may in all pro
bability be attributed to the corals haying perished 
during an unusually rapid or sudden subsidence. The 
external rim or upper ledge (shaded in the cbart) con
sists of dead coral-rock thinly covered with sand; it 
lies at an average depth of between 5 and 8 fathoms, 
and perfectly resembles in form the annular reef of an 
atoll. 'fhe banks of the second level, tbe boundarics 
of which are marked by dotted lines in the chart, lie 
from about 15 to 20 fathoms beneath the surface; 
they are several milcs in breadth, and termina.te in a. 
very steep slope round the central ~panse. This 
central expanse consists of a level muddy Bat between 
30 and 40 fathoms deep. 'rhe b<\nks of the second 
level appear at first sight to resemble the internal step-

"' 
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like ledges of dead coral-rock which border the lagoons 
of certain atolls, but their much greater width, and 
their being fonned of sand, arc points of essential dif
ference. On the eastern side of the atoll some of the 
banks are linear and parallel, like islets in a. great river, 
and they point directly towards a great breach on the 
opposite side of the atoll: these are best seen in the 
large published chart. I inferred from this circum
stance, that strong currents sometimes set directly 
across this great bank; and J hear from Captain Moresby 
that this is the case. I observed, also, that the channels, 
or breaches through the rim, were all of the same depth 
as the central expanse into wbich they lead; whereas 
tbe channels iuto the other atolls of the Cbagos group, 
and as I believe into most other large atolls, are not 
nearly as deep as the lagoons. For instance at Peros 
Banhos, the channels as well as the bottQm of the bgoon 
for a space about a mile and a-half round its shores, are 
only between 10 and 20 fathoms in depth, whilst the 
central expanse is from 35 to 40 fathoms deep. Now, 
i f an atoll during a. gradual subsidence once became 
entirely submerged like the Great Chagos bank, and 
therefore no longer exposed to the surf, very little 
sediment could any longer be formed from it; conse
quently the channels leading into the lagoon would be 

no longer fined up with drifted sand and coral detritus, 
and would continue increasing in depth, as the whole 
sank down. In this case we might expect that the 
currents of the open 5f',:t, instead of sweeping as at 
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first round the submarine fl anks, would, as the many 
breaches in thc reef increased, flow directly across 
the lagoon, thus removing the fincr sediment from 
the channels, and preventing its further accumulation. 
The submerged recfwould thus ultimately consist of an 

upper and narrow broken rim of rock, surrounded on 
the inner side by banks, lhe remnants of the sandy 

bed of the old lagoon, now intersected by many deep 
channels ; these channels, with their sides worn steep by 

the oceanic currents, uniting in the centre and forming 
the central deep expam;c. By such means the Great 
Chagos bank-the most anomalous structure which I 
have met with-appears to have originated. 

If this bank should continue to subside, a mere 
wreck of an atoll would be left; for the corals are 

almost evcrywhere dead. Pitt's bank, situated not far 
southward, appears to be in this actual condit ion: it 

consists of a moderately lcvel, oblong bank of sand, 
lying from 10 to 20 fathoms bencath the surface, with 
two sides protected by a narrow ledge of rock submerged 
between 5 and 8 fathom~. A little to the south of this 

ledge, at about the same distance u.s the southern rim of 
the Grcat Chagos bank lies from the northern rim, there 

are two other small banks with from 10 to 20 fathoms 
on them; and not far castwJ.rd, soWldings were stmek 

on a sandy bottom with between 110 and 145 fathoms. 
The northern portion of Pitt's bank with its ledge-like 
margin, thus closely resembles anyone segment of the 
Great. Chagos bank between t.}Vo of the deep-water 
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channels, and the scattered banks southward and east..

ward appear to be the last wreck of the less perfect 
portions of one great and now ruined atoll. 

I have examined with care tlle charts of the Indian 

and Pacific Oceans, and have now laid before the reader 
all the ca&S which I have met with, of reefs differing 

from the class to which they belong; and I think it has 
becn shown that they arc all included in our theory, 

modified by occasional accidents, such as might have 

been anticipated. 'Ve have thus seen, that in the lapse 

of ages encircling barrier·rcefs are converted into atolls, 
~the term atoll being applicable as soon as the last 
pinnacle of encircled land sinks beneath the surface of 

the sea. 'Ve have seen that large atolls, dnring the pro

gressive subsidence of the areas in which they stand, 

sometimes become dissevered into smaller ones. At other 

times, when the reef-building polypifers perisll, atolls 

are converted into atoll-fanned banks of dead rock; and 

these again, through further subsidence and the accu

mulation of sediment, pass into level banks with scarcely 

any distinguishing character. Thus may the histDry of an 

atoll be followed from its birth, through the occasional ac

cidents of its existence, to its death and final obliteration. 

Objection8 to our tllJX)l'Y of the formation of Atoll8 
and Barrier-'l'eef8.-The vast amount of subsidence 

both in urea and depth, necessary to have submerged 

every mountain, eYeu the higbest, throughout the 

immense spaces of ocean now interspersed with arolis, 

will probably strike most persons as a formidable objec

tion ro the theory. But as continents, as large as the 
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spaces supposed to have subsided, have peen raised 
above tbe level of the sea,-as whole regions are now 
rising, for instance, in Scandinavia and South America, 
-and as no reason can be assigned why subsidence 
shonld not have occurred in some parts of the earth's 

crust on as great a scale as elevation, this objection bas 

little force. The remarkable point is, that a subsiding 
movement t<I such an exlent and amount should have 

taken place within a period, during which the corals 
have continued t<I add matter to the same reefs. An
other and less obvious objection to the theory may 

perhaps be advanced, namely, that, alt.hough atolls and 
barrier-reds arc supposed t<I have gone on subsiding 
for a long period, yet that their lagoons and lagoon

channels have only rarely come to exceed 40 and 
never 60 fathoms in depth. Bllt if our theory is worth 
consideration, we already admit that the rate of sub

sidence has not ordinarily exceeded that of the upward 
growth of the mas~iye corals which liYe on tbe margins 
of the reefs, so that we have only further to suppose 

that the rau' has never exceeded that at which lagoons 
and lagoon-channels are filled up by the growth of the 
delicate corals which live there, and by the accumula

tion of sediment. As the filling-up process, in the case 
of barrier-reefs lying far from tbe land, and of the larger 

atolls, must be an extremely slow one, we are led to 
eonelude that the subsiding movement has always been 
equally slow. And this conclusion accords well with 
what is known of tbe rate of recent movements of 

elevation. 
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It has, I think, been shown in this chapter, that 
subsidence explains both the normal stnlCture and 
the less regular forms of those two great classes of 

reefs which have justly excited the astonishment of all 
the naturalists who h3\'8 sailed through the Pacific and 
Indian Oceans. The necessity, also, that a foundation 

should have existed at the proper depth for the growth 
of the corals over certain large areas, almost compels 

us w accept this theory. But further to test its truth, 

a crowd of questions may be asked. Do the different 
kinds of reefs which have been produced by the 
same kind of movement, generally lie within the 
same or closely adjoining areas? How are such reefs 
related to eMb other in form and position,-for 
instance, do neighbouring groups of atolls, and the 

separate atolls in each group, bear the same relation 
to each other as do ordinary islands? Although coral_ 
reefs which have just begun to re-grow, after having 

been killed by too rapid a subsidence, would at first 
belong to the fringing cms, yet, as a general rule, 
reefs of this class indicate that the land has either 
long remained at a stationary level, or has "been up

raised. Of a stationary level it is hardly possible 

to find any evidence except of a negative kind; but 
of recent elevation, upraised marine remains afford a 
sure proof: it may therefore be asked, do fringed 

coasts often afford such evidence? Do the areas 
which have subsided, as shown by the presence of 

atolls and barrier~recfs, and the areas which have 
either remained stationary or have been upraised, 
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as indicated by fringing-reefs, bear any determinate 
relation to each other? Is there ally relation between 
the nreas of recent subsidence or elevation, and the 
presence of active volcanic vents? These several 
questions will be considered in the following chapter.! 

, I may take this opportunity of briofly con!idering the "ppearnnee 
wllirh would probably bo prc!;ent«i by n l'erticni and deep .-tion 
~ II. cont.l formation (referring chiefly t.o II.n "toll) formed by the 
upwerd growth of <:oral during $ueedIS;"e 8ubsidenC8l!l. Thi~ i~ II. 

lubjoet worthy of attention, u a ml'll.nt of eompari$On with ancient 
coral 'trata. The circumferential p'rt& .. ould <:onli.t of maui'l'e BPII' 
eies in II. 'l'ortiesl JlO$itioo, with their inurstieee ftIled up with dctritu!l; 
but this would be the part most subject to IUbaequont dcnud.!ltion and 
remon\. It i. la(Iiesll to ~poeulato ho ... large a proportion of the 
exterior annular reef would consiat of upright coru!. aud how much of 
frngmentllry ro<:k, for thi! .... ould dopond on lOony conting'lncies,-Bueh 
&lI on the ruto of .ub~idcuM (>CC3IIiolla\ly allowiug II. fresh growth of 
coral to cover tbo whole 8Utf;.OO, oud on the I"retlkel'/l huving foroo suffi
dent to throw fragmeots over thilllllme ftP'lee. l'ho conglomerato ,,·hieh 
compotlell tho base of tbo islel.ll, would (if not I'Cmov",f by denodation 
together with tho exterior reef on which it resUl) be cooSpiCOOU5 from 
tho siUl or tho fmgmonts,-the different degrws io which they ,"TIl 
hoeD l'Ounded,-th .. p"""",nce of frngmoou of conglomerate torn up 
rooDded IUld ro-eemcnr.ed,-and from tho oblique stratification. The 
coral. which lived in tho lagoolH'eefB at each l\lCCCIIIIive le\'el, would 
be p~erred upright, aud they wonld eon.i!t of TllfI.ny kind&, generally 
much hrallched. In this part, ho ... cnr, a .. err lurga proportion or 
tho ro<:k, lind in tiQme cases n~arly aU of it, would be formed of 81)(\.,
meDlary mntter, beiug in an e);ce~sh'ely fLlle or moderatoly roar!lo 
stato, with the partido.<! almost blended together. Tho conglome
rate which WD~ formoo of roonolod riee<. of tbo branched ooralo on 
the ~hores of tho lagoon, would differ from that formlld 00 the islcl.!l 
and dcri'l'lld from the OUW coo.st; although both might hal'O been lie

cun,u1o.tod very Dear each other. The tit.rat.itlcation, taken BlI 3 whole. 
would bs horizontal: but the conglomerate bed. J'Cllting on the exterior 
reef, and the bod. of l18.odstouo 011 tho shores of the lagoon :and on 
the utenwt.l flanb of the reef, .,ould probftbly be dirided. (l1li at Keeling 
lltollsnd at Mauritius) b,.numcroo~ layers dipping at considerable anglilll 
in ditr.rent diffiltionB. The calcareoue .nu.~ne flud col'llll'l'lCk would 
fllmQljt nocesuril,. contain inonmersblo ahelle, ocbini, olld the bones of 
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fish, turtle, Bud pcrhapa of Nrd6: possibly, also, the booM of small 
gUunUDB, a~ these animals filld their W"'Y to i~land6 ra" :remote from 
aDy continent. The llirge ~hel1s of wme ~pecies of Trida.cna would 
be found ycrtically imbedded in t.he solid rock, in the position in whicll 
they li\"oo. We might expoct , also, to find & mixture of the remains of 
pelagic and littoral animalB in th ... strata. ¥;.l'IDed in the lagoon, for 
pumice and the seOOs of plants nro Hooted from distant oountries jut<;> 
the lagooDB of mlluy II.tolls; on tho outer w ast of Keeling atoll near 
the mouth of tho l..goon, the shell of a pelagic Pteropodous animal waS 
brought up on the arming of the wuoding lead. All tho loos6 blocks 
of coral on Keeling atoll woN! bUITQwOO by vermiform animals; and as 
t\'ery cn.nty. no doubt, ultima.tely booomos filled with spathOl!c Jime
stone, smbs of the rock would, if polished, probably exhibit the exca
vations of !u~h burrowing anima.ls. The oonglomera.taand fino-grainL-d 
beds of oora.!-rook would be hard, sonorons, white, I!,nd composed of 
nearly puro roleuroous Ill&ttar; in some fuw P.Utll, judging from tho 
.pecimens fit Keeling atoll, they would probably eont.o.in a small 
quantity of iron. I ha.Te Been a eonglomcr..to now forming on the 
shorCli of the Maldi,''''' atoil". resembling oonglomerate iimestou() from 
Dovonshire. J<'looting pumice and .eori",. and occasionally stones trans
ported in tho roo~ of trees (see my Journal of Researche.~. p. 1';49) 
appear the only sourcos tJlrough which foreign matter is brought to coral
fonnations ~tanding in thc open OCean. Tho arca over which sediment 
is transportoo from ooral-re-efs must b6 oonsidcrnblo; C"pt.~in Moresby 
informs mo that during the chllnge of monsoons, tho soo. is dill<:oloured 
to a considerable distanM off tho 11aldi,," and Chagos atolls. Tho sedi
ment off fringing and barrier coral-ncr" must be minglffi. with the 
mud which is brought d(}wn from the land, and ill. transported seaward 
through the brcu.chcs wbich occur in front of almOl<t C>"ery yailey. If 
the bed of the ocean woro to be upraised "nd oonvertoo into land, the 
ato1\s of tho larger archipel&g<>es would form ftat-topped mouutl\ius, 
VlI.rying in di().mdor from a few to ~iIty milcs- for the 8Il1l\1l1lllt ILtoll:! 
would probably be worn quire II.way; and from being horizontally 
stratified and of ~imilar composition, they wouh!, lUI Sir C. Lyell has 
remarked, falsely appear as if they had originally bc.on united into ona 
vast continuous mass. Such great strata of coral-rock would rarely be 
nssocilll.ed with erupted volcanic miLtter, for this Muld only take pL"lCe, 
ns may be inferred from what follows in tho n!lIt chnpter. when the 
area in which they were situated, comm~nced. to riso, or at lo,,~t 

ceased to subside. Dlfting the ~normous period necessary to cffret lin 
clev"tion of tho kind ju~t .. lIuded to, the 8urfILC6 would necessarily be 
greatly denuded; hence it is highly improhablo that &Dy fringing-
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reef. Or eTen n.ny bftmer-NIl'f, lit leMt thOllO encirding small islands . 
.... ould be prellernd to a distn.nt period. From thin. same C3\1lit1, the 
stratn. "'hieh were formed within the blOODS of atolls &lid the J.agoon
chllnnels of barrier· reef •• IIDd which must <!(I~st in II large part of 
seWmcDlJ\ry mlll~r, would more often be P!'eIICn-ed to future age&, than 
the wlttior .olid reef <!(Impolled of IWIlII!i..-e coJ:ab in lin upright polIi
tiOD; although it i, On this eJ:tcrior pnrt that tho pn'scnt CJcilIl.enCfl and 
further gro'll1h of atolls lIod barrier-retfs depend . 
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CHAPTER VI. 

ON TIlE DlSTRlDUTIO~ OF COnAL-REEFS WITll REFERENCE TO 

THE TlfEORY OF TKEllt FORMATION. 

Dtwriptirm rif 1M colourttl map-Prozimity of a/olu aPlll ba,..,.i(.?-·rw/,
Rdatitm inJorm alUt pMilion oj 1IU>/l, wifh ordillal"!1 Wanct-Dir«t 
evidence oj .uWidtrIce dijficfdt if) ~ <kkcfal--PTooj. of =tekvation 
dae jrillging-raja OCCU'l'-OaciUatiom of fad-Alneftce of ~ti ...... 
wlroM$ in Ik arM.! Q/ ndJsiden~lmmtl1rit!l of the Gl"taI uIMen have 
been tlcooUd and haw ,u/).uwJ,-l'hrir rdalion to lhe pt'tUfit awtri· 
buti<m of the knd-Anal of mNidence elcmgated- Tkcir inttr~tion 
and alternation with tlvJiJe of elt!l/ltilm-Amount, and *w rale of the 
rcqui¥ile ~JdJfidt1lct-RlCapitulation. 

Ir will be convenient first to give a. short account of 
the appended map of the Pacific and Indian Oceans 
(Plate Ill.); a fuller one, with the data for colouring 
each spot, is reserved for the Appendix, and every 
place there referred to may be found in the Index. 
A larger chart would hu\'e been desirable; but, small 
as the adjoined one is, i t is the result of many months' 
labour. I have consulted, as far as I was able, every 
original voyage and map; and the colours wefC first 
laid down on charts on a large scale. The same blue 
colour, with merely a difference in the tint, is used 
for atolls or lagoon-islands, and for barrier-reefs; 
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these being in all essential respects closely related. 
Fringing-reefs, on the other ha.nd, have been coloured 
dull red, for there is an important distinction between 
them and barrier-reefs and atolls with respect W the 
depth beneath the surface, at which, as we must believe, 
their foundations lie. The two distinct colours, there
fore, mark two great types of structure. 

The dark blue colour represents atolls and sub
merged annular reefi! with deep water in their centres. 
I have coloured a few low and small coral-islands 
as if they had been atolls, although not including a 
lagoon; but this bas been done only when it clearly 
appeared that they had originally contained one. 
"'hen no such evidence exists they have been left 
uncoloured. 

The pale blue 00lO11,1' represents barrier-reefs. The 
most obvious character of reefs of this class is the 
broad and deep-water moat within the reef; but this, 
like the lagoon of a small atoll, is liable to become 
filled up with detritus and with reefs of delicately
branched corak When, therefore, a reef round the 
entire circumference of an island extends far into a 
profoundly deep sea, so that it can hardly be con
foundoo with a fringing_reef which must rest on a 
foundation of rock within a small depth, it has been 
coloured pale blue, although it does not now include 
a deep-water moat. But this has been rarely done, 
and each case is distinctly mentioned in the Appendix. 

The red colour represents reefs which fringe the 
land closely where the SHit is deep, and extend to 
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a moderate distance from it where the bottom is 
gently inclined; but they never include a deep-water 
mont or lagoon-like channel running parallel to the 
shore. It must, however, be rcmembcroo that fringing
reefa arc froquently breached by deep-water channels, 
where mud has been deposited in front of rivers and 
valleys. 

In all cases, a space of 30 miles in width has 
been coloured rOllnd or in front of the reefs of each 
class, in order that the colours might be made con
spicuous in a map on so small a scale. 

The vermilion Epots and Btreaka represent vol_ 
canos now in action, or historically known to have 
been so. They are laid down chiefly from Von Buch's 
work on the Canary I slands; and my reasons for 
making a few alterations are gh'en in the note below.1 

I 1 have abo made eonaiderable Il!Ie of the geological part of .Berg. 
haul' Phy.ical Atlas. Beginning at the eIIIItern aide or the Pacifie, 1 
han added to thB number or tho 1"0!e8ooe in thp lIOulbem part of tha 
Cordillera, and bal"e OOIOllr'l!d Juan Femllndes: a«")rding to obserrn.tiOIl!l 
colleeUd during thfl voy~ or tho Btaglt (Gaol. Trani. vol. 1". p. 601). 
I ban. JWlded " I"oleano to Albcmo.rlo IIland, one of tbe Ga1&pagotI 
Azehipelago (_ my Journal or Resetlrehe6, p. 461). I n the Sandwich 
gr<Iup there lifO no neti'l'o 'I'olcanOll, except at Haw ... ;i; but the Rev. 'V. 
1-:l1i8 informs me thero are stnllms of Invn flpp ... rently modern un 
Mflui, having fI very recent appearance, whicb can ba traced to the 
craters whence they flowoo. Tho .amo gant.1eDllln infQrm~ mo that 
thcro i. no leMOn to believe that lUIy uth"e 'l'olCllono MistB in tha 
Sodtty Archipelago: nor are thcro nny knoyu in the &moo or Nlln. 
gw:tor group, although !lOme of the Itreanu of bm and crate ... theN 
IIppear ~nt.. In the Friendly gronp, the ReI". J. Williaml I13J' (Nar
nti'l'a of Missionary Enterpri5O, p. 29) tbat Toofoo. !lnd Froby bland. 
are actiro ,"olcflDOll.. I infer from Hflmilton', Voyage in tbe Pa .. doN 
(p. 905), thllt Proby Island ill Iynouymonl Wilh Onouafou, but I have nOI 
'I'enturoo to colour it.. Thero ean be no donut nspecting Toofoa.; lind 
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The uncoloured parts consist, first and chiefly, of 
coasts where no coral·reefs, or quite insignificant ones, 

CapUlin Edward~ (Voo Rueh. p. 386) found the lllm or a roeent erup
tion at Amarguro ~tm smoking. lkIrgh,uu markll fonl' 3Cth-e rolMno. 
netu/l,lly Witllio the Frioodly group; but I do not know On what autho
rity; I may mlmtion thr.t M(l.urolle describes Lttt.e II~ haviog a burnt.up 
nppesJ"&nee; I h"'I"e markoo only Toofoo and ArmRgum. South of the 
New Hebrides lies Matthews Roek, which is rleseriOOd "san active crater 
in the \'oyago of the A3tro/abt. lletween it und the volcano on tJlO 

C4stern s.irle of New Zcalllnd lief! llrimslI}no bland, whieh from Ihe 
high temperatU1'9 of the Wl\to!r in tho crater may be ranked 11$ nctivo 
(RcrghaU8 Vorbcmerk, U. Liof. S . .56). Malta EnID. vol. xii. p.231, 
tiSys thllt thero i8 a volmno ncar Port St. "in~nt, in New CIIJodonia: I 
belie'!'o this to be lin error, ari8ing from smoke seen 00 the opporite 
mfl.St by Cook (2nd '!'oyagc, '!'el. ii. p. 23), which smeke went out at 
night. Th" Mllrilln8. Isl8.nd .. especially th" northern ones. contain 
mllnyeraters (soo l'reycinet·,Uydrog. DC!leript.) which are not ~eti 'l'e. 

Von Dueh, however, stAtes (p. 462) on the Ilulhorilyof La. PeyI'OU.se, 
that there are no Jess thlln l\even \'olcanOll betwoon theore islands Pond 
JIlpan, Gemelli Carari (Chnrchill's Collect. vol. iv. p.4li8) MyS thore 
e1'6 two aeti'!'o vok .. noe in la\.. 23° 30' and in Jolt. 24°; hnt I have not 
eoloured them. From the ~tAtemeul$ in Ileechey'~ Voyage (p. ~18, ito 
ooit.) I have ooloured one in the northern ])IIrt of tho Donin group. 
M. S. Julien ha:! clearly made Ollt from Chincse manuseripta not vory 
ancient (Comptc8 RendUII, 18~O, p. 832), that the .... are two activo vol· 
canOll on the 8I\.'!tero side of FormOS\. In the m"p appcndod 10 the tint 
edition I marked Bn Be,i'!'o vo1Clino in TO!Te!l Straits, and ga.ve my 
authority; but Mr. Jukes informs me that thero certainly is no voleano 
Ihere; a wooded island on fil'6 having been mbUlken for one. Mr. 
:WClelland (Report. of CommiUI!<J for InvClltiga.tiog Cool in India, po 39) 
hIlS ,hown thBt the volCllnioe b8.od which p,u_ through "&rrcn Islanli 
mnst 00 extended nortl)'ll'lll'ds. I t nppenn by an old chart, that Cho· 
dubB Willi once An IlClh'6 VOICllIlO (_ Il180 Sillimlln's\Jiorth American 
Journal, voL rxxviii. p. 38~). In Bergbaus' PhY'!. At)as. 1810 (No.7 
of Oeological Part) fI volcano on tho COll.9t of Pondieherry is said to 
havo bUl'llt forth in 1757. Ordinairo (llist. Nl\t. dos Voleallll. p. 218) 811y8 
that there is one 1\1 tho mouth of the P()l'sian Gnlf. but I hllve not 
colouroo it, lis he gi,.&.'! no partieulnl'll. A voknno ;n Amsterdam, 01' 
St. PlIni's, in the BOulheru pnrt. of the lodilln Oeean, hAS been !reen 
(NIlut. Mag. 1838, p. 812) in aetiou. Dr, J. Allan, of FOrTeS, infortUll 
me in a letter, that when ho'Wllll at Joanna, he saw flames at Dight, 
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crist. Secondly, of consts where the sea. is erlremely 
shallow; and the reefl! in this case generally lie far 
from tbe land, and arc very irregular, so that they 
cannot always be classed. l'hirdly, reefs which appear 
merely 1;0 coat suhmerged banks of rock or of !JCdi_ 

ment; for such Tocfs differ in some essential respects 
-from those which owe their whole thickness to tlJe 
growth of corals. Fourthly, in tho Red Sea, and 
within somo parts of the East Indian Archipelago 
(if UlC imperfect charts of the latter c.'\n be trusted), 
there arc many scattered reefs of small size, repre
sented by mere dob;, which rise out of deep water; 
and these haye likewise been left uncoloured. In the 
Red Sen, however, some such reefs seem once to have 
formed parts of a continuous barrier. There exist, 
also, scattered in the open ocean, some linear and 
irregularly-formed reefs which nrc probably, as shown 
in the last chapter, remnants of atolls; but as they 
cannot safely be placed in this class, they have not 
been coloured; they nre, however, few in number, and 
of insignificant dimensions. Lastly, Borne reefs h(l.\'o 

been left uncoloured from the want of sufficient in
formation; and some because they are intermediate 
in character between barrier and fringing-reefs . The 
value of the map is lessened, in proportion to the 
number of reefs which I have thus heen obliged to 

IIpparently .olca.nie, i.eaning from the ChlefComoro Island, and thst the 
Anl>t ll$SurOO. him that they woro \'ol('auic, adding that the voluno 
burnt moro dllring tlle wet _It; I ha.ve marbd thillllll II voleano, 
though with lIODle h(l8it&tion, at the &mN mAl ha.ve ariscn from 
gueDWil 801lrCM. 

The Complete Work of Charles Darwin Online 



Cn. VI. DISTRI1IUTION Olr CORAL-REEFS. 161 

leave unooloured; but their number is not very great, 
as will be seen by comparing the map with the state
ments in the Appendix. r have experienced morc 
difficulty in colouring fringing-reefs than in colouring 
barrier-reefs, as the former, from their small size, 
have not much attracted the attention of navigators. 
As r have had to seek my information from all kinds 
of sources, r do not venture to bope that the map is 
free from errors. Nevertheless, r trust it will give 
an approximately conect view of the general distri
bution of the coral-reefs throughout thc world, (with 
the exception of some fringing-roofs on the coast of 
Brazil, not included within the limits of the map,) and 
of their arrangement into the three great classes which, 
though necessarily ill-defined from the nature of the 
objects classified, have been adopted by most voyagers. 
I may further remark, that the dark blue colour repre
sents land entirely composed of coral-rock; the pale 
blue, land with a wide and thick border of coral-rock ; 
and the red, land with a mere narrow fringe of coral-rock. 

Looking now at the map under a theoretical point 
of view, the two blue tints signify that the foundations 
of the reefs thus coloured have largely subsided, and 
that the rate of subsidence has been less than the up
ward growth of the corals. It is also probable that in 
mauy cases the foundations are still subSiding. The red 
signifies that the shores thus coloured support fringiug_ 
rcef~; and they have not, as a general rule, recently 
subsided, at least to any considerable amount, for the 
effects of Bubsidence on a small scale would hardly 10 

)( 
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distinguishable. Such shores must either have remained 
stationary !linee the period when they were first fringed; 

or they may have beell repeatedly upraillCd, with Dew 
lines of reefs successi\'ely formed round them. If, bow
eveT. coral_reefs became attached for the first time to a 
shore which was subsiding, or if a barrier-reef was de
slroyed and submerged with a Dew rcof Te-attached 
to the shore, this would necessarily belong at first 

to the fringing class, and would be coloured red, 
although the land was sinking. So it would be with 
a subsiding shore, if it plunged at a very high angle 
beneath the sea, for in this case the reef would remain 
closely attached to the land as it grew upwards, and 
would resemble in all respects a fringing-reef. 'l'llis 
source of doubt applies especially to atolls which 
have been upraiRed (such as Mcti:~ and Elizabeth 

Islands), for from tbe steepne~s of tbeir Bub-marine 
flank!!, a reef growing up during a subsequcnt 
period of subsidence round them, would still continue 
closely to skirt the land, and would thcrefore be 
coloured red. Well-characterised atolls or encircling 

reefs, where 8e\'cml occur together in a group, or a 
single barrier-reef if of large dimensions, clearly indicate 

a movement of subsidence. The c\'idcnce from a single 
atoll, or from a single encircling-reef, must be reech'cd 

with caution, for the former may be Lased upon a ~ub
mergL'<i crater or bank, and the latter on a submerged 
margin of sediment or of worn-down rock. 

On tlte diatl'wutiQn of the diffel"6nt clas8t8 of reefs. 
- Ha\"ing made the foregoing preliminary remarks, I 
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will now consider how far the distribution of the dif
ferent kinds of coral-islands and reefs corroborates our 
theory. A glance at the map shows that the reefs 
which are coloured blue and red, and which are believed 
to owe their origin either to widely different moyc
ments, or in the cru;e of the red w a stationary condition, 
arc not indiscriminately mingled together. Atolls and 
barrier-reefs, as may be seen by the two blue t ints, 
generally lie near each othor; and this would be the 
natural result of both having been produced by the same 
movement of subsidence. Thus all the Society Islands 
are encircled by barrier-reefs, and to the N.'V. and 
S.E. there are severnl scattered atolls. To the eastward 
lies the great Paumotu or LQw Archipelago consisting 
entirely of atolls; and still further W tbe N.E., we meet 
with thc lI:Icndana or Marqucsas I slands, which, from 
their abrupt and deeply indented shores, Danai be
lieves have probably subsided; though hardly any coral
recfs exist there, which might have afforded additional 
evidence of subsidence. In the midst of the Caroline 
atolls, there are three fine encircled islands. Tho 
northern point of t.he barrier-reef of New Caledonia. 
apparently forms, as before remarked, a great atoll. 
'rhe Australian barrier is described as including both 
atolls and small encircled islands. Captain King2 men
tions many atoll-formed and encircling coral-reefs, 
some of whieh lie within the barrier, and others may be 

I Comb lind COI'IIl hhmd8. 1872. p. 3ZIi . 
• &i\ing DirectioDs, nppcndod to ,"oJ. ii. of his Sun-cying " O]'3gC to 

AIl!ltra.lia. ., 
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said (for instance between lat. 16'" and 130
) to form 

part of it. l<iinders I has described an atoll-formed 
reef in lat. 10°, seven miles long and from one to three 

broad, resembling a boot in sLape, and apparently in
cluding a deep lagoon. Eight miles westward of this, 
and forming part of t.llC barrier, lie the Murray I slands, 
which are higb and arc encircled. In the Corallian se ..... , 
be;tween the two great barrier-reefs of Australia. and 
New Caledonia, there arc many low islets and coral
reefs, some of which are annular, or like a horse-shoe. 

Bearing in mind the smallness of the scale of our map 
(the lines of latitude being 900 miles apart), we see that 
none of the larger groups of reefl> and islands which arc 
coloured blue, and which arc supposed to have been 
produced by long-continued subsidence, lie near exten
sive lines of coast coloured red; these latter having 
cit.her long remained stationary, or having been upraised 
with new reefs re-formed on them. Where fed and blue 
eircles do occur near each other, I am able, in se\'cral 
instances, to show that there have been oscillations of 
level; subsidence having preceded the elevation of the 
red spots; and elemtion having preceded the subsidence 
of the blue spots; and in this case tbe juxt.'lposition of 
reefs belonging to the two great types of structure is 
little surprising. We find, therefore, that atolls aod 
barrier-rE:efs, which both owe their origin to subsidence, 
lie near together and are as a general rule separated 
from fringing-reefs, which show that t.he land is sta

tionary or rising; and all this holds good to the full 

, Voyage to Terra AU!tralis, 1'01. ii. p. 336. 
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extent which might have been anticipated by our 
theory. 

As atolls have been formed during the sinkrng of 
the land by the upward growth of the reefs which pl'i
m<lJily fring<.,-d the shores of ordinary islands; so we 
might expect that these rings of coral, like so many 
rude outline chans, would still retain traces of the 
general form, 01' at least of the general range, of the 
islands round which they were first modelled. That this 
is the case with the atolls in the Southern Pacific, as 
far as their range is concerned, seems highly probable, 
when we observe that the principal groups are directed 
in nearly N.W. and S.E. lines, and t.hat nearly all the 
mountainous islands and shores in the S. Pacific rango 
in this same direction; namely, N. Eastern Australia, 
New Caledonia, the northern half of New Zealand, the 
New Hebrides, Saloman, Navigator, Society, Marquesas, 
and Austral archipelagoes. In the Northern Pacific, tho 
Caroline atollB almost abut against the N.W. line of 
the )Iarshall atolls, much in the same manner as the E 
and W. line of islands extending from Ceram to New 
Britain abuts against New Ireland. In the Indian 
Ocean the Laceadive and l\faldiva atolls extend nearly 
parallel to the western mountains of India. There is 
also a close resemblance between atolls and ordinary 
islands in the manner in whieh they are grouped, as 
well as in their shapes. Thus the outline of aU the 
larger groups of arolls is elongated; and the atolls 
themselves are generally elongated in the same direc
tion with the group. The Chagos group is less elon-
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brated than is usual, and the individual atolls in it. are 
likewise but little elongated; this is strikingly seen by 
comparing them with the neighbouring Maldiv:l atolls. 
In the Marshall and Maldiva archipelagoes, the atolls 

are ranged in two parallel lines, Jike a great double 
mountain-chain. Some of the atolls in the larger 
archipelagoes stand so near to each other, and have such 

an evident relationship, that they compose little sub

groups; in the Caroline Archipelago, onc such sub-group 
consists of Ponynipete, a lofty island encircled by a 
burrier-reef, and separated by a channel only four miles 
and a half in width from Andeema atoll, with a second 

atoll a little further removed. 
On the direct evidence of the blue spaces in the map 

having subsided during the upward growth of the 
reefs thus coloured, and of the red spaees having 
1'MfUtined 8tationary, OJ' having been uprai8ed.-With 
respect to subsideuee, we cannot expect to obtain in 
semi_civilized countries proofs of a movement which 

tends to conceal its own evidence. But on coral-island;! 
we see plain signs of a round of decay and renovation
on some, the last vestiges of land-its first commence
ment on others: we hear of storms washing away and 

desolating the islets to an extent which astonished the 
inhabitants; we know by the great fissures with which 

some of these islands are traversed, and by the earth
quakes felt under others, that subterranean disturbances 

are in progre~s. All these appearances accord well with 
the belief that these islands have recently subsided; 
though not proving the fact. At Keeling atoll, however, 
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I have described certain appearances, which seem 
directly to show tbat the surface subsided tbere during 
tbe late earthquakes. In the Caroline Archipelago, 
the island of Pouynipcte (Illate r. fig. 7), from being en
circled by a great barrier-reef, must have subsided, in 
accordance with our theory; and in the New South 
Wales Lit. Advert. Feb. HI35, there is an account of 
this island, (subsequently confirmed by 1\1r. Campbell,) 
in \vhich it is said, 'At the N.E. end, at a. place called 
Tamen, there are ruins of a t-own, now only accessible 
by boats, the waves 1'eaching to the steps of the lwuses.' 
Hence it would appear tlmt the island must have sub
sided since these houses were built. Mr. Hales also states, 
from information acquired during the U. S. Exploring 
Expedition, that certain buildings on this island are 
now in the water: 'what were once paths are now 
passages for canoes,and when the walls are broken down 
the water enters the enclosures.'1 Vanikoro, according 
to the Chevalier Dillon, is often violently shaken by 
eartbquakes, and there, the \musual depth of tbe channel 
between the shore and the reef, the wall-like structme 
on the inner side of the reef, the small quantity of low 
alluvial land at the foot of the mountains, and the almost 
entire absence of islets on the reef, all seem to show 
that this island has not remained long at its present 
level. I At the Society Archipelago, on the other hand, 

1 Professor Dana al8() wnclude5 from these facts that the isJand 
sUhlliding; _ Comb and Coral Ldaode, 1872, p. 330 . 

• See Captain Dillon's VOYllj;(e in SMl'cll of La PeyroUBe. M. Cordier. 
in hi. Report on the Yoyage of the M(t'()/~ (,·o!. i. p. cxi.), lipeakingof 
Yllnikoro, 8(1.,YlI the .mo,..,., nm 6urrounded by ~r8 of msdrepore, 'pima 
QUlin etn d~ formation tout-a.fait nwdernt.'. 
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where a slight tremor is only rarely felt, the shoalness of 

the lagoon-channels round some of the islands, the 
number of islets formed on t.he reefs of others, and tho 
broad belt of low land at the foot of the mountains, all 
indicate that these islands have not undergone for a long 
period, any mo,emcnt of subsidence, aiLbaugh their 

encircling reefs must on our theory have been originally 
produced through subsidence.\ 

Although Dana admits that atolls and barrier-reefs 
must have been oribrillally formed by the subsidence of 
their fotuldations, he believes that a large number of 

atolls, situated between the Paumotu or Low group to the 
east and the Feejees to the west, and northward nearly 
as far as the equator, have recently been uplifted to the 
height of a very few fect.2 Mr. Couthouy came to a 

similar conclusion during the same expedition with 
respect to many of the Paumotu atolls. These observers 
ground their belief chiefly from ha.ving found the great 

shell!! of the Tridacna vertically embedded in ooral-rock, 
at a height at which they cannot noW' exist. Mr. 
Couthouy also states that he found corals standing on 
the shores and in the midst of the lagoons, from 12 to 

30 inches above the sea-level, with the tips of their 
branches dead. He also refers to masses of coral-rock 

I Mr. Couthouy ~t.Iltes (Rol:lllUks, p. 44), that at Tahiti and Eimoo 
tho spaco between the ~ef and the shore has been nearly filled up by 
the extensiou of eornl·rcefs of the kind which within lDOIlt bamer·reefs 
merely fringe the Illnd. }"rom this circUID.t..noo, he IIrri~e8 at the IllilDO 
ronclusion as I hayo dODO, namely, that the Society Islauds ha\"o 
remained stationary during a long period . 

• Corals and Coral lshmds, 1872, pp. 199, 346. See also Mr. Cou" 
thouy's Remark.! OD Coral Formations. 
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which he thinks could not have been carried into thcir 
present positions and subsequently been water-worn, 
wbilst Ule land stood at its present level. Nevertheless 
it might, I think, have been anticipated that many 
atolls would have presented the above appeamnce, if 
they had long remained at a rlationary level. The sea, 

after the land had at some former period subsided a few 

feet, would 1a"e continued for a long time breaking 
over the whole roof, even after the living corals had 
grown up to their full height on the outer margin. The 
waters of the lagoon would thus have been disturbed and 

raised, so that shells and corals, from being bathed by 
the troubled waters, could have existed at a greater 
height than that at which they could cxist after the 
reef harl been raised by the agglutination of fragments 

and sand, and after islets had been formed on its sur
face. Even the mere outward growth of a. reef, and tile 

consequent increase of its breadtll, by checking the 
inward rush of t.he breakers, would t.end to lower the 
level in the lagoon at which corab and shells can live. 

We have seen that at the Keeling Islands there are 
fields of rotten coral with the tips of t.heir bra.nches pro
jccting above the surface of the lagoon,-the result of 
the tides not rising so high as fonnerly(as is said to be 

the case by the inhabitants), from tbe closing of the 
channels between the islets on the outer reef, and from 

the lagoon being partially choked up by the growth 
of the corals. Here, so far from there having been 
nny recent elevation of tbe land, we have reason to 
believe that there hIlS been subsidence. Messrs. Dana 
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and Coutbouy's obsen'atioDS relate chiefly to tho 
Paumotll atollB, and here again some facts indicate 
rccent subsidence rather than e1c\'ation: I refer to the 
manner in which Chain atoll suffered during a storm, 
and to Sir E. Belcher's statement,' that after an interval 
of fourtoon years, a well-known islet had disappeared, 
and tbe Jagoon at a particular spot had become deeper 
than it was before. 

There are other causes of change which might, as it 
appears to me, easily lead to a mistaken belief in the 
recent elevation of low coral formations. 'Va must re
member that the ollter and Jiving margin of the reef 
grows up to a height determined by the (:onstant break
ing of the waves. Outside this margin there is a sloping 
surface also covered with living corals, but belonging to 
species which do not grow to the surface ; and ~ond 
this, there is a much steeper slope consisting of coral
sand. Now after a somewhat rapid subsidence of, for 
instance, one or two fathoms, we may feel almost sure 
that the corals on the outer margin would grow up 
quickly to the surface and form a nearly vertical wall. 
This would be succeeded outside by a steeply sloping 
surface of living ctorals, which would likewise sooner or 
later grow up in their former level; hut outside this, 
the mucl! steeper slope, formed by the slow accumula
tion of fine detritus, would not recover for a very long 
time its former angle relatively to the upper bank of 
living corals. Now it seems highly probable that a 

I Voyage Roulld tho World, TOI. i. 1843, p. 382. 
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change of any kind in the outer submarine slope of an 
island would influence the height to whieh the living 

corals on the margin would be constantly bathed by the 
surf, and to which they would consequently be able to 
grow. Again, it seems possible that if during one season 

of the year the currents of the sea and the prc,'alent 

winds coincided in direction, the waves would then reach 
to a higher level and the corals grow higher, than at 

another ~eason when the currents and the winds did not 
coincide in direction. The result would be that the 
corals which during the one season had grown to their 

full hcight, would at the other season expose their dead 
summits, and give the appearance of the land having 
been slightly elevated. I have referred to these possi

bilities merely to show how difficult· it must ever be to 
judge whether low coral formations have really been 

raised to a height of only two or three feet, as Dana 
believes to have been the ease with several f:,'TOUpS of 
atolls. ']'0 me it seems more probable that all the above

mentioned appearances merely indicate that the awlls 
in qnestion have long remained at the same level. If, 
however, the conclusion arrived at by so excellent an 
observer as Professor Dana, should hereafter be con

firmed, the question will arise, seeing how immense an 
area has been thus affected, whether those geologists are 

not right who believe that the level of the ocean is 

subject to secular changes from astronomical caWles. 
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Evidence that many coasts/ringed with corat-.ru/s 
and coloured Ted on the map, have been recently 
elevated.-AB the areas which have slowly subsided with
in the period of existing corals arc many and large, 
we might havo expected that such movements would 
have Lecn counterbalanced by the recent elevation of 
other equally large areas; and this, as we shall sec, 
apparently holds good. Corals attached to a riaing 
coast would necessarily form a frinhring-reef; and this 
reef would be upraised at each successive elevation, with 

a new one formed on the coast at a lower level. Such 
reefs would differ only by their smaller breadth from 
those attnclled to a shore which har! long remained 
stationary; for thoy would not have had sufficient time 
to fonn a foundation of their own detritus aDd grow far 
outwards. Fringing-reefs indicate as a general rulo 
that thc land to which they are attached has not re
cently subsided. But they do not tell us whether 
the land is rising or stationary. Nevertheless, the 
crust of the carth seems liable t(l such incessant changes 
of level that a long-continued stationary condition ap
parently is rare. We may infer that this is so from 
the number (If cases, within the limits of our map, in 
which upraised corals or other organie remains hayc 
been found on tIle shores Wllich arc fringed with reefs, 
and arc, theref(lre, coloured red. It may be mentioned 
as bearing on this subject, that I was much surprised 
on first reading a memoir on coral formations by 
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!fDL Quoy and Gaimard,1 by finding that their descrip
tions applied. only to reefs of the fringing class, for I 
knew that they had crossed both the Pacific and Indian 
Oceans; but my surprise ended in satisfaction, when I 
discovered that all the islands which tbey had visited, 
though several in number-namely, Mauritius, Timor, 
New Guinea, the Mariana and Sandwich Archipelagoes 
---could be shown by their own statements to have 
been eleyated within a recent geological period. 

I will now enter 011 somo details, showing how many of 
the islands s lid coasta which from being fringed with reefs are 
coloured. red on our map, llavo been recently uprai!:5ed. 

Salldwich Islalids.-Scveral of the!:5e islands are fringed 
with reef~, though Dana found very few eorrlls nt Hawaii; 
and almost every naturalist who htL!! visited them has there 
observed upr3ised corals and sllells, apparently identical with 
living species. The Rev. W. Ellie informs me that he 
noticed round several parts of Hawaii, beds of cornl detritus, 
about twenty Coot above the level of the sea, and where the 
coast is low they extend {"lor inland. Upraised coral-rock 
forms a considerable part of the borders of Oahu; and at 
Elizabeth IsiflUd2 it composes t.hl·ce strata, each about ten 
fcet thick. Nihau, which forms the northern, as Hawaii does 
tile southern end of the group (350 miles in length), likewiso 
scems to consist of coral and volcanic rocks. Mr. Couthouy3 

has latdy described several upraised beaches and ancient reefs 
with their surfaces perfectly preserved, as welt ns beds of 
recent shells and corals, at thc I slands of Maui, Morokni, 

l ADDH.IC5 dD!l Seicaeey Nat. wm. vi. p. 279, &e . 
• Zoology of Cf\pt.."\in R~chey'~ Voyage, p. 1713. Seo also MM. 

Q.lWY /lad Gaimard in Annaies des Sciences Nat, tom. vi. 
o Remarb on Coml }"Ormlltiona, p. :II. 
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Oahu, and Tauai (or Kauai), all in tIllS group. Mr. Pierce, 
an intelligent resident at Oahu, is convinced, from changes 
which have t.'lken place within his memory during the last 
sl...''i:tccn years, 'that the elevation is at prcs(-Ilt going forward 
at a very perceptible rate.' The natives at Kanai state 
that the land is there gaining rapidly on the sea; and 
Mr. Co11tl1OUY has no doubt, from the nature of the strata, 
that this is the rosult of elevation. 

Elizabeth Island, in the southern pllrt of tho Low or 
Paumotu Archipelago, and Metia in the northern p..1rt, 
consist of upraised coral-rock, closely fringed by living reef>!,' 
In cases like these, where islands have the appearance wMell 

one of the smaller surrounding atolls with a shallow lagoon 

would present if clcvatcd, we are led to conclude that tIl(} 
elevation has taken placo at an cJXlch not geologically rc
mote; for it is improbable tllat such small and low fabrics 
should have resis~d for an immense period all the many 
destroying agents of nature. When the surface of an ordi
nary island is strewed with marine relnains, from the beach 
to a certain height, and not above that height, it is eJl';cecd
ingly improbable that these remains, alth011gh they may not 
havo bcen specifically examined, should belong to any very 
ancient period. It is nccessary to hear these remarks in 
mind, in considering tile evidence of the elevatory move
mcnts in tlle Pacific and Indian Oceans, as it doC!! not often 
rC!!t on specific determinations, and therefore should be re
ceived with caution. SiJl'; of the COQk and AU8tral Island8 
(S.W. of the Society group) aro fringed; of these, fiye 
were described to me by tbe Rev. J. Williams, as formed of 
coral-rock (aasocia~d with some basalt in Mungaia), and tho 
liixth as lofty and basaltic. Mangaia is nearly 300 feet high 

I Dcech"y'$ Yoyage in the Pacifie, p. 46,41.0 edit.. Dana, Corals 8nd 
Cornl IslIl.Dtl~, p. 193. Wilke8, U. S. Exploring r:"f><.odition, '\'01. i. p. 
337. 
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with II level munmit; and, according to Mr. S. Wilson,' is an 
upraised reef; • and there are in the ccntrol hollow, fonnerly 
the bed of the lagoon, many I!Catteroo pntdws of coral. rock, 
IlOme of dIem raised to a lleigllt of forty f~t. ' These knolls 
of cornl·rock werc evidently oncc reefs within the lagoon of 
nn utoll. Mr. Martens, at Sydney, informed me that this 
island is surrounded by a terrace-like plain at about tho 
heigllt of 100 fcct, which probably marks a pause in it!! 
elevation. From tbese £'\cts we may infer that the Cook and 
Austral Islands have been uphcnyoo at a not yery remote 
period. 

Sat'a!J~ l&lar«l (S.E. of the Friendly group) is according 
to Forster about 40 feet in height, and IIccordiug to Williams 
about 100 feet. Forstcr2 describes the planll! Ill! already 
growing out of tho dead but IItillllprigllt nnd ~preading trcclI 

of cornl; and the younger Forster' believell that an ancient 
lagoon is now reprcsented by a central plain: here we canuot 
doubt that tho elevatory forees have recently acted. Tho 
sarno conclueion may be oxt<lndod to tbe islands of tho 
Friendl!J Group, which have been wwl described in the 
seeond and third voyages of Cook, ;mu recently by Dana. 
'l'he surface of Tongatabou is low nnd level, but with parts 
{i0 or GO fC(!t high; the whole consisll! of corol-rock, • which 
yet shewl the cavities and irregularities worn into it by tbe 
action of the tidea." On Eoua the ffiffiO appearances were 
noticed at nn elevation of between 200 and 800 feet. Vavao, 
:I1~o, nt the opposito or northern eutl of the group, consisU!, 
according 10 the Rev. J. Williams, of eornl-rock. Tonga
tabou, with ill! nortbern extensive reefs, resembles either all 
upraised atoll with one half originally imperfect, or ono un~ 
equably elevated; and Anamouka, an atoll equably elevated. 

I Couthouy'. Remarks, p.34. 
I Oblen1lUOPS ma.de duripg Vorago Roupd the World, p. 141. 
I Vor-ge. "01. ii. p. 163 . 
• Cook', Third Voyage (41.0 edit.), 1'01. i. p. 314. 
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'This latter island containsl in its centre a salt-water lake, 
'about a mile and a iJalr in diameter, without any communi. 
~tion with the sea, and around it tIle land rises gradually 
Jike a bank: the highest part is only between twenty and 
thirty feet; but on this part, as well as on tho reat of the 
land, (which, as Cook observes, rises above the height of a 
true lagoon-island,) coral_rock like that on the beach was 
-found. In the Navigator or Samoan A.rcltipelago, Mr. 
-COuthouy2 found on Manua many large fragments of coral at 
the height of eighty feet, 'on a steep hill.side, rising half" 
mile inland from a low sandy plain abounding in marino 
remaius.' The fra.,"TIlcnts were embedded in a mixture of 
-decomposed lava and sand. It is not stated whether they 
were accompanied hy shells, or whether tIle corals resembled 
recent species; as these remains wore embedded, they 
possibly mny belong to a remote epoch; but I presume 
'this was not the opinion of Mr. Ooulhouy. On the other 
Land, l\.lr. Dana saye expressly in one place, that 'no 
I:Ul.tisfilctory evidence!! of elevntion were detected about these 
islands;' and in another place he says (p. 326) that BOrne of 
the island!! have probably subsided. Earthquake!! are vary 
irequent in this archipelago. 

Still proceeding westward we come to the New Hebrides. 
<>n theso island!!, Mr. G. Bennett (author of Wanderings 
'in New South Wale!!) informs me that he found much coral 
.at a great altitude, whiell he considered of recent origin. T he 
Loyalty Islands arc situated west of the New Hcbride!!, and 
not far from New Caledonia; and one of tbese islands has 
been clearly ~hown by the Rev. W . B. Clarke (Journal of 
Geelog. Soc. 184-7, p. 61) to consist wholly of coral.roek, and 
to have been raised within a recent period by at least two 
distinct elevntions to the height :of 250 foot. The shores are 
now fringed by reefs. Respecting Santa Cru~ and the 

, Cook' .. Third VO)'llg(l (410 edit.), vol. i. p. 235 
• Remarb on Coral Formatiooe, p. (i0. 
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SalotTUm Archipelago, I h .. we 110 information; but at New 
Ireland, which forms the northern point of the latter ehuin, 
both Labillardiere and I~esson have described large beds of 
an apparently very modern madreporitic rook, with the form 
of the corals little altered. '1'he latter authorl ~tate~ that this 
formation composes a newer line of CO."1st, modelled round 
an ancient one. 'I'here only remains to be described in the 
Pacific, that curved line of fringed islands, of which the 
jJfariarW8 form t110 main part. Of these Guam, Rota, Tinian, 
Saypan, and some islets further north, arc described by Quoy 
and Gaimard,i and Chamisso,3 as cllicfly composed of mndre
poritic limestone, which attains a considerable elevation, and 
i~ in severnl cases worn into successively ri!!ing cliffs: tho two 
former naturalists seem to have compared the corals and shells 
with the existing oncs, and state that they arc of rccent spccics. 
Peel Island, one of the 13o11in or Arzobispo group, between 
the Mariana~ and Japan,ll3S fringing-reefs; and it has clearly 
been upraised to a height of at least 50 feet, as shown by the 
ridges of corals and shells extending uniformly at this level} 
Pais, whieh lice in tho prolonged line of the Marianas, 
between this group and the Pellewa, ill frillged by reefs; it 
is 90 feet high, and consists entirely of madre pori tic rock.6 

In the Ea8t IrIdian Archipelayo, many authors lmve 1'e· 
corded proofll of ~eent elevation. M. LcssonG states that 
near Port Dory, on the north coast of New Guinea, the shores 
are flanked, to the height of 150 feet, by madreporitic f1trata 
of a modern date. lie mentions silllihtr formationsat Waigiou, 
Amboina, 13ourou, Caram, Sonda, and Timor: at this latter plnee, 
MM. Quoy and Gaimard 1 have likewi~e described the primi· 

'Toy"go do 111. ClXJui1l~, PlI.rt. 7.oo10g. 
, :Froyeinct'~ Toyage lI.utourdu Monde. See also the lIydrographkfll 

]IJemoir. p. 215. • Kotzebue's :Fir"t ""oyage. 
• P . .... v. Gr ... "\"~s, Jouroll.l of Cleologieal Soc. 1855, p. 532. 
• Lutk.i·s ,"oyase, '·01. ii. 11.304. 
• Partie 7..oo1og. VOYlI.ge de 10. COIJllille. 
, Ann. des Scicn. Kat., tom. ,·i. p. 261. 

N 
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live roeks, as eonted to 11 con!li.dcrable height witll COrtil. 
Some small illlc!s (!aStward of Timor are .eai(i in Kolif's Yoynge l 

to rcscmble lIIIIall coral islets llprniscd some feet aooyo the 8C3. 

Dr. Mncolmson informs mo that Dr. Uardic found in J(Wel un 
oxteneivc formation, containing aD abundance of shells, of 
which dIe greater part nppcnr to be of existing spcciC!'.. Dr. 
Jack' has described some upraised sll(~l1l and ooral~ appnrently 
recent, on Pulo Nins off Sumatra; and blnradcn relates in hill 
history of tLis great isl:md, thllt the naffiC9 of many promon
tories Rhow that they w{' re origillilily i!!lnnds. On part of tho 
wcf!t COIlst of Borneo and at the Booloo islamlB, tho fonn of tho 
Irmd, the nature of the soil, and dIe wntcr-w3.IIhed ro<:k~, 

pretcnt appearances' {nlthough it is doubtful whether such 
vng;ue evidence i8 worthy of mention) of Iiaving recently been 
covered by the lIClI; tlud the inhabitants of the 800100 Islands 
beljevQ that this Im~ bccn tho cn..'K'. Mr. Cuming, who 111ls 
lately investigater! with 110 much success tho mollusca of tho 
Phillippi/les, found lIenr Cabllg:m, in L uzon, nbout [,0 feet 
IIOO\'Q the l:vol of the R. Caguynn nnd 70 milos from its 
moutIl, a Jarge bed of fOSllil sbcll$: tllCSC, as ho informs me, 
nro certainly of tho same species lvitb those now exl.,ting on 
tho mores of the neiglllxlUring island!. From the accounts 
gil'on by Captain BASil H all and C.'lpulin Beechey· of tho lines 

I Tnlnslo.ted by Win(!/iOr &lTl, chaps. vi. and vii. 
t Ooolog. Tnmsact. 2nd II('riell, rol. i. p. 403. On lho Peninsula of 

llalll.O('a, in front of PeD4Dg. ~o 30' ~., Dr. WanI eollccted eome shel],1 
which Dr. lUaleolmson inf~ m8, although DOt. eomp;.rod ... ith exisl· 
ing spoc:ict, had a r«cnt sl'pe!lran~. Dr .• WlU'd describes in thill 
neighbourhood (Trans .• ""amt. !Soc. ToL niii., part. 2, p. 166) Il single 
wlVe ... worn rook. with a oonglomel'l!.to of aell-I\b"I/S It itl b""", sitUlltoo 
~ix miles inh ... d, whieh, lLecordiog to the traditions of the nltives. Wll.8 

Olll'(l eurroumled by the sea. Cnptniu Low hUti nlBodellCribcd (ibid. Part i. 
p. 131) mounds of Ihelilllying t..-o mile. inlnnd 011 this line of const. 

I Notiecs of the l-:att 100.lillo ,h.'h., Singnporc, 1828, [po 6, ILnd 
Append. p. 43 . 

• C.p!lIin n. llall, '-oYIIg<! to Lao Chao, Appeuol. Pr. :ui. and ::In. 

c..ptain Ikech~y'li Yoytlgt, p. 496. 
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or inland reefs. and WHlIs of com! rock worn into c.'lves, aoo,·o 
the present reach of the wal'as, a t the Loo CllOo lsIand", tllero 
can be little doubt that they ll:we been upraisod at no " cry 
remote per iod. 

Dr. Davy l describes the northern province of CC!JIO)~ as 
being very low, and composed of a limeawnc with shells and 
eornls of yery recent origin ; he lIdds, that i t does Dot admit of 
a douht that the sea has re tired from this district eyen witllin 
the memo!'y of man. There is al~ som~ reason for believing 
that the eastern shores of I ndia, north of Ceylon, have been 
upraised within the recent pcriod.2 On the opposite ~ide of 
tho Gulf of }S1!1lg:lI, Captain Hal~tc.1d everywhere fou nd dllring 
his sur,or of the Burmese co.'\8t (il8 lie informed Sir C. Lyell) , 
proofs of recent elevation in uprai>l(l(i bc.1ches and beds of 
shells and conUs. In the Indian Ocean MallM'lius bas boon 
recently upraised, as I have shown in the clmptcr on fringing
reefs. 'l'he northern extremity of .Vadagal.OO1' is described by 
Captain Owens as formed of madreporitic rock, all likewiae aro 
the shore~ ana. outlying islands alollg an immellsc space of 
E aster/I Africa, from a little north of tllO equator lor gOO 
miles southward. Nothing cnn be mom vague than ilie ex-

'Th'vel~ in Ceylon, p. 13. This madroporitic forlll: .. t;on i. men
tioned by)J. Cordier ill his ",port. to tho Institute (Msy 4, 1339) 01\ 
tile ,·oyage of the C~ttl, as ono of immense ol<tcnl, and belonging t(l
the latest tertil.ry IK:riocl . 

• Dr. "Benza, in bi! J",l1tnoy throllgb the~. Cirrors (the i\ladms Lil. 
nnd Scient. Journal, vol. , .. ), 1m. dOlieribed a formation ... ith recent 
freshlrntcr and mnrino 81oe11", occurring fl.t tho distlluco of 1.111'00 or fonr' 
miles from tho pI'C$CU~ ~horo. Dr. DenUl, in conversation willi me, 
nttribuood their po6iloion to n nOlO of the laud. Dr, :Ma.loolm'>Oll, ho,,·· 
~\·cr. (and uU'lre cannot be n higher authority on tl,o geology of 1I1dill.,) 
informs me that hu fiUSpeCts thllt thetIC bods may havo boen fonned by 
tho mere action of th~ ,\\1' \'6$ and currents accumulating 500iOleut. From 
nll1lology I should much indin& to Dr. 'BIloUl's opinion. 

I Owen'sArno", wI. ii. p. 37, {or Madagascar; and forS. Afd<ro, \'01. i, 
pp. 41 2 and 426. Lioul. Boteler's narrativo cont:oin~ ful ler partieulnnr. 
reg.uding tho ooral roek. \'01. i. p.I14. nnd vol. ii. Pl'. 41 and 64 . &'0 
also RlU!Chcnbel'ftllf's " oya;e round tho WorlJ, "01. i . p. 60. 

:( 2 
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pression 'mndrcporitic rock;' but at tho 1!.1mC time it i~ I 
think, 5C.,\fcely ~ible to look at the chart of the linear isleu 
r unning in front of tho const from tlJ(l cqwltor far southward, 
t\lld riJ:liug to a greater height than can be accounted fo\' by 
the growth of coral, without fcclingconvinccu that a lincoffring
ing-reefs has been elevated Ilt a period 80 recent, that no great 
changes have Hinoo taken place on the surface of this paft 01 
the globe. Some, also, of tho higller islands of madrcporitic 
rock on tllis coast, for instance Pemba, are singularly sllaped, 
apparently showing the combinod effect of the growth of cornl 
on submerged banks, together with tbeir subsequent upheaval. 
Dr. Allan informs me that he never observed any clevated 
orgtlnic remains on the Seychelles, which como under our 
fringed class. 

The nature of tho formations round the ellOres of the Red 
Sea, as described by several authors, proves that the whole of 
this large area has been elevated within a very recent tertiary 
epoch. A part of this spaco in the appended map is coloured 
blue, inwe:lting the presenoo of barrier-reefs; on which cir
cumstance I shall presently make some remarks. Riippelll 
states that the tertiary formation, of whiell he Ims examined 
the organic remains. forms a fringe along the shores with a 
uniform height of from 30 to 40 feet, from the mouth of tho 
Gulf of Suez to about lat. 26°; but that south of 26°, tho 
beds attain only tho height of from 12 to 15 feet. This, how
ever, can hardly be quite accurato; although posaibly thero 
may be a decrease in the ele\·ation of the shores in the middle 
parts of the Red Sea, for Dr. Malcolmson informs me that he 
<:ollected shells and .corals, app.1rently recent, froni the cliff.., 
of Camaran Island (lat. 15° 30' S.) at a height of between 30 
to 40 feet; and Mr. Salt (Travels in Abyssinia) describes a. 
similar formation a little soutllward on tile opposite shore at 
Amphila. Moreover, near the mouth of the Gulf of Suez, 
although on tho coast opposite to tllUt on wllich Dr. Uilppcll 

I Riippell, neiS(! ill AllyssinicII, Band i. B. 141. 

The Com lete Work of Charles Darwin Online 



CII. VI. DlSTRlBUTIOX OF CORAL-REEFS. 181 

8.1YS that the modern beds lI.ttnill II height of ouly 30 to 
40 feet, Mr. Burton l found Il depoeit repleto with existing 
species of sllclls, at the heigllt of 200 fee t. In an admirablo 
!!Cries of drawings by Captain Moresby, I could !See how continu
ously the clirr-bounded, low, tertiary plains extended with n 
neurly equablo lleight, both on the el.\stem and wester'll sllorc~. 
Tho southern eoast of Arabia IICCms t{) Im.ve bt;Cn subjected to 
tho sarno ,devuoory movement, for Dr. MaloolmllOn found at 
Sallar low clin:~ cont.'lining shena and corals apparently of 
recent lipecies. 

The FeNian Gulf nbounds "jlh coral-rrefs; but as in 
this sIlH\lOIV sea it is difficult to distinguish reefs fr{)m sand
bunk"" I have coloured only some near the month. Towards 
the l)ead of tIle gulf Mr. AinSlVorth~ says that the lund is 
worn into terraces, and tllnt the strntn contnin organic remains 
of existing forms. 

Tho lVut I ndian Ar-cll1pela!JQ of 'fringed islands ' nlone 
remaiIlBoobementioned : c\.ideneeofancle\.stion within 0. 

late tertiary epoch ornen-rly the whole of this great area, may 
be fouud iu the works of almost aU the geologisbi who hlll'e 
l'isitcd it. I will give somo of the priucipal references in n 
11000.3 

' Lyell'. Principlos of Geoiogy, lith edition, ,·o!. i,'. p. 2.:i . 
• Ai"~,,,orth'8 A~yria lind 11,1'ylon, p. 21 7. 
I Thue ~f"I'eDce~ only ",Iato t.o workll pul>lislJcJ ~fore IS 12, the 

olate of the fir&t edition of this hook. 011 .Florid" Dnd the north ~hore8 
of the uulf of Mc~ioo, Roger~' Hcport t.o Brit. AII.'IOC. ,'01. iii. p. 14.
On the ~hor~s of .Mc~ico, llumwldt, Polit. F'-MY 011 New Spain, yol. i. 
I'. 62. (1 hnt'e &180 same corroborative factll with respect to the .hOI't)$ 

of Mcxiro.)-llollduras and th6 Antilll\ll, Lyell'. Prinriple., [llh ed. 
,·0J. iI'. p. 22.-&nt& Crnz Rndllarb.doeN, l'rof.}Jovey, SilliIIUJ.u'B Joum. 
YO!. U:l\·. p. ri. - St. DomioS(O, Courrojolltll Jour. d .. l'h)"8. tern. liv. 
Po I06._Il.tbn.mlls \Jnited Servi~ JOllrn. :So. wi. pp. 218 Rnd 224._ 
J lmRiea, Do ialleehe, Gool. )Inn. p. 142.-Cul.oe, Taylor in Lond. and 
Ed;n. l'hil. )bg. "01. xi. p. I i. Dr. ])aullfney at.. at & meeting of the 
O~!Ojt. f:o.-. orally de~eribed 8Omo \"ery moocrD i.>cd.If lying on the N.W. 
JlIlrtl of Cub... I might h!\TO lidded mao)' othe .. IC>\S importent 
rofcreDl'u. 

The Complete Work of Charles Darwin Online 



182 IHSTm:nUTIO~ OF CORAL-nEEt's, elf. VI . 

011 reviewing the abo'·e details it is impo$sible not 
to be struck with the number of cases in which upraised 
organic remains, apparently belonging W the recent 
period, have been found on ille shores now fringed by 
reefs, and which arc coloured red on our map. It may. 
however, be thought that similar proof~ of elevation 
could be found on the coasts coloured blue, and which 
we have good reason to belie\'e have recently subsided; 
but such proofl'! cannot be found, with the few follow
ing and doubtful exceptions. 

'f he entire arca of the Red Sea. appears to ha\'o been 
upraised within a late tertiary period; neverlheless I 
have been compelled, though on unsatisfactory evidence 
(given in the Appcndix\ to class the reefs in the middle 
part of the coast, not as fringing, but as barricr-reefs. 
If, however, the statements should prove accnrate re
specting the less height of the terliary beds in the 
middle, compared with the northern and southern 
districts, we might well suspect that the former Imd 
subsided subscquently to a general elcvation by which 
the whole area had previously lx!cIl upraised. Several 
authors I have observed shells and corals lliglt up on the 

, Elli~, in hig Polynel!ia!\ RCI!('nI'Che>:, was the finlt to ~J!.11 nttention 
to thp"e remaius (\"01. i. p. 38), aod tll., t""dilion oftbe nati1;"cs concern· 
ing them. Sc.:: nl!lO Williams, ::>/ar. of Mis~. Enterpriso, p. 21; alao 
Tyotman .1nd G. Bennett, Journ. of Yo..,..go. vol. i . p. Z13; "Iso Mr. 
Conthouy'~ Remarks, p. ~1 ; but his pr;llcipai fact. namely. that thOr() 
is a mass of upraised col"'011 on !l,O n.1rrow peninsula Df Tiarubu, ie from 
hea,"""y ,,,"ideuce; nlsD Mr. Stutehbury. ·West of England JDurn. 1'\0. I, 
p . .'I i. Thero;8 .. pA.ssage in "on :t"~eJ" Corres. Astrollonl. \'01. :r. 
p. 266, inferring lin nprising at 1'a),it;. from a footpath now used, whieh 
was form6rly imp3.8sab\e; Imt I particularly cnqui~1 from fIO\'crul 
native cllicf" whether they knew of any cI""'ge of this kind, and they 
\\"oro nnanimous in gh·ing mo an answer in tho negath·e. 
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mountains of the Society Islands,-a group of islands 
encircled by barrier-reefs, and which, therefore, must 
bave recently subsided. Thus at Tahiti, Mr. Stutchbury 
found on the summit of one of the highest mountains, 

between 5,000 and 7,000 fcct abovc the level of the sea, 

'a distinct and regular stratum of semi-fossil coral ;' 
but we canllOt. infer from such cvidence as t.his that the 

island has been elevated within the recent period; and 
on the other hand, several naturalists, including l\Ir. 
Dam~ and myself, have in vain searched near the coast 
for upraised shells and cOI"als, where if prescnt. they 

could not llil\'e been overlooked. Two of the H an'ey 
Islands, namely, Aitut..'lki and Manouai, are formed of 
upraised coral rocks, and have probaiJly been elevated 
within 11 recent period; ne\'ertheless they are encircled 

hy reefs extending so tilr from the land, that I have 
coloured them blue, Lhough with much hesitation, us 

Lhe $;pace within the reef is shallow, and the encircled 
land is not abrupt. If these reefs really belong to the 
barrier cla...~, we have here another instance of subsi

deuce h:l\'ing followed elevation, both movements having 
been effected apparently within the reccnt period. There 
arc also many cases of contI-formations, such as Elizabeth 

Island,:Uctia, l.\Iangaia, seveml of the Friendly and one of 
the LO'yal~y Islands, which it can hurdly be doubted once 

cx.isted as atolls, and were originally formed during sub
sidence, but h:u·e since bcen clm'nted, and are now sur

rounded by fringing-reefs. We hu,'c, however, no 
reason to feel surprise at occasional or even frequent 
altcrnatit"'1S of lcvel of the abo,'c two kinds. 
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On the ab8ence of actiL'6 Volcanoa in Ute al'eas of 
subtri<knce, and on theil' frtIJwmt presence -i.n the areas 
of elevatum.1-The absence of active volcanos through

out the great areas of subsidence on our map. as 
shown by the pale and dark bluo tints,-namely, in 
tIle central part~ of tIle Indian Ocean, in the Cllina. 

Sea, in the sea between the barriers of Australia and 

New Caledonia, in the Caroline, Marshall, Gilbert, and 
JAW Archipelagoes,-is a very striking fact. So is the 
presence of active volcanic veuts and chains on or near 

many of the shores colourcd red on our map, and which 
are fringed with reefs; for, as we ba\"(' just seen, these 
fring-ed coasts have been recently uplwuved in a large 

number of cases. Active volcanos likewise eoineidewith 
proofs of recent elevation on or ncar several other 

long lines of coast within til(' limits of our map, 
where there arc DO reefs of liying coml!!, and which 
consequently are not coloured red. It must be here 

remarked with regard to the proofs of both suooidencc 
nnd elevation, that I do DOt judge by the absence or 
presence or nature of tho coral-reefs ronnd the volcanos 

therosch'es; for, as Dana repeatedly inAi~ts, tIle corals 
may have been there destroyed or injuroo by the heat 
or exhalations. Nor ha\'c I taken into acconnt tIle 

presence of upraised organic remains on the flanks of 

the volcanos thcmsclHlS. I judge from the position of 

'It may bo well here to ",,,II, that all The rHfa Oil the map .... efO 
eolo" ... "d either !WI or bluo before tbo "crmiliOIl Hpol8 IUId btrcab., 
IIhowing tho poo<ilion of tho IU'til""o l""olClinOll and rolC"-lIic chains, were 
udded; nlld ind,*" before 1 know of tho llJ[iat.coco of scnral of them, 
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the active volcanic vents in relation to neighbouring 
islands and coast!>, situated at too great a distance for 
any corals growing there to be injured by the eruptions; 
and where, from the presence of atoll-formed or barrier
reefs, or of upraised' marine remains, we have reason 
to believe that either subsidence or elevation has 
occurred with.in a recent period. 

The following cases offer a few partial exceptions to 
the rule that active yoleanos arc situated at a. distance 
from the areas of subsidence. The Great Comoro 
I sland probably contains a "oIcano, and it is only 
twenty miles distant from the batTier-reef of Mohila. 
Ambil volcano, in the Phillippine Archipelago, is dis
tant only a little more than sixty miles from the atoll
formed Appoo reef: and there are two other volcanos 
on the map within ninety miles of circles coloured 
blue. But there is not a single a.cti"e "olcano wilhin 
several hundred miles of a group, even a small group, of 
atolls; and it is clear that a group of atolll>, surmount
ing a number of islands now all sunk beneath the leYd 
of thc sea, implies u much greater amount of subsi
dence, than does a. single atoll or a single encircling 
barrier-reef. It is a striking fact that two volcanos arc 
known to llavc been in l"eCent action in tho Friendly 
Archipelago; amI tllC islands h{we here been formed 
by the reccnt elevation of a group of atolls. Again, 
cxtinct craters and well-preserved streams of l{\.Va occur 
on many of the elleircled island,; in the Pacific, and 
these by our theory hU\'8 8ubsided at no very remote 
pcriod; but although thus plainly formed of volcanic 
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matter, they do not offer a ~ingle active volcano. In 
these ca.sc~ tllfl volcanos 80cm to have come into action 
or to have been extinguishcJ., in accordance with the 
latest movements of elevation or subsidence. 

Within the liwits of our map. active volcanos occur 
on or near other OO.,sts besides those which are fringed 

with reefs and coloured red; and some of these coast!! 

arc known to have been upraised within the recent 
period. Thus I havo shown in my Geological Observa
tions on S. America ( 1846) that the whole western shore 
of this great continent, for a space of between 2,(K)() and 

3,000 miles soulh of the equator, has undergone an up-
ward movement during tbe period of existing marine 
shells; and the Andes here form the grandest volcanic 
chain in the world. The i~lands on the north-westenl 
side of the Pacific, forming the second gmndest volcanic 

oCIluin, arc "cry imperfcctly known; but Luzon. in the 

Phillippincs, and the Loo Chao islands, han! been re
cently elevated; and at Kamtscllatka 1 there are exten
sive tertiary beds of modern date. The eo-cxi~tence 

in other parts of the world, of acth'e volcanos with 
upraised beds of a modem origin, will occur to e\'ery 

geologist. Nevertheless, until it could be shown that 
volcanos were absent or inacti,c ill subsiding arcas, dw 
conclusion that their distribution depended on tho 

Ilulnrc of the subterranean 

would have been ha7.ardous. 

movements in progress, 
But now, viewing tho 

, ~amely, at Sed&nb, in 1a1. 680 N. (\'on n\lcb'~ Descript. ues Isle", 
ClulIl'ies, p. 4~). 
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appended map, it may, I lhink, be cons.idered as 

almost established, that \'olcanos are often present in 
the areas which have lalely risen er arc still rising, 

and are invariably absent in lhose which bave lately 
subsided or are still snbsiding; and this, I think, is 

the most important generalisation to wbicb t.he stndy 
of coral-recf" has indirectly led me.! 

On tM cli'1'lUnswns and nUltive posUiQ7UJ of tiM 

8uh8idi'll!] areas on otu' map, as indicated b'lJ lM pre
sence of atolls awl barl'ieT-rufs; and of the risin!] Oi' 

8tationary aJ'eas, tt8 known by 'Upraised oraanic 1'e
'mains, 01' inferred f)'om the pl'e8l'nceoj f1ingin!]-'/·eefl! . 
-The immense surfaces seen on the map, which ac

cording to our theory, 01' from the plain evidence of 
upraised remains, bave undergone either a downwards 

or npwards change of levcl within a geologically late 
period, is a. highly remarkable fact.. The existence of 
contineuts shows that the areal! which have been up
raised are immense. With rellpcct to South America. 

we may feel sure, and with respect to the western shores 
of the Indian Ocean we have reason to suspect, that 
this rising is either now actually in progrc:;s, or bas 

taken place quite recently. By our theory, it may 
safely be inferred that the areas which have lately sub

sided are likewise immense; or, judging from the earth
quakes now occasionnlly felt there, and from other ap-

, WtIM)' inftr from lhi8 rule, th&.tAtIlDY plll('(lll'hen! aD old formation 
conl4in~ inur..1.mtiflool hel ... of orupttd matter, Iho larCaro of the land 
or the bed of tho .ell, fOrnloo, at the period of eruption, II rising, at 
least nOL a Buh!liding nroo. 
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pcnrances, are still subsiding. The smallness of tbe 
lOcale of our map !ihould not be overlooked; each square 
on it containing 810,000 square miles. If we take the 
space of ocean from near tbe southern cod of the Low 
Archipelago to the northern end of the Marshall Archi
pclago,-a length of 4,500 miles, we see that, as far as 
known, every island, excepting Metin, is at.oll-formed. 
The eastern and western boundaries of our map arc 
continents, and they are rising: the central areas of 
the great Indian and Pacific Ocea.ns, aro mostly sub
siding; between them, north of Australia, lies the most 
hroken land on the globe, and tbero the rising parh 
,tfe surrounded and penetrated by meas of subsidence i' 
so tbat the prevailing movements IIOW in progress, seem 

to accord with the prc~ent state of the great terrestrial 
nnd oceanic divisions of the world. 

The blue spaces on the map are nearly all elongated; 
such as the great north and south line of atolls in the 
Indian Ocean, the space bet.ween lhe bmrier-recfs of 
Australia and ?{ew Caledonia, the Caroline Archi
pelago, &c. Whet.her adjoilling elongated spaces, run
ning in different directions, have suhsided by one com
mon movement, or independently o( each other, we do 
not know. In tho case of the Caroline and Marshall 
Archipelagos, situated near each other, but extending 
in different directions, it seems probable tlmt. they have 

I 18uspeet thut the Arro mill TimOl'-laut blnnd~ I'relN'nt an indll<lell 
1!nl1lll area nf ~ub.idcll('e, like thOlt of the ChinA Sel\; but I Moe not 
,·enlure..l to colour tht m blue, owing to the lraut of .u!'fleient informa_ 
tion. Sao Appendix. 
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sub9ided independently of each other; for the ~(eAskil1 

Islands,l lying towards the eastern end of the Caroline 
Archipelago, arc formed of upraised coral_rock; and we 
thus sec that tbe above two arcas of subsidence have 

been at one time interrupted by an area of upheaval. 
The eurved line of elevation formed by the Mariana 

Islands, seems to cross a former line of subsidence pro
longed from the Caroline Archipelago; for the island 

of Fais, apparently an upraised :Ltoll, is situated nearly 
at the point of intersection of the two lines. The 

Sandwich Archipelago is 530 miles in length, from 
Hawaii to the westernmost rocky idel, but is pro

longed by numerous reefs to a point 2,000 miles dis
tant from Hawaii. The south-eastern end of this long 
line is one of elevation and of volcanic activity; 

whereas the north-western end, judging from the 
structure of the reefs, though these are imperfectly 

known, is one of subsidence.2 So that here we ap
parently have opposite movements in progress towards 
the two extremiti('s of the same long line. The com

monest case seems to be a. tendency to alternation 
between the areas of subsidence and elevation, as if 
the sinking of one had counterbalanced the rising of 
another. 

The existence in many parts of the world of lofty 
table-laml, proves that large surfaces have been upraised 

in mass to a great height above the lcvel of the sea; 

althollgh in almost every country the highest points 

, DIlna, Corols lIud Coral IBlnuda, p. 306 . 
• Dana, CoralB lind Coral Islands, 1'_ 30i, 3{i{i. See al.5omy Appendix. 
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consist of upturned strata, or of erupted matter: llD(l 

from the wide spaces over which atolls arc scattered, 
although not one pinnacle of land now remains above 
the level of the sea, we may conclude that immense 

areas have subsided to an amount sufficient to bury not 
only any formerly existing lofty table-land, but cyon the 
heights formed by fractured strat.'\. and erupted matter. 
'1'he effects left on the land by the later elcvatory 

movements, namely, successively rising cliffs, succes~ 

81 ve · lines of erosion, and groat beds of shells and 
pebbles, all requiring time for their production, prove 

that these movements have been ext!'cmely slow. And 
with respect to the whole amount of subsidence necc~
sary to have produccd the many atolls widely scattcred 
o\'er immense space~, the movement, as already shown, 
must eit,her have beon uniform and exceedingly slow, 

or effected by small steps separated from each other by 
long intervals of time, so as to l13vc allowed the reef-con

structing polypifer;> to bring up their solid frame-works 
to the surface; and this is one of the most interesting 
conclusions to which wc arc led by the stndy of coral

formations. We Lave little means of judging whethcr 
many considerable oscillations of level have usually 
occurred during the elevation of large areas; but we 

know from clear geological evidence, such as trees still 
standjng upright at sllccessive levels and covered by 

marine strata, that this has frequently been the ease; 
and we have seen on our map, that some of tile same 

islands after having subsided, have been upraised; and 
that others after having been uplifted, have subsided. 
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We may therefore conclude that tho subterranean 
changes wh ich canse some areas to rise and others to 
I!ink, have generally acted in a closely I!imilar manu!;'}'. 

Recapitulation.- In the three first chapters, til(' 
principal kindil of coral-reefil wera described in detail, 

and tlwy were found to differ little, ill! far as relates to 
the actual surface of t Ile reef. An utoll differs from 

an encircling barrier-reef only in the absence of land 
within its ccntml exp.'lnse; and a burrier· reef differs 

from a fringing-reef only in being placed, relati,·cly 
to the probable inclination of its submarine foundation, 
at a mnch greater distance from the land, and in 

the presence of a deep lagoon-like space within the 
reef. In the fOUl'th clu~pter the growing powers of the 

reef-constructing polypifers were ditiCusscd; and it was 
shown that they cannot flourilill beneath a very limited 

depth. In accordance with this limit, therc iil no diffi
culty respecting the foundation on Wl1ich a fringing
reef is hased; whereas, with b:::.rrier-reefs and atolls, 
there is the greatest difficulty on tl1is headj-in bar

r ier-reefs from the improbability of rock or banks of 
S<'diment Laving extended, in every instance, so far 

seaward within tile required depth ;-and in atolls, 
from the immensity of the- spaces Q,'er which they are 

interspersed, and the apparellt necessity for believing 
that they are all based on mountain-summits, which, 
although rising very near to the surface of the sea, in 
no one instance rise a1)(I\·c it. '1'0 escape this latter 

admission, which implies the existence of snbmarine 
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chains of mountains of almost exactly the same height 
cl:tending oyer many thousand square miles, thero is 
bub one alternative; namely, the prolongcd sub;..idence 
of the foundations on which tbe atolls first became 
attached, togethcr with tIle upward growth of the 
reef-constmcting corals. On this vicw every difficulty 
vanishes: fringiog-recfl:! arc thus easily converted into 
barrier-reefs; and barrier-reefs into atolls, as soon as 
the last pinnacle of land sinks beneath the surface of 
tbe sca. 

The wall-like structure on tbe inner sides of atolls 
and barrier-reefs-the l;a.son or ring-like shape of the 
marginal and central reefs in tbe l\[aldiv;J. atolls-the 
'lIl ion of some atolls as if by a ribbon-the apparent 
-disseverment of olhers-the ordinary outline of groups 
-of atolls and their forms-are all thus explained. We 
thus understand the occurrence in both atolls and 
barrier-reefs of portions, or of the whole, in a. dead and 
IlUbmerged condition, though !\till retaining the outline 
of a living reef. The e:dsLence of breaches through 
barrier-reefl! in front of valleys, though separated from 
them by wide spaees of deep water, can be similarly 
el:plaincd. It confirms our theory that we find the 
two kinds of recfs formed through subsidence generally 
si~uated ncar each other and at a distance from the spaces 
where fringingMreefs abound. On searching for other 
(lvidcncc of the mo\·cments assumed by the theory, 
we find marks of change in atolls and in barrier-reefs, 
and of subterranean disturbances beneath them; but 
from the nature of things, it is scarcely possible to 
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find direct. proof", of subsidencc, althongh !:IOmc appear_ 
ances arc !'trongly in fa\'our of it. On the fringed 
C038ts, however, the frequent. presence of upraised 
marine rem:Lins belonging to a recent. epoch, plainly 
~hOW8 that th(,~c coa..qt,s have been lately elevated . 

Finally, when tbe tlVO great types of structnre, 
namely barricr-r~fs and ntoll.; on the one hand, 
nnd fringing-reef~ on the other, arc laid down on a 
map, they offer a grand and harmonious pichuc of 
the movements which the cru~t of the earth has 
undergone within a late period. We there see vast 
areas rising, with volcanic matter el'ery now and then 
bur::lting forth . We see other wide 1lp.1.ees sinking with
out any \'olcanic outbursts; and we may feel slIre that 
th e movement has been so slow as to ha\'(~ allowed the 
C(lrnls to (.,'TOW up to the surface, nnd 80 widely extended 
ns to have buried over the broad face of the ocean 
everyone of those mountains, abo\'e which the atol~ 
now stand like monuments, marking the place of their 
burial. 

o 
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APPENDIX· , 
COI<T;U!I'INO 

,\ DETAJI.ED DESCRIPTIO!' OF TDl:: REEFS Ao"D ISLA~ms 
I N THE COLOt:RED !.\l,\P, PU.TIC Ill. 

Is the beginning of the If\li,t cllapter 1 stated the prineiples all 
,vhich the mal' has been colourt'd. There only remains to be 
!laid, that it is Ull exact copy of one by M. C. Gressicr, pub
lished by the DepOt Genrral do III Marino, in 1885. The 
Mmcs have been ultered iuto English, nnd tho longitude has 
been reduced. to that of Greenwicll. The colours werc first. 
laid down on llCCUJ1Ltc chart-'\., on a large lICIlle. The dat.'!, on 
which the volcanoe historically known to have been in nction, 
ltave been marked with vermilion, were given in a note to the 
IRlit chapter. I will OOnll11CnCe my description 011 the e.'l.sterll 
side of the map, and wi]( describe each group of islands con
r;ecutiveiy, pnx:ceding \\'cslwArd :lcrou tho Pacific and Indinn 
Oceans, and ending with tIle West Indies. 

The WE..ST£RN 5UOl{1::S OF AliIW1CA appear to be entirely 
without ooral-~rs : south of the equlltor the lIurvey of the 
Bttlgle, and north of it the published chartll show tbat this il 
the CIIIK'. Even in the Bay of Panama, where corals flourish, 
there are no true coml-rC'Cfs, as r llavo been infonned by 
Mr. L loyd . T here nre no coral-rC'cfs in the Galapagos t\rchi
pelago, as I know from personal in9~tion; aud I ~Iie\'~ 

there are none on the COCOI, llevilla-gigtilo, lIud other neigh
bouring wand!.'. Clipptrloll rock, 100 N., I O~ W., from II. 

drawing appended to II )15. plan in the AdlUinilty, doe.o nO\ 
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appear to be all atoll, but Sir E. Belcher (Voyage roun(llhe 
World, vol. i. 1848, p. 255) spenks of it as of ooral·forma· 
fion, with deep water within thll lagoon; It!ft uncoloured. 
The e..'U!tern part of tile Pacific presents an enonnoUll area 
without any isJands, exccp~ Easter and GOlJle~, which do not 
appc.'I.r to be surrounded by reefs. 

THI;: Low 01: PAUlIOTU AltCIlIPELAGO._This group consists 
of about 80 atolls: it would be quite superfluous to ""fer to 

deacriptioos of e.'"Ich. [n D'Un'ilie lind Lottin's clmrt, onc 
isL1nd (TVolchond:!I) is written with n capital letter, signifying, 
:IS explained in a former chapt<lr, thnt it is 3 high island; but 
this must he a mistake, as the original cb:lrt by Bellinghausen 
shows that it is a truo :10011. Ctlptaill Beecher .mys of the 32 
groups whicb he examined (of the greater number of which [ 
have soon beautiful i\lS. chnrts in the Admiralty), that 29 
now contain lagoons, and he believes the othcrthrco originally 
did so. BelJinghaulICn (sec an MCOuut of this Russian voyagt', 
in the Biblioth. des Voyagcs, 18~3<I, p. 448) says that tho 17 
islands which ho discovered resembled cadI other in etruetllrc, 
and he has given charts on a large 8C:Ile of all of them. Kot_ 
~buc has given planl! of fIOvl!ral; Cook lind Bilgil mention 
others; a few were seen during the voyage of the Reagle; 
and notices of other atolls are sc."Ucred through !!everal pub
lications. The Actlton group in this archipelago has lately 
been discovored (Geograph. Journ, vol. ,·ii. n. 454) j it 
consist.!! of three small nnd low islets, one of which hns " 
lagoon. Another lagoon-i~land has been discovered (Naut. 
Mag. 1839, p. 770), in 220 4' $. and 1360 20' W. Dana, 
in his work on Cornls and Coral Islands, gives a. full 
llccount of thi!'. archipelago. 'l'oward~ the $.E . there nre 
!!Ollie islands (If II different nnturc: Elizabeth Island is 
described by Bcechey (p. 46, 4to. edit.) as fringed hy roofs, 
at the distance of between two :md thrcc hundred }'lUd.!!; 
coloured red. Pitcaim Island, in tile immediate neighbourhood, 
according to the same tmth')rity, has no reefs of any kind 
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although numerous pieces of coral arc thrown up on the beach i 
the sea close to its shore i~ very deep (8(le Zool. of Bet!chey's 
Voyage, p. 164) i left uncoloured. Gambier 18l:ul(i8 (!!ee Plate L 
fig. 8) are encircled by n barrier-reef: t.he greatc~t depth 
within is 38 fathoms; coloured pule blue. M(t;(I or AU/'ora 
h.l:md Ji<:s N.E. of Tahiti, close to the large "paCC coloured 
dnrk blue in the map j it 1m:; been already def<CTibed lUI an 
llprai6t!d Moll j as it ill said by Captuin Wilkes (Nal'rfllive of 
U. S. E;"I)loring Expedition, \'01. i. p. 33i ) to be Sllrrounded 
by fringing-recf~, ill one part 500 feet in width, it Imll been 
coloured red. BIi~ I mmt remind the render of the di!<Cussion 
in the sixth chapler, showing that if :.n upraised moll were to 
!';ubside agnin, the reef would probnbly rctain for :1 long time 
or tor ever, its fringing character,olVing to tho steepnCM of 
the submarino (lankl'. 

Tho SociETY AUCtnPUAGO i:; separated by a narrow space 
from thc Low Archipelago j and ill thoir parallrl direction tllf'Y 
manii~t BOllle rdation to c(lcli other. 1 have alreauy dcscribcJ 

,tho gt:neml c11(ll'flCIAa of the reefs of these encirdt!d islands. 
In tho atlas of tho Ooquille" Voyage Ihcre is n good general 
chan of the group, and IICparakl plaus of som~ of tbe i~lanus. 
1'lll4ili, tho hlrgest i~land in tho groul), ill almo~t l<ulroundcd, 
:18 ",-~n in Cook's chart, by !l. reef from half a mile to a mile 
:tnJ n hnlf frow the .;lIore, wilh from 10 to 30 fathoms within 
i~. Some l:onsiuerable snhmergeu rcelll, lying parallel to the 
~hore, with n hrood and dcep 1Ip.1.ce within, h:l\'e latcly bt'en 
discovered 011 the N.E. COII.<;t of the i~(lnd, (Xaut. M:lg. 1836. 
p. 26·1,) where none are laid down by Cook. At Eimeo the 
reef, ' which like n ring SIITrounus it, is ill somc places onl) or 
two Illiles dist;mt from Ille shor~, in oUlers 'Illitcd to the 
beach' (Ellis, Polynesian HCSCllrchCfj, \'01. i. p. 18, 12mo. 
l..Jit.). Cook found deep walCr (20 filthonls) in some of the 
harbours within t11c reef. Mr. CoUtllOUY, however, states 
(Remnrkl!, p. 45) that both nl Tllhiti :Ind Eilllco, tllO ~p.'lOO 

betwe(!n the b:lrrier-reel and the shore has been almost fillcd 
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up,_'a nt"arly continuuus fringing· rl'ef surrounding: tile island, 
:Uld "aryirg frem a {cw ),ards to ruther lIIore dian a mile ill 
width, the lagoons lIlerely forming canals betwcen Ihis and 
tIle scu-rl!t:f,' that ill tho barrier-reef. 1"upumunoo is ~lIr-

101luded by II red at a considcrnblc di~tnnce from the slJOre ; 
from tile island LeiDg 'mail, it is breached, as I mil informed 
by tLe Rev. W. Elli~, olily by /I. nllrrowand crooked boot
o;hunncl. Thi~ ill the lowest i~l:lUd in the groul', irs. height 
probably n(·t exceeding UOO fcct. A liltle way north of Tah iti, 
the low coral islets of Telllrf)(l lire siulIltro; from the descrip
tioll of them ghell me by the Hc'". J. Williams (the author of 
tl,e N~rrnth'e of Miilllionury I':nlerprisc), I llhould lm\"e thought 
that tlHq iormed a small atoll, and likewise from the <'Iescrip
tion gi\'cn by tho Be\", D, Ty('nnnn lind G, Benllett (Jolirn. of 
Voy, Olld ~'ra\"el~, \"01. i, p. 18:1), who lilly that tell low coral 
iBl('t~ 'arc eomptehenoed within out! general r€€f, ulld s('pu
rated froUl e;"wh OIlier by interj:lccnt lagoons;' but as ~fr, 
Rtll\cilbuTY (West of England JOllrnul, YO!. i, p. 51) descriheb 
it (11; cOII~ibtjl1g of fI nlere lHU"TOW ridg .. , f haye left it un" 
coloureu, J/uiteu, eastwurd of! he group, is d:lssed hy For~ter 
as II Iligh tncirek'<l. island; hilt from the account given hy 
the i{CY. D. Tyrrman and G, Benllett (\'01. i. p. 57) it 
appeurs to be nn exceedingly ahrupt conI:' rising from tIle sen. 
without !lily reef; lefl IIllcolour('<;1. It ..... ould be superl:luou~ 
to describe Ihe northern islands in this group, U!I thl:'y may be 
weI! !'Cen in the chart acoollIpallying the 410. ediTion of Cook's 
YOyll~, find in the atlas of the CO'1uill~" Voyage. ]lov,'uo 
is tlJl' only one (,f the m'rthefll i~lalidJi in which the water 
within the reef is not deep, being only Jt flltilollls; but the 
great width of the reef, l'tf('tchinf! thr!'c mile~ aud a half south
vmrd of the Inno (whidl is repT('Sf"ntl-d ill th!' drawing in the 
ntlal:\ of the CO'l"ilf~'8 Vopge Ai! dl'!<Ccnding abruptly to the 
water), ~how~, on thc principle ('-"plaincd in tile lX'gilll.ing of 
the Ia;:t c1wpter, thM it belongs to the barrier cia!!.'!. 1 may 
here nWlltion, from information communicated to me hy the 
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Hev. W. EUi", tlmt Oli ~h(l N.E. side of lIuaheille there i~ a 
bank of @nnd, lIbout a qU<lrt~r of a mile widt', extending 
IlilraJJd TO the ~hore, and sepnrated lrom it by an extensive 
and deep lagoon : tld~ hank of ",jIld rests on coral-rock, whieh 
undoubtedly WtUj ollce a liviug reef. No:-th of Bolabola 
lies the atoll of 1'oIlJ)ai (Mot{lu-iti of t ilo Coqll.itle'a atla~), 

which is (:olou~ dark blue; all The islands which are sur
rounded by b:m'jCI"-rccfs are coloured pAlo blue: three of 
them lire rcpresclltt-U in figures 3, ·1, and 5, in Plate 1. There 
:Ire Three low cor.al-groups lying a link! W. of lile Swiety 
Archipel:lgQ, (IUd almo:st lorming p:lTt of it, namdy, Bellill!!
"alUtl" which is 8.'1id by Kotzebue (Second Voyage, \'01. ii. p. 
2;:15) to he 11 b~ool\-island; Mopeha, which from Cook's descrip
tion (Second Voyage, book iii. chap. i,) 110 doubt ill !m atoll; 
and tilt. Scitly hilInd;., which aro $lid by Wallis (Voyage, 
chap. ix.) to lorru a group of low illlet.~ and ijvoals, and which, 
tiler'efore, probably compose an !\toll: thtl two former klve 
been colour~d blu(', but not Ihe liLtre~ , 

MhNU,INA on MAllQUES,IS GRotJI'.-Thei<o isbml~ IIro aim()i;t 
entirely destitnte of redil, HS mny bo seen in Krusenstern's 
Atla~, making a rClUarkable OOllU'1lst with the adjaC<!nt group 
of tho Society'6 J ~1:lIlds. Mr. F . 1). BeDllett h:lS given some 
nccount of this group, illlhc seventh volume of the Gcogmph . 
• Jouw. Ho informs me that nil tho i~hmds ha\'e the !!lime 
gen('rnl e11aracter, and that the water is very deep close to 
their "hores. He visited three 01' diem, namdy, Domillicana, 
ClwisliwlO, nnd RoaPOCI, theil' belLches arc strewed with 
rcunded Ulll~'C8 of cornl, aud although no regula.r reefs exi6t, 
}'et the ~hcro j~ in many places lined by coral rock, SO that 11. 

bOll[ sronnds 011 thiij formatio,n. Hence the!;() isllHlds ought 
perh<lps \.() COIllO within the c1aSil of fringed is/:mds IlUd be 
COIOllred rt"d; but :~s I am determined to err on the cautious 

~ide, 1 havo left thl"U1 llncolourcd. Dana infeI1J (Cor:~ls and 

Coral 1I;13nd~. p. 8t5), from tlleir stccpnC88 and deeply in
dented otltlinl', that they ha"e subsided!" 
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COOl;: OR HARVEY A~D AI;STRAL ISLA~Ds._Palm(;·ston Island 
is minutely described as an atoll by Captain Cook dlu'ing his 
YOyllge iiI li74; it is coloured blue. Ai/utaki Wa.B part.ially 
surveyed by the Bea.1le (see map accompanying Vopges of 
Adventure and Beagle); the land is hilly, sloping gently to the 
beacl}; the highest point is 3(;0 feet; on the 80utllern side, 
the reef projects five miles from tIle land: off this point the 
Beagle found no bottom witll 2iO fathoms: the reef is ~"llr
mounted hy many low coral· islets. I am informed by the 
Rcv. J. 'Williams, that within the red the water is exceed
ingly shallow, J)(lt being more than a few feet dccp; nevcr
theless, from the great extension of the reef into a profoundly 
decp ocean, this island probably belongs, on thc principle 
lately advcrted to, to the barrier class, aud I have colOllred it 
pale blue, although with tllUch hesitation.- Mmwuai or Harvcy 
Island: the highest point is abom ;)0 fcet: the Rev. J. Wil
liams infOl"lllS me that althollgll the rcef lies far from the !illore, 
it is lcss distant tlJan at Aitutaki, but the water within the reef 
is rathel' del'pcr: I havc likewise coloured tllis island pale 
blue, but with many dOllbts.-Round .1litim·o hland, as I am 
informed by 1\Ir. Williams, the reef i~ attaelled to the shore; 
coloured rcd.--Jlavki, or ]\Iaouti: the reef r01lnd this island 
(under the name of Pa.rry Tsland in the Voyage of n . .\l.S. 
Blonde, p. 20fl) is described as a coral flat, oilly 50 yards 
wide, and two feet under water. This statement has been 
corrohorated by I\1r. 'Villiarus, who calls the reef attached; 
coloured red.-Aliu, or "'ateoo: 11 moderately elen.ted, hilly 
j~land, like the ot11er~ of the group; the reef i~ described in 
Cook's Voyage as attached to the shore, and ahout 100 yards 
wide; c()loured red.- Fenoua-iti; Cook describes tbis island as 
ycry low, IlOt more than 8ix or Beven feet in height (yo1. i. 
hook ii. chap. iii. 1 iii); in the chart published ill the Co
quille'8 atlas, a recfis engmved close to thc shore: this island 
is not mcntioncd in th;· li~t given by Mr. Williams (p. 16) in 
the Narrlltive of .iHissionary Entcrprise ; nature doubtful; but 
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Ill! it lieJ! I!O ncar Atiu, it IIR8 been una\'oidably coloured red.
Rat'f>tongu: MI'. Willillnls infornls mc that this is (I lofty 
btu>.11tic i~land, II'ith an attached retof; coloured red.-'l'here flro 
three other il!lanth<, Rout'()IIli, Roxfmrgll, and l1llil, of which I 
},ave not been able to ohtain any !lecount, nnd Illwe left them 
uncoloured. iIl.llllsland, in the French chart, i.l!l writt()n with 

8malllette~ as being !ow.-MaIl9uia: lleigllt about 300 f~t; 
'the gnrrounding reef j(')inll the shore 1 (U'illiams's K IIrrative, 

p. 18); coloured nil._Rime/w·a: Mr. Willinilla informs mo 
that the reef ill mther clolle to the ;:llorc; hut, from illforlllu· 

tion givcn me by .Mr. EIliIS, tilC reef docs not .appellt' to be 
quire 110 closcly att."1ched to it ftlI in the foregoing CHSeS: thc 
island u. about 800 feet high (~ant. )fag. 1889, p.738); 
coloured red._Rllrutll: :\lr. Williams find :'111'. Ellis inform 
mo tlmt this island has an attached reef; ooltlured red. It is 

doscribed by Cook undcr the namc of Ohoteron: he says it is 
not surrOlmded like the neighbouring i~lands, by n reef; but he 
must menn a distant rcef.-TOllhOl.lai: in Cook's ch:lrt(Sccond 
Voyage, " 01. ii. p. 2) tho reef is laid down in a pnrt at the dis
tance of one mile, and in another part at the di!;tance of two 
milC1!l from the shore; Mr. Ellis (Polynoll. He~. \'01. iii. p. 381) 
S,1}'l' the low land round rhe base of theisl:llld ia vory extensive; 
nnd lhi~ gentlcman infonnll mc that tho wilwr within tI,e 

roof appears deep; colollred bille.-Rait·ait:ai, or V i,·it."1o: 
Mr. Williaws informs lIle that the reol' i:i here dillw,nt from 
Ihe abore; Mr. Ellis, however, says that fhill i~ certainly 
not the CIl3C 00 one side of the island; and ho believes that 
the water within the reef ill not deep; hence [ have left it 
unoolourcd.-,T;anca$ltr Reef, described in Kll ll t. Mag. 1833 

(p. 6!J8), as an extelU!ive crescont·formed coral·red, ha~ not 
been coJoured.- RaJW, or 0pllrroo: from the Hccount"j givcn 
of it by Ellis and Vanoou\'('r, tllCre docs llot IIppNIr to bc 

any reef - I. de Ba,. is an adjoining island, of which I can· 
not find Rny 3cconnt.-Knllin bland: KrtlJlC.IlJ:ltcrn e('CffiS hardly 
to know its position, and gives no further particulars. 
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IsL ... ,ms B~:TW[EN (lu; uno and Gilbert Arcl/ljMl«90tB. 

Caroline l61nnd (l0" S., 150" W.) is described by :Mr. F. D. 
Bennett. (Gcogrnph. Journ. vol. vii. p. 225) as OOIlt.1ioing a fine 
lagcOIl; coloured blue. W (lstward of Caroline Island, a ~man 
lagoo!l-i~lan(l is dC!lCribild in the U. S. Exploring Expedition 
in lat. 10" S. and 1(;2" 22' W. long.; coloured bluc.-Plill! 
hland (11 0 S., 151 0 W.): KrlUlCustern believes that it is the 

!!alne witl. Peregrillo, which i~ described by Quiros (Rurney'''' 
Chron. Uist. vol. ii. p. 283) as • a clu.ster of sllIall islands 
conu~tcd by;\ recl; and forming 11 lagoon in tho middle; , 
coloured bluc.-IVo$IOCk is an island a little more than Imlf a 
mile iu oiamcter,:mdapp:trently <Juite fb~and low, dil!Covcroo 
hy Bclliughnuwllj it is silm'tOO a little wCl>tof Caroli'1Cl Isbnd, 
hilt i~ is not placed on th(l French chart!; I have notcolouroo 
it, althol,gb 1 entertain little doubt from the churt of BeH. 
inghauscll, that it originally contained a ~ma1[ ItlgOOtl.-Pcu_ 
f'h!/II lahmd ('J0 S., 1580 W.): a plan in the atlas of the Finlt 
VOY:lgC of Kotzebue, shows that it is an atoll, wllich uc(;ord
ing to Wilke>! (U. S. Exploring Expeditiou, vol. iv. I). 277) is 
nine miles iu length; (.'oloured bluc.-Sl(.ll·bllct bland (50 S., 
1560 W.) is dCl!Cribw in Byron's Voyage in Ihe Blonde 
(p.206) as formed of a flat coral-rock, with IlO Irees; the 
height not gi \'en ; Ilot colourcd._.lfuldenbland ('lO S., 1540 
W.) .. in the ~'l.me Voynge (p. 205) this island iSl!Uid to be of 
coml format-ion, and no part aOO"6 40 f('et high; I hll\'c not 
, 'cnture<! to oolour it, although from being of coral formation, 
it is prob:,bly fringed; in which c.'U'e it should be rcd.
.Jarvis, or Bll7lker Island (00 20' S., 1600 W .) is describe« by 
1\[r. F. D. Bennett (Geograph. Journ. "01. vii. p. 227) a~ a 
mHrow, low strip of coral formation j not colourd.-B,·ook ill 
a ~mall, low island betwecn the two latter; it.t! position, nnd 
perhaps even existence ill doubtful; not coloured.-J>escl/do 
and /lump/u-'!J lslands: I can find out nothing nbout these 
island~ except that tbe laucr appeanl to be !uMII and low; 
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not ooloured.-Rtarson, or Grand Duke Aleltander's(10° S .• 
1610 W.): an atoll, of which n plnn i8 given by Bellin£\"
hallllCn; blue.-Souooroff Islands (18° S, 168° W.): Ad
mimI KrU!!enstcm, in the lllost obliging manner, obtained for 
me an account of the lle iqlands from Admiral L!l:o:areff, who 
di~overcd tllem. They consist of fi,'e very low islands or 
coral fomlRtion, two of Wllich are connected by a reef, with 
deep water clolle to it. They do not fmrround II. lagoon, bllt 
arc so placed that a linn drn.wll tJlrough tl1em includes an OY81 
spnee, part of which is ,,-hallow; these islet.6, tllerefore, probably 
(lnce (as is the C<"UiC witll IKIme of the i!llnnds in the Caroline 
Archipelago) formed a single nwll; but 1 have not coloured them. 
-Danger Islllnd (10° S., HiGo 'V.): de~cribed 1Ilii0w by Com
modore Byron, and more lately surveyed by Bellinghall!ICn; it 
i~ D. 8mall atoll with three islets on it i blllc.-Clartnct Island 
(0° S., 172° W.): discovered in tIle Pandora (G.lInmilton 's 
Voyage, p. 75 ) : it i8 8:J.id, 'In running n.long the l:md, we saw 
IICveraJ canoes ern~sing tIle lagoQlu;' U~ this is.\:lIld is in the 
close yicinity of other low islands, aud flS it id 6.'\id that tho 
nativell makfl reservoirs of water in old cocoa-nut trees (which 
shows tho natllre of tho land), I have no doubt it is nn atoll, 
and have coloured it bluc.-Yorl: bland (8° S., 1720 W. ) is 
described by Commodore Byron (chap. x. of hi, Voyage) liS 

nn atoll; blue.-Sydntylshmd (4° S., 1720 W.) is about thr('C 
miles in diameter, with its interior occupied by alagoon (Captain 
'i'romelin, Annal. Marit. 1829, p. 2G7); coloured bluo.-Hull 
lslnnd is lIituated 60 miles to the west of Sydney bland, nnd 
is dCl'Cribed by Wilkes (U. S. Exploring Expedition, "01. iii., p. 
360)11.8 a lagoon-island; oolo11red blue.-Phrenix hland (4° S., 
17P ·W.) is nearly circulnr, low, snndy, not Illore than two 
miletl in diameter, aud very steep Olltflide (Tromelin Annal. 
Marit. 1820, p. t97): it may be inferred that this ishnd 
originally contained a lagoon, but r have not eolonred it.
Nt1/) }{anlucket (0° 15' N., 174° W.): from tho French cklrt 
it must be n low ieland; I ~n find nothillg wore abom it, or 
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about Mary Milnd ; both unooloured.-Gal·dlltr Island (5" b., 
174" W.), from ils po..ition, is certainly the sam.;! aa Ktmi,~ 
l ~la.nd, :lnd is described (Krusensrom, p. 435. Appell. to ){em. 
published 1827) as hll.ving a lagoon in itsC(lntre i coloured blue. 

ISLANDS SOUTH oj tile SU11dwich Arcllipdago. 

Cllr£$tlllaB Islnnd (2" N., 1570 W.): Captain Cook, in his 
'l'hird Voyage (vol. ii. chap. :1:.), has given a detailed account 
of this atoll. 'I'he breudth of tho ialets on the rcof i8 un
usually great, and tho sea ncar it doca not deepen so suddenly 
as is generally the case. It has mol'll lately been visited by 
Mr. F. D. Bennett (Geogrnph. Journ. vol. vii. p. 22G); and 
he a,,;surcs me thnt it is low :lnd of cor .. 1 formation: 1 par
ticularly mention this, because it is +:lngrand with a capital 
leltcr, signifying a high island, in D'Urville and Lottin's chart. 
Mr. CoutllOllY, alllO, Ims given sowe account of it (RI:marks, 
p. 1G) from the Hawaiian Spectator; he believes it h!l~ lately 
undergone n small elevation, but hia el·idence does not appoor 
to me aatisfacwry; tho deepest p,ut of tile lagoon is said to 
be only ten f~t; llovertlleles.s, I havo coloured it blue.-Fall
m'lIfJ Island (4" N., 158" W.), according to Captain Tromelill, 
(Ann. Maritim. 1829, p. 283), is nn atoll: his account, 118 

ub!lCI'ved by Krwenstcrn, differs from that givell in :Fallning's 
Voyage (p. 224), which, however, ill t:'lr from clear; coloured 
blue.-Wa"hil1gton :Wand (40 N., 1590 W.) i9 ('ngrnved as a 
low island in D'Urville's chart, but is dCllCribed by Fanning 
(p.22G) as having a much greutcr clevation than Fanning 
Iskmd, and hence I presume it is not an atoll; Dot coloured.
Palmyra Island (6" N., 1620 W.) is an atoll divided into twO 
parts (Krusenlltcrn'iI Mem. Supp!. p. 50, also Fanning's 
Voyage, p. 233); bJue.-Smytfl'8, or Johnston's Islands (170 

N., 170" W.): Captain Smyth, R.N., has had tho kindn<!N to 
inform me that they consist of two very low small islands. 
with a dangerous reef off tile eas~ end of them; Caproin 
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Smyth docs not recollect whether these islets, toge~her with 
the recf, surrounded a lagoou j uncoloured . 

$,,"IlWICII AnClllrEUGo.- lluwaii." in the chart in F rey
cinet's Atlns, small portions of tile <:OIIst nre fringed by roofs j 

and in the accompanying Hydrog. Memoir, reefs are wt!ntioned 
in !'C\'€ral pIRCe~, and thn ('oral iA SiLid to injure tile cables; but 
Danl\ saw hardly any reefs here. On one side of the islet of 
Kohaihai there is a bank or sand and coral witll five feet 
of wnter on it, running paralld to the shore, and leaving a 
ehtlllne[ of about fifteen feet deep within, I ilave coloured 
thi~ ishlllu red, but it i ~ ,·ery llluch less perfectly fringed thau 
others of the group.- J /,wi ." in P reyeinet's ch:ut of the 
anchoruge of Raheina, two or throo miles of coast arc !«len to 
he fringed; and in the llydrog. ::'.fcmoir 'banks of coral 
along shore' lire spoken of. Mr. F . D. Bennett informs mo 
that the reefs, on an n'l"crage, extend nbout a quarter of 11 

mile from the beach; tIle lllnd is not very 5~p, and O\\t

side the re(>fa the SCI1 does not become suddeuly deep; 
coloured red .-.ilfo,·%i, I prellumo, is fringed: Freycinet 
speaks of tho breakers extending along the shore at a little 
distance (rom it. From tho chart, I believe it is fringed; 
coloured red.-Oallu: Freycincl, in his Hydrog. Memoir, 
mentions some reef>!. :Mr. F. D. Bennett informs me that 
the shore is skirted for forty or fifty miles in length. There 
is even a. harbour for ships formed by the reefs, but it is at 
the mouth of a ,'alley j rcd.-At~i, in La Peyrousc's charta, 
is represented as fri nged by a reef, in tbe I!D. mc manner as 
Oahu and Moroooi j and tbis, r am informed 8y Mr. Ellis, 
i~ of coral·formation on part at ICllSt of the sbore: the 
reef dOt!s not leave a deep channel within; red.- Oncehow." 
Mr. Ellis believes that this islllnd is nlso fringed by n coral
reef : consi(!ering its close prox:imity to tl10 otller isla.nds, I 
have ventured to colour it ret!. I llnve in vain consulted the 
works of Cook, Vancouver, La Pcyrousc, and LiJriansky, for 
any satisfactory account of the small islands and reefs which 
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lie 5Ctlttered in a K.W. line prolonged tor agreat di.stancc from 
the S.'tldwicil group, nnd hence h~lve len them uncoloured, 
witl! one exccption; fl'l" I am indebted to Mr. F. D. Rennett 
for informing me of an atoll-formed reef, in lat. 28 0 22', 
long. 1 i 8° 30' \Y., on which the Gled8tanes was wreckcd ill 
183i. It is appareutly of Lltge si7.e, and extendg in a N.\Y. 
and S.E. line: \'f~ry few islets havc been fonned on it. 'rhe 
lagoon seems to be shallow; at lcust, the dccpellt plirt which 
W~U! snryeyed wa~ only tll1'ee fathoms. Mr. Comhouy (Re
marks, p. 38) describes this island lmder Ule name of Ocean 
hland. Cou"id('rable douhts Rhould be entertained regarding 
the nature of a reef of tllis killd, with a \'ery 81,allow lagoon, 
and st:mding far from nny other atoll, on account of the po!'iSi
bility of a crater or flat bank of rock lying at thc proper depth 
hcn<.>ath the surface of the water, ha\'ing afforded a founda 
tion for a ring-formed cOI'i\I-reef. I h:l\'e, howe\'er, thought 
myself compelled, from it» lnrge size and symmetrical outline, 
to colour it blue. 8()me informntion and references nre 
given 1,y Dana (Cornls and Coral Islauds, p. 324-, 3D5) with 
I'CSpc<:t to the reefs and isletA cxtending for 2,000 miles in a 
N.W. line from lIawaii. 

S,UIOA OR N.WIOATOR GROU1'.-Ko!.r.ebue, in his Second 
Voynge, contrasts these is1auds with many others in the 
Pacific, in not having harbours for ships, formed by distant 
corol-reefs. T he Rev. J. Williams, however, inform~ me 
that eoral-reef,; do occur in irregular patches 011 the "hores; 
but that they do not fonn a continuous hand, ~ round :-'f'lngnia, 
and other such perfect C:ISCS of fringed islands. From the charts 
accompanying La Peyrousc's Voyage, it appears that the north 
shore of Savaii, 11[aolOw, Oro&enga, lind Naml(/ are fringed by 
reef~. J.a Peyrouse, speaking of Maouna (p. 12D), says that 
the coral-reef surrounding its shores almost touches the 
beach, and ill breaclled in front of· the little coves and 
streams, forming pnssagcs for canoes, and prob .. l.blye\'en for 
boat!. Further on (p. 159) he extends tIle .e.nme obscn·ation 
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to all the islands which he visited.-Mr. WiUiams in his 
Narrative, speaks of a reef going round a IImall ishllld attached 
to Oyo/a.va, and returning again to it: all these islands have 
been coloured r<X1.-A char~ of Rose Island , at tlJ(l e.xtreme 
west end of the gronp, is gi\'en by Freycinct., from which I 
should have thought that it had been an atoll; but according 
to Mr. CQutllOuy (Rem(Lrks, p. 43) it consists of a reef, ouly a 
league in circuit, surmounted by a very few low islets: the 
lagoon is very shallow, and is strewed witll numerous largo 
bouldenl of volcanic rock. T his islnnd, therefore, probably 
consists of a bank of rock, a few teet submerged, with the 
outer margin fringed with reefil; hence it cannot bo properly 
cla~ with at()Jls, in wllich, as we have re.1.son to believe, the 
foundations always lie at a depth greater than tllat at which 
Iht! reet-constructing polypifcrs can li,'e; not coloured. 

Beu,.idge Hoof, 20° S., 1670 W., is described in the Naul: 
Mag. (May 1833, p. 442) l\.lI ten miles long in aN. and S. line, 
and cigllt wide; 'in the in~ido of the reef, thCl"(~ appears deep 
watcr;' there i~ a passage nC.'lr tile S.W. corner: this there-
10re seems to be a submerged atoll, Rnd is coloured blue. 

SutJagt I~lalld, 1f1° S.) 1700 W., IHls been described by Cook 
and Forster. 'l'he youngel' }'or~ter (vol. ii . p. 163) l'ays it 
is about 40 tet:t high: he lIU!!pects that it contains a low 
plain, which formerly was the lllgoon. 1'he Rev. J. Williams 
gives 100 feet as ib! height, anel he informs me that the reef 
fringing its shores, rCllctn.bles that round Mangaia; coloured 
,..." 

FIlIRNOLY ARCHlf>}: I.AOO.-Pyl.slaart Island: judging fTOm 
the chart in :Fr t>yeinet'e Atlas, ! should have supposed that ithad 
been regularly fringed; but :IS nothing iJ; said in the Hydrag. 
Memoir (or in tho Voyage of Tasman, tlle discoverer) about 
eoral . reef~, I kwe left it unooloured.-To7lgalabQu: in the 
atlas of the Voyagc of tIle /1 $l"Q/abt, the whole south side of 
the island is rcprcscllted :IS narrowly friuged by the smue reef 
which forms an extensivo pilltforlll on the northern side. The 

" 
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otigin of this latter reef, which might have been mistaken fOf 

:l barrier-reef, has alrendy ~n attempted to be explaiued. 
when giving the proor~ of the recent devation of this island. 
-In Cook's charts the little outlying islnnd of Eoaigee is 
represented as fringed; coloured red.-Eerna: I cannot make 
ont from Cal)tnin Cook's ellarts tuld descriptions, that this island 
has any reef, although the bottom of the neighbouring sea 
800ms to be covered with corals, and the island itself is formed 
of COl"'.II-rock. Forster, however, distinctly ( Observations, 
p. 14) classes it with tho high islands h:lving reeD!, but it 
cefUlinly is Dot cncircl«l by a b.1rricr-reef j and the younger 
Forster (Voyage, vol. i. p. 426) says, that' a bed of cornl 
rocks 8Ul'rounded the COMt towards the landing-place.' I 
have therefore clttssed it witll the fringed i!!lunds, and coloured 
it red. Dana alw shows (Corals and Coral IslflUds, p. 337) 
thllt most of the islands of this group are fonned of upraised 
coral-rock. The severa! islands lyillg N.W. of Tongatabou, 
namely Anamouku, Komango, KO/Oll, LeJOtlga, Foa, &c., aro 
seen in Captain Cook's chart to bo fringed by reefs, and several 
of them are connected together. From the various statements 
in the first volume of Cook's Third Voyage, and c9pecially 
in Chapters IV. and Vr., it !I)lpcars that these reefs lIre 

of coral, !Ind certainly do DOt belong to the barrier CM; 
coloured red.-Toujoa lind Kao, forming tIle western part of 
the group, according to Forster, have no recf~; the former 
is an active volcano._ Vat.-ao : thero is !I chart of this 
singularly-formed island, by Espinoza: according to Mr. 
Williams it consists of coral*rock: the Chevalier Dillon 
informs me tlmt it is not fringed; not eolollred. Nor nre 
the islands of Laue and Amargu"a coloured, for I have not 
!!Cen plans of them 011 a large !>c.-lie, lind I do not know whether 
they are fringed: Amargura is said (Athenmum, 184-8, p. 40) 
to Im,'e been lately ill violent eruption. 

Niouha,lGo S., li.J ° 'V., or Keppel Island of 'Vnllis, or 
C~8 Wand: from a view :md chart of this island, given in 
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W allis's Voyage, (4.to. edit.) it ie evidently c:ncircled by a 
reef; coloured blue. It is, however, remarkable that Bos
cawm. Island., immadiatdy adjoining, has no roof of any kind; 
uncoloured.. 

TVullislsland, 130 S., 1760 W.: a ehart and "iew of tlli s 
islfmd in Wal!iI:!'s Voyage (4.to. edit.) shows tlmt it is encircled. 
A view of it in tIle Naut. Mag. July 1833, p. 37G, shows tho 
!!lime f.1Ct. Nine islands, most of tllew high, arc snid in 
W ilkes U . S. Exploring Expedition (vol. ii. p. 157) to be 
enclosed within the s,1Dle reer, through which, it is asserted, 
sllips cnn enter; coloured blue. 

Alloufafou, or Horn Island, Onouaju, or Prob!} Island, 
:\nd HUlltl'r Islands, lie between Ihe Navigator and Fidji 
groups. I can lind no di~t.i net ZlcoounUi of them. 

FIDJI ot: FEEJn: on V ITI GllouP._ Until lately the best 
chart of the numerous islands of this group, \\'88 tlmt in 
tile Atlas of tIle Astrolabe's Voyage; but now the islands 
have been surveyed during the U. S. Exploring E;lI;pcdition, 
(md full information respecting tllem and the reef I; ha.s been 
given by Dana. Many of the islnnds are bold nnd mountain
ou.s, and arc surrounded by rcef~ lying iiiI' from the land, and 
outside the ocoon appears very cleep. The Astrolabe lIOunded 
with 90 fatliOIJJS in severa] plnccs about a mile from the reef~ 
and found no bottom. It is evident that the water wi thin 
many oCthe encircling reefs is doop: as indeed I was formerly 
Utiured was the c..'UIC by Dillon. Beyond tho high and en· 
circled islands there are Ilumerous atoU·formcd reefs. Heue» 
the whole group lUIS boon ooloured blue. In the S.E. part 
lies Balon, or Turtle Island of Cook (Second Voyage, vol. ii. 
p. 23, and chart; 410. edit.), surrounded by a coral-reef, 'wllich 
in some places e:tends two miles from the shore;' within the 
reef tlle water 1I1)pears to 00 deep, and outside it is unfathom
able; coloured p.lle blue. At tho distance of a few milO!!., 
Captain Cook (ibid. p. 24) found a circular cora}.·'I"ecr, four or 
five leagues in circuit, with deep water within; 'in short, 

.2 
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the bank wants only 1\ few litde islets to make it exactly like 
one of the half-drownoo iilles 6() often Illelltionoo,'- namely, 
atolls. South of Bat<n\ lies tIle high island of 0,10, which 
:~ppem'13 in Belliughauaen'a Atlas to be encircled; as do some 
other small iolands to the south; coloured pale blne: ncar 
Ono, there is an annular reef, quite similar to the one just 
described in the words of Capt.'lin Cook; coloured dark blue. 

Rotoumall, 130 S., 1790 E.-From the chart in Duperrey's 
.Atlas, I thought that this island was encircled, but the 
Che\'alier Dillon assures me that thc reef is only a shore or 
fringing one; coloured red. 

i ndepem/erlce 1IIland, 100 S., 1790 E., is described. by "Mr. G. 
Bennett (United Service Journ. 1881, part ii. !J. H17) as :\ 
lc.w island of coral formation; it is small, and does not 
appear to contain a lagoon, although all opening through 
the reef is referred to. A lagoon probab;y once existed, and 
has sioce been filled up; left uncoloured. 

ELLICE GROUl'.-Oscar, P eyster, and Ellice I~lands lIl'e 
ligured in Arrowsmit.h's Chart of the Pacific (corrected to 
1882) as atolls, and arc said to be very low; blue._.Nedel'_ 
lalldisch LJand: I am greatly indebted k> thekindnessof Admi
ml Knlscnstern, for sending me the origillal documents con
cerning this island. From tIle plans given by Callt.1ins Ecg 
and Khremtshenko, and from tIle deL1iIed account given by 
the fonner, it appears thilt it is \\ narrow coral-island, abollt 
two miles long, cont.'lining a amall Ingoon. 'fhe sen ill "cry 
d€(lp c1~ to the shore, which is fronted by sharp coral-rocks. 
Captain Eeg compares the lIlgoon with that of other coral
islands; and he distinctly BllyS, the land is 'very low.' 1 
ll!~ve therefore coloured it blue. Admiral Krusenstern 
(Memoir on the Pacific, Appeud. 1835) states that itll 
shores are 80 fee~ lligh; this probabl)"'arose from tho height 
of the cocoa_nut treea, wilh which it is covered, being 
millt."lken for land.-Grmld Cocal ill said in Kruscnskrn's 
Memoir to be low, and to be surrounded by a reef; it is 
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IIrnall, (lnd therefore probably oneo eontained a Ingoon i un
eoloured.-St. Al/gustin: from a ehart and view of it, 
given in the t\tlas of tho Coquille's Voyage, it appears 10 

he a small ntoll, with its Ingooll p.'\rt1y filled up; coloured 
blue. 

GILDERT GnOUl'._ The dliut of this group, gi .... en in the 
Atlas uf the Coquille's Voyage, sllOws that it is composed of 
ten well-c1lumcterized, but vcry irregularly sill"lpcd nOOlls. 
In D'Urville and Lottin's dUlTI, Sydenhalll is written with 
a capillillctt('r, signifying that it is high; but this certainly 
is llot Ihe case, for it is a perfectly chnrnc~rizcd atoll, and a 
sketch, ijhOwUlg how low it is, i" given in t.ho Coqtlille's _~tlas. 
Some narrow strip-like reefs project from tho southern side of 
Drummond atoll, and render it irregulnr. The southern island 
of the group is called C/lase (in some charts, Rotc/Its); of this 
I can find no account, but "'Ir. F. D. Bcnnctt diseoy(~red 
(Gcograph. Journ. vol. vii. p. 229) n low extensive island i!l 
nearly tho same latitude, about three dcgrcea westward of tJ\O 
longitude assigned to Hotehell i and this probably is the lIame 
island. 1.k Bennet.t informs me that tIle man at the mnst_ 
he.'\d reported. 1111 appearance of Ingoon-water in tho centre; 
and, therefore, considering its position, I have coloured it blue. 
-Pitt bland, !It the extreme northenl point of lhe group, is 
left. uncoloured, :IS neither its (lxact position or nature is 
kuown.- Byror.lslalld, which liea;1 little to the ca.stwnrd, doe.~ 
not appear to have been visited sinco Commodore Byron's 
Voyage, nnd it was tben seen only from a dist.'\ncc of ] 8 
miles; it is ~aid to be low; uncoloured. 

Ocean, Pleasant, and Atlanlic Islands all lie considerably 
to the wost of the Gilhert group: I havo been unable to find 
any distinct account of them. Oec:m Island is written wi th 
smalllcUcrs in the French cllnrt, bllt in Krllscnstem'll Memoir 
it is Mid to be high. 

MARSRAI.L Gltour.-Vve aro well acquainted with tllis 

group from tho excellent charts of the f!epnrato islands, made 
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during the two voyages of Kotzebue : a reduced one of tlle 
whole group lDlly be seen in Krllilenstern's ALIas. and in 
Kot.?.ebue's Second Voyage. Thc group consists(with tho ex
ception of two little islll.nds which probably have had their 
lagoon filled up) of a double row of 2.'J lUrg\1 and well-charM
tcri7.ed atolls, from the c.'(amimLtion of which Chamioo drew 
up his well-known account of coral formations. 1 include in 
this group Ga$par-RiUl, or Cornwallis Island, which is de
IICl' ibed by Chamisso (Kotzebue's First Voyage, vol. iii. p. 179) 
• as a low sickle-formed group, with mould only on the wind
ward side.' Gaspard Island is considered by some geographers 
as a distinct islund lying N.E. of the group, but it is not en
tered in the chart by Kru\l(!llstern; left unool0Ul'00. In the 
S.W. part of this group lies Baring Island, of wllich little is 
known (see Kru8E!nswrn's Appendix, 1835, p. 140). I have 
left it uncolourcd; but BOS/Oll bland I have cQloured blue, as 
it is described (ibid.) as oon,o.isting of 14. small islands, which, 
no doubt, inclose a lagoon, as represented in flo chart in the 
Coquille's Atlas._Two islands, Au)' Kawen and Gaspar Rico, 
arc written in tIle .Frencll chart with capital letters ; but this 
is an eITOr, lor from the account givcu by Chnmisso in Kotze
bue's F irst Voyage, they arc cerbinly low. The nature, posi
tion, and even e:<i~tencc, of the shoals and small i~bndl! north 
of the MarsllnU group are doubtfuL 

NEW Ht:IlHIDJo.:s.- Any cllUrt, on even a ~mall sen.le, of these 
islands will .allOW that tlleir .allOres arc almost wi~hout reefs, 
prcsonting n. remRrknble conU'.'1.st with tllOse of New Cnledonia 
on tllC oue hand, and tIle Fldji group on the other. Never
theless, I have been :l.!!Sured by MI'. G. Bennett, that coral 
growl! vigorously on their .alwres; as, indeed, will bo fu r ther 
shown in some of the following notices. As, therefore, these 
islands are not encircled, find as eO!'l\l grows vigorously on their 
sllOrcs, we might almost conclude, without further evidence, 
that they" are fringed, and hence 1 ha.ve applied. the red colour 
with rnthergrc.'I.oor freedom thaD in otherinsmnees.-MaUhtw's 
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Rook, an nctive volcano, someway south of the group (of which 
u pinn is given in AtIas of the A8t,oolabe'8 Voyage) does not 
IIppear to have reefs of any kind about it.- Anna/o1ll, the 
southernmost of the Hebrides: from fI, rough woodeut given 
in the Un.irod Service J ournal (1831, part iii. p. 190), accom
panying II paper by Mr. Bennett, it app~ars that the shore is 
fringed; coloured rcd.-l'amw: Forsror, in his Observations 
(p. 22), MyS 'I'anna J1M on its shores coral-rock and madre
pores; and tllO younger Forsror, in his account ("01. ii. p. 269), 
spooking of the harbour, I!;"lys tho whnle S.E. side consists of 
coral.roo·fs, which arc overfiowed at high water: part of the 
southern shore in Cook's ehnrt is represcllled as frioged; 
coloured rcd.-lmmer is described (United Service Journ. 
1831, pnrt iii. p. 192) by Mr. Rennett al'! being of modcl7ltc 

olevatioll, with cliff's appc:II'ing like Mlld~tone: coral grows in 
patches on its shore, but I Ilave not coloured it; and I melltion 
these facts bcca.use Immel' might In\\'e boon thought, from 
Forster's classification (Observutions, p. 14), to have boon a 
low island, or even an atoll.-EI'I·omango Island: Cook (Second 
Voyage, vol. ii. p. 45, 4to. edit.) spe:"lks of rocks e\·erywhere 
linill{J tile const, and the natives offered to haul his boat o,'er the 
breakers to tho sandy beadl: Mr. Bennett, in n letter to tlle 
editor of the Singapor~ Cbron., alludes to the rUf8 on its MOres. 
It may, I think, be Mfely inferred from thellC passages that tIle 
shore is fringed in parts by coral-roofs; coloured red.-Sand
wich Wand: the east coast is Mid (Cook',; Second Voyage, 
vol. ii. p. 41) to bo low, and to be guarded by a chain of breakers. 
I n U10 accomp:mying chart it is seen to be fringed by a reef; 
coloured red.-.Mallicollo ; Forster speaks of the rccf-boWlded 
!!hore: the reef is about 30 yards wide, and so shallow that 
a boat cannot pass over it. ll'orsl.Cr, also, (Observat. p. 23,) 
Mys that the rocks of the lICa-shore consist of madrepore. In 
the plan of Sandwich harbour, the ]102.1dlands are represented 
as fringed; coloured red.-Aurol·a lind Pentecost I.s1amls, ac
cording to Bougainville, apparently have no reefs; nor has the 
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large island of S. Espiritu, nor Bligh blttnd, Dor Banks' Islands, 
which latter lio to tho N.E. of the llebrides. Rut in none of 
these caaes have I met ,vith any detailed account of tlleir 
shores, or seen plans on u large scall); and it will be evident 
that a fringing-reef of only thirtr, or even a few hundred yards 
in width, is of so little importance to navigdtioD, thnt it will 
seldom be noticc<i, excepting by chance; and hence I do not 
doubt that several of these isl:mds, DOW lcft uucolonred, ought 
to be red. 

SANTA-CRl,lZ GI!OUI'.- ¥am',{:on) (Fig. 1, Plate I.) offers a 
striking e.. ... nmplo of u barrier-reef: it was first described by 
the Chevalier Dillon, in his Voyage, and was surveyed in tho 
Astrolabe; eolomcd palo blue.-Tikopia :md Fa/aka Islands 
appear, from the descriptions of Dillon and D'Urville, to llave 
no ree&: Anouda is a low, flat island, surrounded by cliffs, 
(Astrolabe. Hydreg. and Krusenstem Mem. yoL ii, p. 432); 
Ulese are uncolourcd.-1'oupoua CO/oobo(1 of Dillon) is stated 
by Captain 'l'romelin (Annales Marit. 182D, }J. ~89) to be al
most entirely included in a reef, lying at the Jistance of two 
miles from the SllOCC. There is n sp.ace of three miles without 
any reef, which, altlJOugh indented with bays, offers no anehor
ago from the e:(tnlme depth of the water close to tlle slloro : 
c..'1ptain Dillon also speaks of the reefs fronting this island; 
coloured. blue.-Sallta Cruz; I have carefully e."amined the 
works of Carteret, Dentrccasleal):(, \Vil80IJ, and Tromelill, and 
I cannot discover any mention of reefs on its sllOres; left un
coloured.-Tinakoro is a constantly active volcano without 
reefs.-Niwdana Isles (mentioned by Dillon under the name 
of ,tliammee, &c.) are said by Krusenstern to be low, and in
tertwined with reefs. I do not believo thcy include a lagoon; 
I have left them uDooloured.-Duff's Islands compose a small 
group directed in n :r-.".W. and S.B. band; tIley are described 
by Wilson (p. 296, Miss. Voy. 4to. edit.) as formed by bold 
peaked land, with the islands surrounded by coral-reefs, e:(~ 
tending about half n mite from the shore: at the distance of 
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no milo from the reefs be found only seven fathoms. As I lmvc 
no relLson for supposing thcre is deep water within these reefs, 
1 hn\'e coloured them rcd.-Kelllled!J Island, N.B. of Duff's: 
J have been unable to find allY account of it. 

NEw CALi:oosIA.-The great barrier-reefs ou the shores of 
this island have alrMody been described (Fig. 5, Plnw II.). 
T hey have been visited by Lnbillardiere, Cook, and tllC 
northern point by D'Urville; this 11Itter ptlrt 80 closely resem
bles an ntoU thnt I have coloured it dark blue. 'fhe Lo!Jalty 
group is situated to the eMt of New Caledollia; some at least 
of the islands are formed of uIll"aiscd coml-rock, and afO 
fringed with living reefs j sec nc". W. B. Clarke, in Journal 
of Gcolog. Soc. 18'17, p. 61 j coloured red. North of this 
grotlp there arc some extensivo low reefs (called A 8tro/abe 
and Beaupre), which do not !!OOm to be atoll-fonned: theso 
arc left uncoloured. 

AIJSTHALUN BARRIER-HEH'.-'l'his great reef, which Lai 

already been tlescriood, has been coloured from the cimxts of 
Flinders and King. Juk{'Jj has give.n many details respe<:ting 
it in the Voyage of H .M.S. Ply ("01. i. 184.7, c1wp. xiii.). I II 
the northern IlRMa, an atoll- formed reef, lying outside the 
barrier, has been described by Bligh, and is coloured dark 
bille. III the space between Australia and New Cl.liedonia, 
cnlled by Flinders the Corallian :::eu, there are 1IU!llerou8 reefs. 
Of these, some nre represented in Krusenst(::rn'@Atlasmlhaviug 
tin atoll-like structure j nflmely, IialllplM Shoal, Frederic, 
Vine or Horse.shoe, and Alert Heefs; these hm'c been colotJTed 

dark blue. 
J~OUJSIADE.-1'hc dangerous reefs wllieh front tlnd surround 

the we~t.()r)l, southern, mld northern coaS\l; of tbis so-called 
peninsula nnd arehipelngo, sccm cvidently to belong to the 
barrier class. TIle land is lolly, with tI low fL'inge on the 
coast; the reefs are dislnnt, and tIle se:l Olltside them pro
foundly deep. Ncarly all that is knowll o[ tllis group is de
rived from the labours of DentrecnsteRlL'C alld Bougainville: 
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the latter h':l!~ represented ono C'Outinuous reef 90 mile. 
long, pamtlel to the sho~, And in plncCll as much 1\.5 10 miles 
from it; coloured pale hlue. A linlo distance northward, wo 
have the LallgMmt Island", the roofs round which fire engnnocd 
in tho Atlas of the Voyage or tho ASlrolabe, in the same man
ner lIS rotlUd the encircled ishUlds of tIle Caroline Archipelngo : 
the n)c[ is, in pmt8, :l. mile aud 1\ llnl!' from the shore, to which 
it docs not appear to be attached; coloured blue. At somo 
little distance from tIle extremity of the Louisiado liC3Well, 
Reef, described in G. Hamilton'" Voyage in H.i\{.S. Pant/Qra 
(p. 100): it is Mid, 'We found we had got embayed in a 
doublo reer, which will 800n he an island.' As this ltatcment 
is only intelligible on tho 8\lpposilion of the recfbeing crescent 
or hOrtlC-shoe formed, like 80 mnny other submcrgoo annular 
roofs, I ha,·o ,·entured to colour it blue. 

SALOMA" AnCIIIPRLAGO.-l1IO ellart in Kru!ICll8tern 's AtJ11S 
bhows that thCIIC isl.nndsare not encircled; nnd as coral !lppear8, 
from tIle works of Surville, HotlS""<linville, and Labillardiere, to 
grow 011 thdr s110rcs, this cireulll8tllllee, as in the case of tlH~ 
New Hebrides, is a presulllptioll that tbey arc fringed. t 
cannot find out anything from Dentree:ate3u.-..;'s Voynge, rc· 
garding the rou\hern islandll of the group. 110 have left them 
uncolourcd.- Malayta bland, in :I. rough MS. cllMt in the Ad· 
mimlty, hM iLs northcrn shore fringed.- Y,alHl uland: tbeN.r:. 
part of tbis islam], :l8 Mown in the KllUe cll3rt, is also fringed : 
Mendnua (Burney, ... ·01. i. p. 280), IIpeaking of:m islet tldjoin. 
ing the nortlu~:rn c.o.ut, Mys iL is 6urrouudcd by ~f~: the 
Rhoreg, al!90, of Port P rnslin IIppeal· regularly friul;...oo. C"QisCld 
Island: pnrts of the shores n.ro fringed hy coml-rccf". in Bou
gainvi!le's ehtlrtof Choisoul Bay.-IJoogaim:ille Island: tleeord
ing to Dcntreca.<!tcalL-':, tho western shore :\ooumI" with coral
n!efs, and tho arualler islands are said to be :ltt3Ched to the 
larger ones by reefs; all the above-mentioncd islands ha\·c be."!11 
coloured ml.-BQIlI-a Islands: Capt.1in Dupemly hllll kindly 
informed me in a. letter, th3t he JlIl!SCd clOl!O I"OUIld the northef1l 
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side of this island (of which a plan is given in hill Atlas of the 
Coquille', Voyage), anel tlmt it was 'gamic d'tme bande de 
recife /l. fleuf d'eau rnlhcrcntc8 au rivage j , nnd he infers, from 
the abundance of coml on the island~ north and south of 
Bouka, that the reef probably ill of cornl j coloured red. 

Off the north const of the &lomau Archip<'lago there nre 
several small groupe which are little kuowll: tlu:lyappear to 
be low, and of coral formation; and some of liwm probably 
hnve an atoll~like structure: the Cilevnlier Dillon, however, 
informs me thig ig not the case with the B. de Carulelaria.
Outong J(wa, according to tho Spanish navigator, Maurellc, is 
thus characterized; but this is the only one, which I have 
ventured to colour blue. 

NEW IRELANI).-The shores of the S.W. point of thia 
island and some adjoining islets, are tEng('d by reefs, as may 
be seen in the Atlascs of the Voyages of the Coquille and 
AS(I'olabe. M . Lesson observe8 that the rCtlf~ n.rc open in 
front of each streamlet. The Duke of 1'01'£" Lland ill also 
fringed; but with regard to the other parts of Kew I!-eland, 
New HaIIOt'U', and tho sma1I islands lying uorthward, I have 
been unablo t.o obtain any information. I witl ouly add that 
no part of New Ireland aplJears to be fronted by distant reefs. 
I l\nye coloured red only the above specified portions, 

NEW BRITAIN ANI) THE NORTHERN SHOUE o~' NEW GUINEA.
}'rom the charts in the Voyage of the Lislrolaot, and from the 
lIydrog. Memoir, it appears that these coasts are entirely 
without reefs, all are the ScI,Qut01l. Islands, lying c1011C to tho 
northern shore of New Guinea. The western and south· 
western parIs o[ New Guinea will be trcated of whf'n wo 
como to the islands of T.he F.aRt Indian Archipelago. 

ADlIlHA~TY GRoup.- From the accounts given by Bougain
ville, Maurclle, Dentrec:Mtcaux, and the scnu<:rcd noticcscoI
lcctOO. by I l or~burgh, it appears that some of tIle many islands 
composing it are high, with a bold outliue j nnd others arc 
low, small, and interlaced with reefs. All tho high wands 

The Com lete Work of Charles Darwin Online 



220 APPENIlL'(. 

appror to be fronted by distnnt roofs rising abruptly from the 
sen, and within some of which, there is reason 10 believe that 
the water is doop. 1 have therefore little doubt that thoy 
belong to the barrier class. In the southern part 01' the group, 
we have Elisabeth uland, Wllich is surrounded by n reef at the 
distance of a mile ; and two milesCMlward of it (Kru!;(lnst~'rn, 
Append. 183;), p. 42) there is II little i~13nd containing :\. 
lag()()ll. Koor here, a111O, lies Circular Reef (llorsburgil 
Direct. vol. i. p. 6fll, 4th cdit.), • three or four milCII in db.· 
Illoter, having deep wnter inside with an opening at tllO 
N.N.W. part, and on thooutsidll 8t~p to.' I lw.\'o from theSO 
data, ooloured the group palo hint', and Circular Reef dark 
Mlle.- The AnaclIOrile8, Echequit r, amI Hermite8 consist of 
innumemble loll' islnnds of cor.lliormation, which promtbly 
rife atolls; but not being able to ;I!!ccrt.'lin this, I hav(l not 
coloured them, nor Durour Island, which is descrihed by Cur
tcrp.t as low. 

l'l1e CAl:OI.l!olJ: Al:ClJII·F.L.\GO is now well known, chiefly 
from the Ilydrogr:lphiCltl labours of J~Ulko:l : it contains about 
forty groups of :ttolls, and three cncire10d islands, two of which 
:Ire cngraved in Figs. 2 nnd 7, Plate J. Commencing with the 
eastern part, the encireling roof round Uatun nppears to be 
only about half a mile from the shore; but as the land is loll', 
and covered with mangrovCtl (Voyago autour uu Monde, par 
F . Lutkc, vol. i. p. 839), ils margin has not prob.lbly been 
M«lrtaincd. The extreme depth in one of the h:l.rbours within 
the reef ill 33 fathoms (ll(!e charts in Atlas of Coquille" 
Voyage), and outside at half a mile distance from the reef, 
no bottom wn.~ obtained wilh 2~O fatholUs. The rMf is sur
mounted hy many islets, and t!J~ lagoon-like channel within 
is mostly IIhallow, and appCIITS to have beell much encronclled 
on by the low land snrrollnding the central ruounutins; these 
fllcts show that time has allowed much dctrib13 to :tcculIllllnte· 
colO\1roo pale bille.-Pollympet" or,$eniulJine. In thegrcat.e; 

part of Ihe circumferencc of this ialand, the reef is about oue 
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mile and three quarteu from tIlC sllore; but OIl the north side 
it is five miles dist:mt from the included high illlet6. The 
reef is hroken in several places; and jU9t within it, the depth 
in elle place is 80 fathoms, and in another, 28, beyond which, 
to all appearance, there WM • un port vasto et lIi1r' (Lutke, 
vol. ii. p. 4). Coloured p.·-..Ie blue.-!!ogol(1l or Rou!]. 'l'his 
wonderful group contains lit least 62 isl:mds, and its rcef is 
] $5 milcs in cirCllit. Of the islands, only II fell', about six 01' 

eight (sec Hydrag. Description, p, 428, of the Voyngc of the 
A3troiabe, and tIle large aceomp:mying chart taken chiefly 
from that gi"en by Duperrcy) arc high, :lU(1 the relit arc all 
8mnll, low, nnd fornled OD the reef. Tht' depth or the great 
interior lake ling DOt he<!n fIlICertained; bllt G.'lptain D'UrvilJe 
:'ppcafll to Ila\·e enwrruincd no doubt about the possibility of 
tnking in n frigate. 'fhe reef lies no leu th.m 11 miles 
distant fram tho northern coasts of the interior high islands; 
£(lven milo~ from their western sides, nnd 20 from the 
southern: tllc sea is deep outside. This island resembles on 
:\ grond scalc tIle Gambier group in the Low Archipell\:,frQ. Of 
the low l islands forming the chief part of the C-'lroline Arehi· 
pelage, nil those of larger si2!e (as ffi:ly be 80011 in the Atlas by 
Capt.-lin Lutk6), and sonle oven oftlle ISmull ones of which pinus 
tire given ill tll~ Atlas of the C()(}uillt's ,"oyage, nre truo Molls. 
'fhere arc, llowc\,er, some low, small islandg or corol fonlllition, 
namely, Ollap, 1'amatam, Bi!]aZ,~ Satahoual, which do net 
eont.'lin lagoons; but it is probable thnt lngoons originnlly 
existed, but have since filled up; LutkC (voi, ii. p. 304) seems 
to hnw! thought that aU tllclow islands, with only one excep-
tion, cont.'lLnc<i lagoons. The Illost soUlhern isbnd in the 
group, nnmeiy, Piguil"U»i, is not coloured, b(:C:.lliSO I have found 
no nccount of it. ]\hw.go!lor, or ,"onte VtrdisoJ!, which wns not 

, In D'lin·jlle nnd Lottin'M ehllrt, PCSCI'<\I"6 iv written with eapital 
leucrs; but thi, (i'l"idclltly is an error, for iL is ODe of the low is1eu on 
th~ reef of N{l.IllOnoll),to (5C(l LutU's cham), whieh is n regular lItolL 
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visited by Ltltke, is described and figured by Mr. Bennett 
(United Service ,Tournai, Jan. 1832) as an atoll. All the 
before-mentioned islanda IlIlvc been coloured blue. It must, 
however, be stated that between Nalan and Pouynipetc, the 
three McAskiH Islands ri!IC to a height of from 40 to ] 00 {eet, 
nnd consist, according to Dana (Corals :md Coral Islands, 
p. 306), of coral-rock; whether they arc encircled or fringed by 
coral-reefs doos not seem to be known . 

WESTERY r.\nT Of' TilE CAlIOLlYE ARCHIPELAGo.-Faill 

Island is 90 feet high, and is surrounded, as I have been in
formed by Admirnl J~ntk~, hy a narrow reef of living coral, 
of which tho broadest part, as represented in the clmrts, is 
only 150 yards; coloured rerl-Philip Island, I believe, is 
low j but H unter, itl his H istorical Journal, gives no clear 
account of it; uncoloured. Elivi: from tIle manner in whieh 
the isleta on the reefs nrc engraved in the Atlas of the As/ro. 
labe's Voyage, I should have thougllt they were above the 
ordinary height; but Admiral Lutkc assures me that this is 
not the ensc: they form a regular atoll; coloured blue. Gouap 
(Eap of Chnmisso) is a high island with a reef (sec Chart in 
Voyage of Astrolabe) in most parts more than a mile distant 
from the short!, and two miles in one part. Cnptain D'Un'ille 
thinks that there would be anchorage (Hydrog. Descript. 
Astrolabe Voyage, p. (36) for ships witllin the reef, if a 
passage could be found; coloured pale blue.-Goukm, from 
the chart in the AstlY}labe's atlas, appears to be an atoll: 
D'Urville (Hydrog. Descript. p. (37) speaks of low isleta Oil 

tIle reef; coloured dark blue. 
PEU':W ISLA:SD~.-Krllscnstcrn speaks of some of tll(l islands 

being mount'l.inol1s; the reefs arc dist .. mt from the ahore, and 
there are apacea within them, not opposite to any valley, from 
10 to 15 fathoms deep. According to a MS. chart of tIle 
group by Lieut. Elmer in tllCArlmimlty, there is a large~paee 
witllin the reef with decpish water: although the high land 
does not hold a centrnl position with respect to the rccf~, lUI is 
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generally the case, I have little doubt that tllO reefs of the 
Pelew ishmds ought to he ranked in the barrier elaf!.~, and I 
bave coloured them p.'l.le blue. In Lieut. Elmer's chart there 
is a horsc-slloo-formed shoal, 13 miles N.IV. of Pelew, 
with 15 fathoms within tJ10 rccf, and some dry banks on 
it; coloured dark bluc.-Spanish, ~~Iarlires, Sal/strol, Puw 
Anna and Jl[ariere hlands are not coloured, beC!.\use I know 
nothing about them, excepting that according to Krusenstern, 
the second, third, and fourth mentioned, are low, placed on 
coral-recf8, and therefore pcrllapS include a lagoon; but Pulo 
Mariere is a little higher. Since the above remarks wero 
written p!'o[ Semper Iw.~ published an interesting article 
(7.eirsehr. i: 'Ilissensch. Zoologic. Bd. xiii. 1863, p. ;)58) on 
these islands. He states that the soutllern islands consist of 
coral-l'OCk, npraised to the height of from 400 to !'j00 feet; 
and some of them, before their upllcuval, scem to have existed 
as atoUR. 'l'hey are nOIY merely fringed by living reefs. The 
northern islands are volcnnie, deeply indented by bays, and 
arc fronted by barrier-reefs. To the north there arc three 
true atolls. Prof. Semper doubts whether the whole group 
has subsideu, partly from the f,1ct of the southern is1ands being 
formed of uprai8Cd coral-rock j but there soems to me llO im
probability in their having originally subsided, then baving 
been upraised (probably at the time when the volcanic rocks 
to the north were erupted), and again having Bub~ideu. 'rhe 
existence of atolls anu barrier-reds in close proximity is mani
festly not ()ppo8CU to my viows. On the other hand, the 
presence of reefs fringillg the ~outllern islands is opposed to 
Illy views, a~ such reefs generally indicate tbat the land ha..~ 

either long remained Rtauollilry, or has been upraised. It 
must, llowever, be borne in mind (as remarked in our sixth 
cllapter) that when the lanu is prolonged beneath tbe sea in 
an extremely steep slope, reefs formed there during EUb~idence 
will remain closely attached to the shore, and will be undis· 
tioguishable from fringing-reek Now we know that the 
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flnhmarine flank!! of most atolls are very steep; and if an atoll 
nner uphewaJ and beforo the sea had eawn deeply into the 
land, aud had formed a brood flat !SurfitCC, were again to 8ub
!lille, tho reefs wllieh grew to the surflu:c during the subsiding 
movement, would ~till closely !l.kirt the coast. After some 
hesit,(".tion, I Imve thought mysclf justified in leaving these 
islands coloure<l blue. 

:UAHI.I:<IA A llCllll'E LAGO, OR L ADIlOsEs._Gua/tan: almost 
the whole of this is11nd is fringed by reefe, whieh extend in 
most parts about a third o( 3 mile from the laud. E ven where 
the roor~ are DlOst e."I:tensive, the water within them is shallow. 
In several parll! tllCre is a u:wignblo channel for bo.1tS nnd 
canoes withiu the reefs. In ~'reycinet'8 Hydrog. Mem. there 
is an aceount of' these 1'oofs, and in the uliall, a map on a large 
lICalc; coloured red.-Rota : • L 'ilc eat I)rosque enti&rcment 
cntourec des r&:ifs' (p. 212, Freyciuet's Hydrog. Mem.). 
'l'hese reefs project about a quarter of a mile from tIle shorc ; 
coloured rcd._l'irliali : tho eastern coast i~ precipitous, and 
is without reefs j but the weswrn aide is fringed like the last 
h .. land j coloured reil.-Suypan .' tiLe N.B. COlLQt, and like
wis(! the wc!'tcrn shores nppe.1r to be fringed; but tl10re is:t 
gro..1t, irregular, horn like reef pl'()j~ting filr from this side; 
coloured red.-Farmlon de .I/edillilla appears so regularly 
lind cJoscly-fringed in "Frcycinet'" cliartl', tllat I have ventured 
to colour it red, although nothing is said about reef'! in tllO 
Hydrographic.1! MelllOir. T he several islands wllich form the 
l10rthern part of tht) group nre volcanic (with the exception 
perhaps of Torres, which resemblcs in for m the madreporit ic 
ieland of llietlinilla), and appear to be without reef~.-.,lfa7l9B, 
llOWeYCr, is lIescrihcd Coy Freycinet, p. 210, Hydrog.) from 
some Spanish dmrt..Q , as formed of ~mall ishnds placed • aU 
milieu d('.s nombreux recifsj' rmd all tlleac reefs in the general 
ehart of tho group do not projcct so mnch M a. mile; :md as 
there ill no appearance from a double line, of the exi~tence of 
deep watcr within, I lmve ventured, although with IllUcJ. 
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hcsitation, to colour thelll roo. Uespecting F olger and Mar
shall Islands, which lie sowe way Cl\st or tho Mariana~ I c:m 
lind out nothing, e.'\cepting that they are probably low. Kru
senstern says this of M:lrshall Island; and Folger Island is 
written with swalllctteNl in D'Urvillo's chart; uncoloured. 

BONIN OR Am:OUlSl'O Gnoup.-Peel Island hus been ex
amined by Captain Beoohey, to whose kindness I am much 
indebtod for giving me information regarding it: 'at Port 
Lloyd there is a great deal of cornl; and the inner harbour is 
entirely formed by coral-reef~ whieh c-"I:tend outside the port 
along the coast.' CaptRin Boochey, in another part of his letter 
to me, alludes to the reefs fringing the island in all directions; 
but at the samo time it llIust be observed that the surf washes 
the volcanic rocks of tile coast in tho greater part of its cir_ 
cumference. This island Im8 cert.'\inly been elevated at least 
50 feet within the recent period (see Journal of Geolog. Soc. 
1855, p. 532). I do not know whether the other islands of 
the archipelago are fringed; I have colouroo. Ped island red . 
-Grampus hland, to tho c.'U!twnrd, does not appear (Meare's 
Voyage, p. (5) to have any recla, nor does Rosario bhmd 
(from LutM's ehart), which lies to tl10 westward. Respect
ing tile few other islands in this part of the sea, namely 
the SulpllU/' IsulIlds, with an active volCAno, and those Jying 
between Bonin aud Jap.1u (situated ncar the extreme limit 
in latitude at whieh recf.:J can grow), I have not been able 
to find any clear account. 

W£ST ESD OF NEW GUlNF.".-PO,.t Dor!J.' from the 
charts in the Voyago of tile Coquille, it would appear that 
the coast in this part is fringed by coral·reefs j M. Lesson, 
llowever, remarkB that the corals are sickly; coloured red. 
- lVaigiou: a. considerable portion of' the northern shore of 
these islands are seen in the charts (on a large scaJe) in Frey
cinct's Atlas to be fringed by coral-reefs. Forrest (p. 21, 
Voyage to New Guinea) alludes to the coral-ree!i; lining the 
heads of Piapis Bay j and Horsburgh (vol. ii. p. 599,4th 

Q 
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edit.). speaking of tho islands in Dampier Strait, MyS, ' shup 
corol-rocb line their 8hows;' coloured red.-I n the /!Cf1. 

nort.h of these isiandiJ, we have G!lllles (or Freewill, or St. 
David',). which {rom the chart given in Ihe 4to. edit. of 
Cnrt.erct's Voyage must be an atoll. KrU&eDst.crn says tho 
islet!! are vcry low; coloured bluc.-Carltrt't's Shoals, in 
20 VS' N., arc described 119 circular, with stony points. show
ing nil round, with deeper water in tllC middle; cclourcd 
bluc.-Aiou: the plnn of this group, given in the ntlaa of the 
Voyage of the Astrolabe, sllowlI tllat it is an atoll; and, from 
n chart in Forrest's Voyage, it appears thero is 12 fathomll 
within the circular reef; coloured blue.-The S.W. coo.sr. of 
New Guinea. appeal'll to be low, muddy, and devoid of ree&. 
The Jl rro, Ti11lQr-lalit and J'tnimhtr Groups have lat(!iy been 
examined by Captain Kolil', tho MS. tr.l.n!lation of which, by 
Mr. W. Earl, I Ii/we been permitted to rend, Ihrough Ihe 
kindnell8 of Captain ""uallington, R.N. These ialnndll are mostly 
rathcr lnw, and nrc Imrroundcd by di~tnnt recfs (the Ki 
Islands. howm'er, tlTO lofty, and, from Mr. St.'lIlley'R survey, 
appear without reeb); tho sea in 80me pe.rt.e is shallow, in 
othen: profoundly doop, 118 nc:n Larrnt. }'rom tho imper
rootion of the publiahcd charts, I hal'e beeu nnablo to decide 
to which cl'\SS theso l'e(lf. belong. From the distance to which 
thoy cxtend from the lAnd where the eea is very deep, I am 
strongly inclined to believe they ought to come within Iho 
bnmer class, and be ooloured blue i but 1 havo been forced to 
leave them UllC'Oloured.-The last-mentioned groups are con
nected wi~h the cast end of Ceram by n chain of sulall islAnds. 
of which the s.mall groups of Ctram-laut, Coram, and KtJ1in9 
nTO ruTrounded by vcry extensive reefe, projecting inlo d~p 
wRl.(!r, which, as in tho IMt case, I s.trongly suspect belong to 
the barrier cl!lS8; but I lHlve not oolonrcd illem. From tllC 

80Uth s.ido of Keffing, the roofs project fi\'o milC:8 (Wind80r 
F.arl's Sailing Direct. for tllO Arafura Sea, p. 9). 

CJ!RAlr,-ln varioUfl chtlrts which I have examined, several 
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parts of the eo.'l5t are represented as fringed by rce&.-Mampa 
Island, between Cernm and Bourou, in lin old 1118. eil.1rt in 
tho Admiralty, is fringed by a. very irregular reef, partly dry 
at low water, Wllich I do not doubt is of coral formation; 
both islands coloured rcd.-Bo'lrOtl: parta of this island 
appear fringed by eorlll-~, Ilnmeiy, the eastern coast, as 
seen in Preycinet's clmrt; and Cajeli Bay, which is said by 
IIorsburgh (vol. ii. p. GaO) to btl lined by coml-reefs, that 
stretch out a little way, nnd have only a few feet of water on 
them. In sc\·erJ.I charts, portions of the islands forming the 
AllOOI:;'.-I. GROUI' are fringed hy reefs; for instance, Kousa, 
HartnclI, and Ucastt r, in Freyeinet's charta. The abo\'O
mentioned islands Imvc been coloured red, although tho 
cvidence is not vcry lUltisractory .-North of Bourou tbo 
parallel line of the Xulla Islcs extends: I have not beel\ 

ablo to find O~lt anything about them, excepting that 1I0rs
burgh (vol. ii. p. 5(3) says that tIle nort11ern shore is SUl'

rounded by a reef lit thc distance of two or three miles; 
uncoloured.-.ilIysal Grollp: the Kanary Islands are said by 
Porrest (Voyage, p. 130) to be divided from each other by 
deep straits. and arc lined with coral-rocks; coloured red.
Guebe, lying between'Vaigiou and Gilolo, ill engraved as if 
fringed; and it is s,1i<l by Frcycinet, that all the soundings 
under five fathoms wcre ou coml; coloured rcd.-Gilola: iu 
a chart published by Dalrymple, the numerous islands on the 
western, southern (Balcl!iafl ansI the Strait of Palielltia) , 
lIud eastern sidca appear frillged by narrow reefs; these roofs, 
I suppose, are of coral, for it is said in Mallo Brun (vol. xii. 
p. 15G), 'Bur les c8~ (of Batchian), comme daM La pLupart 
des iles de eet archipel, il y a deB roes de mailrepores d'une 
beaute et d'une vnrieW infinies.' Forrest, also (p. 50), says 
SeJand, near Batchian, is a littlo island with reefs of coml ; 
coloured red.-Marty Isbnd (north of Gilolo): Horsburgh 
(vol. ii. p. 506) says the northern coa.st is lined by roo('I, 
projecting one or two wiles, nnd having no soundings cwse 

, 2 
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to them; I hal'e lel\ it uncoloured, although, as in some 
former cases, it ought probably to be pale blue.~CelebtB. 
The western and northern coasts uppear in the charls to be 
bolt! and without reefs. Near the extremo northern point, 
however, an islet in thll Straits of Limbe, and part of tho 
adjoining shore, appear to be fringed: the east side of 
the bay of Manado has deep wnter, and is fringed by s:md 
and coral (Astral. Voyage, llydrog. Part, p. 453-4); this 
extreme point, therefore, I have coloured red. C."ptain Keppell, 
nl90, speaks (ExJ»ooition to Borneo, yoJ. i. I)' 130) of the 
shore being in parts fringed with roofs; he found upraised 
coral-rC<lfs at tIm height of frolll 80 to 100 feet abovo tho 
level of the sen.-Of tho islands between the northern point of 
Celebes and tho Phillippines, I hAve not been able to find nny 
account, except of Stl'anf/ani, which appears surrounded by 
Darrow reefs; and Forrest (Voyage, p. ]64) spenks of coral on 
its SllOreS; I have, thcrefore, coloured thi ... island red. To the 
eastward of this chain lio several island!!; of which I cannot 
find any account, except of Karkalang, which is said by 
HOfl:lburgh (vol. ii. p. 504) to be lined by a dangerous roof, 

projecting several miles from the DortllcI'll shore; notcolourcd. 
IsLANDS NEAR TllIOR.-The aceount of the following islands 

is t.'\kcn from Capt.'1in D. Kolff's Voyage in 1825, translated by 
Mr. W. Earl from the Dutch._Ltue has 'reefll C:li;tcnding 
along shore at the distance of half a mile from the land.'
.Moa has rcet9 on the S.W. pnrt.-I..akor hlUl n red lining its 
shore; these islands are coloured red.-Still more eastward, 
hUatl, differently from the last---meutioned islands, has an 
extensive reef; it is steep outside, and within there is :I. 

depth of 12 feet; from tll('8Q facts, it is impossible to 
decide to which class this island bclongs.-Kissa, 0[' tho 
point of Timor, has its 'shore fronted by a reef, steep too 
on the outer Bide, over whieh small proahs can go at the time 
of high wutcr;' coloured red._Timor: most of the points, 
and 80me considerable spaces of the northern shore) are seen 
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in Fr<'yeinet's chart to be fringed hy coral-reef~; anrlmcntion 
is made of them in the accompanying Hydrog. Memoir; 
coloured red._SaVII, S.E. of Timor, appears in }1'linder8' 
chart to be frhlged; but I have not coloured it, as I do not 
know tbat the r('€f~ are of coral.-Sandalwood Island lIas, 
according to llorsburgh (vol. ii. p. 607), a reef on its 
southern More, four miles distant irom the land; as the 
neighbonring sea is deep, and generally bold, this probably 
ill a barrier-reef, but I have not ventured to colour it. 

N. W. CoAST Ot' AUSTl!Al.IA.-It appears, in Captain King's 
Sailing Directions (Narrative of Survey, vol. ii. pp. 325 to 
BG!), that there axe many extensive coral-reefs skirting, 
often at comiderable di~tanees, the N.'V. shores, and ell
compassiug tbe small adjoining i~lets. Deep water, in no 
instance, is represented in the cbarts between these reefs 
and the land; lIud, therefore, they probably belong to the 
fringing class. But as they extend £11." into tllC sea, which 
is generally sllallow, even in places where the land seems 
to be llOmewllat precipitous, I have not coloured them. 
Houtman's Abrolhos (lat. 280 S. on west coast) have lately 
been surveyed by Captain'Vickham (:l.Il described in Naut. 
:Mag. 18-11, p. 511): thcy lie on the edge of a steeI,ly
shelving bank, whieh cxtcndR about 30 miles seaward, along 
the whole line of coast. The two llOutllCrn reefs, or islands, 
enclose a lagoon-like space of water, varying in depth from 
5 to 15 hlthoms, and in one spot with 23 fathoms. 'l'he 
greater part of the land has been formed on their inland 
sides, by the accumulation of fragments of corals; tho 
seawar'd face consisting of nearly Lare ledges of rock. Somo 
of the specimens, brought home by Captain Wickham, 
contained fwgments or marine shells, but others did not; 
and tllese closely resemblcd a formation at King George's 
Sound, principally due to the action ohhe wind on calcar~lls 
dust, which I have described in my work on Volcanic Islands. 
}1'rom the extreme irregularity of these rccf.~ with their lagoons, 
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and from their position on a bank, the usual depth of which 
is only 30 fatlloms, I have not ventured to CIM~ them with 
atolls, and hence have lett them ullcoloured.-Rowle!l Shoals : 
these lie BOrne way from the N.\V. coa£t of Australia.; accord
ing to Captain King (N:m':l.tive of Survey, vol. i. p. 60), they 
arc of coml-fonnation. They rise abruptly from the sea, and 
Captain King found DO bottom with 1711 fathoms close to them. 
T hree of O,em arc crescent-shaped; 'a third oval roef of 
the !;arne group is entirely submerged' (Lyell, Principles of 
Gwlog., book i ii. cImp. xviii.) j coloured bhlC.-SCO/t'8 Ueefs, 
lying north of Howley Sho ... tls, (lTe briclly described by Capt."in 
Wickham (Naut. Mag., 1841, p. 440) as of great size, of a 
circular form, alld 'witl. smooth water within, forming pro
bably a lagoon of great extellt.' 'l'here is a break on the 
western side, wllere there probably is an entrnnee: the water 
is very deep oil' these reefs; colonred blue. 

Proceeding westward along the great volennic chain of the 
East Indian or Malay Archipelago, Solor Strait is represcnted 
as fringed in (l. chart published by Dalrymple £rom a Dutch 
1\IS. j as arc pnrts of Flores, Adellal"u, and SolI»" . llorsburgh 
1Ip<'".Iks of coral growing on these shore~, and therefore T have 
no doubt tlJat the reefs arc of coral, and have coloured them 
roo. We heur from HOfsburgh (vol. ii. p. C02) that a corol 
flat bounds the shores of Sap!] Ray. l 'rom the same autho· 
rity it appears (p. (DO) that reefs fringe the island of l·inlOr
YOWl!}", on the N. shore of Sumbaw:I; and likewise (p. GOO) 
that B all!} town in Lombock, is fronted by a reef, I!tretching 
along the shoro at the dist.1ncc of a llUndred filthoms, with 
channels tllroUgh it for boats; these places, tllerefore, have 
been coloured red.-Ball!} l slaud: in a. Dutch MS. chart on a 
large scale of Java, which was hrought from that island by 
D r. Horsfield, lvho had the kindness to show it nit) at the 
I ndia House, its we~tern, northern, and southem shores ap
pear r egularly fringed by ;\ roof (see also Horsburgb, yol. II. 

p. 508); and as coral is foun d abundantly there, I have no 
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dou.ht that [he reef is o[ coral , and therefore havo coloured 
it red. 

JA\'A.-My information regarding the reefs of this grC'dt 

island is derived from the ehart just mentioned. T he greater 
part (If Madura is represented in it liS regularly fringed, and 
likewise portions of the (:oust of Javt!. imlllediately south of it. 
Dr. Horsfield informs me that curdl is very abundant ncar 
Sourabaya. The adjoining islets, and parts of the N. coast of 
Java, west of Point BUallg, or Japara, are fringed by reefs, 
said to be of coral. I.mbecl.,. or Bavia" Islands, lying at !!Orne 
dist..'1ooo from the sbore of Java, are regularly fringed by coral
reef,,: CUrimo" Java appears et:lually flO, though it is not 
directly said tllat the reefs are of corlll j there is a depth of 
between 30 and 40 fathoms ronnel these islandl:l. Parts of the 
shore o[ SUIlda Straits, where the water is from 10 to 80 
f..'1thoms deep, and the islets Ileal' Batavia appear ill several 
eh:l.tts to bt: fringed . In the Dlttch chart tllO southern shore, 
in the narrowcst part of the island, is ill two llla<::es fringed by 
reefs of coral. West of Segorrowodu Bay, lind the estrcme 
S.E. and E. SllOrcs are likewise fringed by coral- reefs; all the 
above-mentioned places coloured red. 

Maca3sar Stmit: the east coast of BornlO appears. in most 
pam, frC<l fronl reds,llDd where they OC(:UT, as on the coast 
of Pamaroong. the sea is very shaUow j hence no part is 
coloured. ]n Macassar Strnititsclf, inabout lat. 2" S., there 
are many small islands wilh cornl shoals projCi;tiDg far from 
them. '£here are also (old ehmu by Dalrymple) nUlllefQUlI 
little flaIl! of coral, 1I0t ris.ing to the sur£'1eo of the water, and 
shelving lluddcnly from five f[.thoms to no bottom with 50 
fathoms; they do !lot appear to llavo a lagoon-like structure. 
T here are l3imilar coml-rooals a little farther south; and in lat. 
40 55' ther¢ are two, wllieh arc engraved frow modern sur
veys, in a wanuer which may repre.oent an aDllular r!'>Of with 
deep water inside: Capt. Moresby, hOII'el'er, who was fonnerly 
in this sea, doubts this fact, so that I have left thorn un-
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coloured: at tIle same time I may remark, that the:so two 
shoals mako a nearer Approach t.o tho atoll-like structure than 
IIny other within the E. IndianArchipelago. Southward of these 
shoals there are other low islands and irregular oor.tl-rccfs ; 
and in the space of sea, north of the great volcanic cimin, from 
Timor (;0 J ava, we huve other islands, such as the Postillions, 
Kalatoa, TOKan-Beuu8, &c., which are clliefly low, and arc 
surrounded by very irregular and di~tant reefa. From the 
imperfect cham I have seen, I have not been able to decido 
whether they belong to the atoll or barricr classes, or whether 
they merely fringe Hubmarino banks, and gcntly sloping lantI. 
In tho Bay of Bonin, between the two southern arms of Celebes, 
there are numerous coral-reds ; but none of them seem to have 
an aooU-like structure. I have, therefore, not coloured uny of 
tho islands ill this part of tho sea; I think it, however, ex
ceedingly probable that some of them ought to be blu~. I 
may add tlmt there is a harbour on the S.E. co.ut of Boulon, 
which, according to an old ellSrt, ill formed by a reef, parallel 
to the shore, with deep water within; and in the Voyage of 
the Coquille, some neighbonring islands aro represented with 
distant reeb, but T do not know wllether with doop w!Lter 
within. I havo not thought the evidence sufficiont to permit 
me t.o colour them. 

SU)(ATR ..... -COmmencing with tho west coast and outlying 
islands; E1Igallo Island is represented in the published chart as 
surrounded by a narrow reef, and Napicr, in his Sailiug Direc
tions, speaks of the ree[ being of coral (also lIorsburgh, vol. ii. 
p. l Ui); coloured red. Rat Island (3° 51' S.) is surrounded 
by reefs of cornl, partly dry at low wawr (liorsburgh, vol. ii. 
p.9G).-1'riest6 lsland (4" 2' S.): the shoro ia roprescnted, 
in a chart which I saw at the India House, as fringtd in such 
a manner, thnt I feel sure tho fringe consists of coral; but as 
tlle island is so low that tlle sea sometimcs flows quite over it 
(Dampier, Voyage, vol. i. p. '17'1) ] have not coloured it.
Pulo Dooa (13t. 3"): it is !'nid in an old chart that there are 
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chasms in the reef round the island, admitting boats to tho 
wattring-plaee, and that the southern islet consists of a mass 
of sand and eoral.-Pulo Pisang: Horsburgll (vol. ii. p.86) 
&1-Ys that the rocky coral- bank, which strewhell about 40 
yards from the shore, is steep all round: in a chart, also, 
which I have seen, the island. ill represented. as regularly fringed. 
-Pulo Jfjntao is lined with reef~ ou its west side (Horsburgh, 
voL ii. p. 107).-Pulo Baniak: tho sarno authority (voL ii. 
p. 105), ~peaking of a part, says it is faced with coral rocks.
Min(juin (3° 36' N.): II coral reef fronts this place, aud projects 
iuto the se.1- uearly a quarter of a mile (Notices of the Indian 
Arellipclago, published at Singapore, p. 105).-Pulo Bras8a 
(5° 46' N.): a reef surrounds it at II cable's length (Horsburgh, 
YO!. ii. p. 60). 1 havo colouTl~d all the above spl'Cificd puin~ 
red. I may llere add, that both Hon;burgh and Mr. Moor (in 
the Notices just alluded to) frequently ~peak of the numerous 
reefs and bauks of coral on the west coast of Sumatra; but 
they nowhere have the structure of a barrier-reef, and lUarsden 
(History of SumMra) states that where the coast is flat, the 
fringing-reds extend far from it. Tho northern and southern 
points, and the greater part o[ tllC east coast, are low, and 
faced with mud banks, and therefore without coral. 

NICOIlAI\ TSLANJ)S.-Th{l chart reprcscnts the island~ ofthilS 
group as fringed by reefs. lVith regard to Great Nico,",!!!" 
Captain Moresby informs me tl13t it ill fringed by reef~ of coral, 
extending between iOO and 300 yards from the shore. TIle 
Nm·ther'll Nicobars appear so rcgHlarly fringed in the pUblished 
charts, tllat I have no doubt the reefs arc of eorn1. 'rhis group, 
therefore, is coloured red. 

A:SIJA)I,n/ ISLA.NDs.-From an examination of the :MS. 
chart, on a large scale, of this i~land, by Captain Arch. Blair, in 
the Admimlty, seyeral portions of the coa.st appear [Tinged; 
and as Horshurgh speaks of coral-reefs being numerous in the 
vicinity of these islands, I should haye coloured them red, bad 
not some expressions in a paper in the Asiatic Hesearehes 
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(vol. iv. p. 402) led me to doubt the existence of reefs; un
coloured. 

The coast of Jllalacca, Tanasserim, and the coasts north
ward, appear in tlle grc.'ltcr part to be low and muddy: where 
reefs occur, as iu parts of Jl1alacca Straits, and near Singapore, 
they are of the fringing kind; bllt the water is so shoal, that I 
haye not coloured them. Iu the sea, however, between Malacca 
and the west coast of Borneo, where there is a greater depth 
from 40 to 50 fatllorns, I have eolonred red !;Orne of the gTOIIPS, 

whicll are regularly fringed. The northern .lola/vllas and the 
Anambas Islands are represented in the charts on a large scale, 
pllblished in tIle atlas of the Voyage of the Favourite, as 
fringed by reefs of coral, with very shoal water within them. 
TUlllbelan and Bunoa Islands (10 N.) arc represcnted in the 
English chart..~ as snrrounded by a very regular fringe.-St. 
Barbes (0° 15' N.) is said by IIorsburgh (vol. ii. p. 279) to be 
fronted by a reef, over which boats can land only at high 
water.-The sllOre of Borneo, at Tunjollg Apee, is also fronted 
by a reef, exwnding not f.rr from the land (Horsburgh, vol. ii. 
p. 468). 'fllese places I have coloured red; although with 
some hesitation, as the wawr is shallow. I Illight perhaps 
haye added Pulo Leal, in Gaspar Strait, Lucepara aml Cari
Mala; but as the !W~'l is confined and shallow, amI the reefs 
not very regular, I have lett them uncoloured. 

The water deepens very gJ"aduallyfrom the whole west con.st 
of Borneo; und I cannot make out that it has any reefs of corn!. 
The island!) however, oll'the northern extremity, and near 
the S.\V. end of Palawall, arc fringed by very diRt.1nt coral 
reef~: tlms the reefs off Balabac nrc no less than five miles 
from the land; but the sea, in the whole of this district, is so 
shallow, thnt the reefs might be expected to extend very far 
from the land. I have not, tllereforc, thought myself autllO
rized to colour them. 'fIle N.B. point of Borneo, wllero tIle 
water is very 8h0.11, is connected with Magindanao by a chain 
of i~lands called the Sooioo A rcllipelago, about which I Imve 
been able to obtain very little information; Pan(Jootaran, 
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althougll ten miles long, entirely consists of n bed of coral-rock 
(Notices of E. Indian Arch. p. 58) ! I believe from IJorsburgh 
that tho island is low ; not colourOO .-TallOw Bank, in some 
old eh:lrt~ appears liko a submerged ut(lll; not coloured. 
}'orrest (Voyage, p. 21) states that one of the islands near 
Sooloo is surrounded by comI-rocks; but there is no distant 
reef. Near tIle S. end of B asseian, some of the islets in the 
chart accompnnying }<'orrest's Voyage appear fringed with reefs; 
hence I have coloured, though unwillingly, pnrt8 of the Sooloo 
group red. l'he 6e:\ between Sooloo and Palawan, ncar the 
IIhoal const of Bornco, is interspersed with irregular recfs and 
1I11Onl patclles; not coloured: but in the northerll part of this I\Ca 

there are two low islets, Caguyanes and Cavilli, surrounded 
by extensive coral-reefs; tIle breakers rOlllld tIle latter 
( iiorsburgh, vol. ii. p. 513) extend five or llix miles from a 
flrmd-bank, which formR the only dry part j thCllC breakers aro 
steep to outside : there appears to be nn opening thrcugll the 
rec!'on one side, with four or five fathoms within : from this de
IICrilltion, I strongly suspect thnt Cavilli ougllt to be considered 
an 1'Itoll ; hut, as I Imvc not 600n any ch ..... rt of it, c\'cn on a 
moder1'ltely large scale, I have not coloured it. Th~ islets off 
the northern en(1 of P alawan are, like tho!<e off the llOutbem 
end, fringed by reefs, some way diBtant from the shore, but 
the wllter is exceedingly slmllow ; uncolour<ld. T he western 
shore of Palaw:m witi be treated of uncier lhc China. Sea. 

PJII I.I.IPPINE AUCIIW.:L AGO.-A chart on a large scale of 
Appoo Shoal, which lies nellf thc S.B. coast of Mindoro, has 
heen executed by Captain D. Ross : it appears atoll-formed, but 
with rather an irregular outline; it~ diallleter is about ten 
miles; there nro two well-defined passages Icading into the 
lagoon; close outside and all round the reef, there is no 
bottom with 70 fathoms; coloured blue.-11Jimloro : the 
N:W. coast is represeuted in several cll1lrts as frillged by v. 
reef; anUMlball Island iR liaid by Uorsburgh (vol. iL p. 436) 
to be ' lined by a rC1!f.'-Lu:QII ; :Mr. Cuming, who has lately 
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investigated. with so much succe!<S the Nntural History of the 
Phillippines, informs me that a length of about three miles of 
tho shore northward of Point St. J ago is fringed by a red; as 
aro (H orsburgh, vol. ii. p. 437) tho 'l'hree :Friars off Silanguin 
Bay. Between Point Capones and. Playa Honda, the coa~t is 
' lined by a eoral-reef, stretching out nearly a mile in somo 
plaees' (Hor~burgh); and )rr. Cuming visited some fringing
reefs on other pal'ts of the coast, namely, near P uebh, Iba, and 
lHansinglo.r. In the neighbourhood of Solon-solon Bay, tl10 
sl10re is lined (Horsburgh, vol. ii. p. 439) by coral-reefs, stI'€tch
ing out a great way: there aro also reels about the islett; off 
Solamague j and as I am informed by Mr. CUming, near St. 
Catulilla,and a littlellorth of it. The same gentleman informs 
me that there are reefs on the S.K point of tbis island in front 
of Samar, extending from Malalabon to Bulusan. T heso 
appear to be the principal fringing-roefs on the coasts of 
L uzon ; and they ha\'e aU been coloured red. Mr. Cuming 
informs mo that none of them have deep water within; al
tl!Ougb it appears from lIorsburgh that some few extend to a 
considerable distance from tho land. W ithin the Phillippine 
Archipelago, the shores of tho islands do not appear to be 
eommonly fringed, with the exception of the S. shore of 11fas

bate, and nearly the wIlDie of BollOl; which arc both eoloured 
red. On the S. shore of JlJagindanao, Bunwoot Island is sur
rounded (according to li'Ql'rcst, Voyage, p. 253) by a coral
rcef, which in the chart appears one of the fringing class. 
W'ith respect to the e~16tel1l coasts of the archipelago, I have 
not been able to obtain any account. Prof. Semper has re
cently publi;<hed a notice (Zeitscllr. f. Wissensch. Zoologic, Bd. 
:xiii. 1863, p. 558) respecting the coral·reefs of this archi_ 
pelago. 1t appears that some of tlwm come under the class 
of barrier-reefs; but as I lmvc not seen a chart on a large 
sC:lle, and know nothing about the deptll of tho water outside 
the reefs, 1I0r about the ~lopc of the encircled land, I C'Innot 
judge whether they properly CODlC under the barrier class. 
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BABUYANISLANDs.-Horsburgh says (vol. ii. p. 442) coral_ 
reds line the shores of the harbour in Fuga j and the charta 
show there arc otllCr reef.~ ahont these islands. Camiguifl has 
its shore in p."l.rts lined by coral-rock (Horshurgh, p. 443) j and 
about a mile off ~hore the depth is between 30 and 35 fatllOms. 
The plan of Port San Pia Quinto shows that its morC/! are 
fringed with coml; coloured rcd.-BASHEF- ISLANDs: lIors
burgh, spe."l.king of the lIOuthern part of the group (vol. ii. 
p. 445), s."l.ys the shores of both islands are fortified by a reef; 
and tlll'ough some of the gaps in it the natives can pass in 
their boats in fine weathor; the bottom nenr the land is coral
rock. :From the published charts, it iii evident dlat sevem} 
of these islands are regularly fringed j coloured red. The 
northern islands arc left; uncoloured, as I have been mmble to 
find any account of them._FoRyosA : the shores, especially 
the western one, seem composed chiefly of mild and sand, and 
I cannot make out that they are anywhero lined by reefs, ex
cept in a harbonr (Horsburgh, vol. ii. p. 449) at the extreme 
northern point: hence, of course, the whole of this iBhmd is left 
nncoloured. The small adjoining islands are in the same case. 
-PATCHOW, OR MADJIKO·SDI.'-- GROUPS:' Patchuson." Captain 
Brougllton says (Voyage to the N. Pacific, p. 191) that bwts, 
with some difficulty, can pass through the coral-reefs, which 
extend along the coast, nearly lmlf a mile of}' it. IIill boatll were 
well ~eltered within the reef; but it does not appear that the 
warer is deep there. Outside the reef the depth is very irregu· 
lar, varying from 5 to 50 fathom8 j the form of the land is not 
very abrupt j coloured rcd.-Taypin-san: from the descrip
tion given by the s."l.mo author (p. 1':)5) it appears that a 
very irregular reef extends from the southern island to the 
distance of several miles; but whether it encircles a space of 
deep water is not evident; nor, indeed, whether these outly
ing reefs aro connected with those more immediately adjoining 
the land; left uncoloured. I may here add that the sbore of 
Kumi (lying west of Patellow) bas a narrow reef att .. 1.cbed to 
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it in the plan, in La Peyrouse's Atlas; but in tho account of 
the voyage it is not stated to be of coral; uncoloured.-Lao 
CHao: tho greater part of tho coast of tllis moderately hilly 
island is skirted by roofs, which do not extend far from the 
shore, and which do not leave n cllll.nncl of deep water within 
them, M may be seen in the charts accompanying Captain 13. 
Hall's Voyage to Loa Chao (see also remarks in Appendix, 
p. xxi. and xxv.) There are, however, !lOme ports with deep 
water, formed by reefs in front of the valleys, in the same 
manner as happens at Mauritius. Captain Beechey, in a letter 
to mo, compares these reefs with those encircling the Society 
I slands; but tllere appears to be a mnrked difference between 
tllf:lm, in the Jess distance l I t which the Loo Choo reefs lio from 
tbe land with relation to the probable submarine inclination 
of the laud, and in the absence of all intorior deep-water 
channel. lIenee 1 Ilave classed these reefs with fringing-reefs, 
lmd coloUl'ed them red.-P Esc .... DOIlES (west of Formosa): 
Dampier (vol. i. p. 416) has compared the appearance of 
these islands to the !lOuthern parts of England; they are inter
laced with coral-reefs; but as the water is very shoal, and as 
spits of sand and gravel (Horsburgh, vol. ii. p. ( 50) extend f,Ir 
out from them, it is impossible to decide whether the reefs are 
of cornl. 

CHINA Su.-P rocecdiug from north to south, we fi rst 
meet the P ratas Shoal (lat. 200 N.), whicll , aocording to HOM!-
burgh (vol. ii. p. 335), is CQlllposed of eOI'llI, is of a circular 
fcrw, and has a low islet on it. 'l'he reef is 011 a Jevel with 
tho water's edge, and when lhe sea runs high, there aro 
bre.'lkers nearly all round; 'the water within seems pretty 
de(.'P in !!Orne places; although steep in most parts outside, 
there appear to be several parts where a ship might find 
anchorage outside the breakers; 'coloured blue.-T he Para· 
cells have been accuratcly surveyed by C.'1.j>tain D. Ross, and 
oharts on a large scale published : only II- few low illlel:8 have 
been forwed on these shoal~ and Ihis seems to be a general 
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eireumstnDoo in the Chinn Sea; the sea elO8e outside these reef!! 
i!J deep; f!everal of them have II. lagoon·liko structure; in 
other cases separate isleUl (PraWe, Robert, Dnmlmo1ld, &e.) 
are 80 arranged round n moclerntdy shnllow spacc as to ap. 
pear lUi if they had once formed one Inrgo Moll-Bombay 
Shoal (ono of the Pnracella) ~ tho fonn of an aunular reef, 
and is' apparently deep within;' itscCffiS to havo :UI entrance 
(llorsburgh, vol. ii. p. 332) on the wcst side; it is very steep 
outside.-Di8col.'ery Shonl, also, is of nn ov:11 form, with a 
lagoon-like sp.'tce within, and throe openingslearling into it, in 
which there is a depth from 2 to 20 fathoms. Outside, 
at the distancc (lIo~burgb, vol. ii. p. 333) of only 20 
yards from the reef,80unding1l could not be obt.-uned. Tho 
Paracelhs are coloured bluc.-;lfacc!uJuld Bank is a coral 
bank of groat aire, lying cast of Lho l'arncells; somo parts arc 
le\'ol, with a sandy bottom, but generally Lbe deptll is Wlry 

irregular, and intersected I>y deep channels; DoL eolol/red._ 
Scarborough Sho.'tl: tllis cornl ehoal is engraved with a 
double row of croil8OS, forming a circle, lUI if thero was deep 
water within the reef: clO8O outside no bottom was found 
with a hundred futhoms; coloured blne._'l'he lICa off tho 
wcst co.'IJ!t of Palawan and the northem IlI.lrt of Borneo is 
strewed with shoal.!!: Swallow SIIMI, according to llorsburgh 
(vol. ii. p . .J 31), ' is fonned, likt. mOlt o[ the shoals herrobouts, 
of n belt of coral-rocks, with a b.'tsill of deeper water within.' 
-lIalf~Moon Shoal hM n similar structure; Cnptain D. Ross 
dcacribes it as a llarrow belt of coral-rock, ' with a basin of 
d~pcr water in the ~utre; and doep &ell close out8idc.-BOfn_ 
boy Shoal appeartl (Horsburgh, \'01. ii. p . .J32) 'to be a basin 
of smooth water lIurrounded by breakers.' I havo coloured 
tllcse three shoals blue.-Tho Paraqua8 ShoalK are of a cir
eubr form, with doop gaps running throu~h them; not 
coloured. A bank, gradually shoaling to tho depth of 30 
fUlhoms, e;rtcnds to a distance of about 20 mileil from tile 
northe.rn pout of BorfltO, and to 30 miles from the nonhero 
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part of Patalcan; nCo1.r the land this hank appears tolerably 
f.roc from danger, but a little further out is tllickly stnddcd 
with ooral-reef8, which do not generfll\y rise to tho l!Urf.1ce j 
some of them are very steer, whilst others have a fringe of 
sllool_water round them. I should have thought that these 
shoals had level surfaces, hlld it not been for a statement mado 
by Horsburgh, 'that most of the shoals hereabouts are formed 
of a belt of coral:' I have not coloured them._T he coa;;ta 
of Cllilla, 'l'QIl'll/ill, and Coc!lin_China, forming the weBtern 
boundary of the Cilina Sea, appc.1r to be without reefs: with 
regard to the two last-mentioned ooasts, I judge from an ex
amination of the charts on n large scale in tile atlas of the 
VOYflge of the FalJ()ul'ile. 

INmAN OCEAY.-South i,celing ntoll has been specinlly 
described in my first cllllpter. Nine miles north of it lies 
North Keeling, a very small atoll, surveyed by the Beaut~, 
tbe lagoon of which is dry at low watcr.-Chris/m(ls Island, 
lying to tho cast, is a high island, without, as I hHye been 
informed, Hny reef.-Cr.YJ.QN: a l>pace of about 80 miles 
in length on the 8Outh~westcrn and southern shores of tlleso 
islands has been described by :Mr. Twynam (Nallt. Mag. 
1836, pp. 365 and 518); and parts appear to be regularly 
fringed by coral~reefs, which extend from a quarter to half 
a mile from tIle shore. 'rhe~ rcefs arc in places breached, 
and afford safe anchorage for tho small trading craft. Outside, 
tho sen gradually deepens; thero is 40 fathoms about six 
miles off shore: I have coloured thcse reefs red. In the 
publishedebarts of Ceylon, reefs also appear to fringe !!evcral 
parts of the south-eastern shores, coloured rcd.-At Venloos 
Bay the shore is likewise fringed. North of Trincomaleo 
there are al~ reefs of the !l.1Ole character. l'ho sea off tho 
northern part of Ceylon is exceedingly shallow; and there
fore I have not coloured the reefs which partially fringe por
tions of the shores, and tho a.djoining islets, as well lUI the 
Indian promontory of J,faJura. 
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CUAOOS, :\[ALDlV,\, ASI) LACCADIV): ARCIIll'£LAGOES.-Thcse 

three great groups of atollll and ntoll·formed hlmks, l.ave ~n 
often referred to in this volume, and are now well known from 
the admil'llble ~urveyll of Captain 1\Iol'i!8by nnd Lieut. Powell. 
Their published cllnrtll are worthy of tho most attentive ex
amination. In the Laccadit'e group, the ntoll·liko Slnlcturc 
is lCll8 ovident than in the ;\[uldiv/UJ i ncvertheles3 the islands 
are ulllow, not exceeding the ullual height of col'll l formations 
(see Lil!ut. Wood's account, Goograph. Jonrn. vol. vi. p. 29), 
and moat of the reeliillrc cITeuI..'\r; within several of them, all 
l!lm informed by Capt.'lin Moresby, tbere ill deepish water j 
th~, therefore, have been colourod blue. Directly north ot" 
tile Laccadi\'es, and almost forming part of the same group, 
thero is II long, narrow, slightly·curved bank, rising out of 
the depths of tllc ocean, cowposed of Mnd shellll and decayed 
coral, with from 28 to 80 fathoms on it·. I hnve no douht 
tlwt it I'RS lind the snme origin with the other atoll· like 
~lnks; but:1.I:I it dOCll not deepen towardll tho centre, I have 
not colonred it. I might Illwe referred to other nutllOritiee 
reg'.lr<iing these three archipelagoes; but nfter the pllblicntion 
of the chart~ by Cuptain :l[oresby (to whose per80o.a.I kind
DCS8 in giving lUe much information I am exceedingly in· 
dehled), this would have heell IlUperlluolls. 

Tho S"lu"a de .M,,{ha Bank consilltll of a aeries of narrow 
banks, with from 8 to l(l fathoms Oil them; they are arranged 
in n semi--circlliar lU:mner, round a space :about 40 fathoms 
in deptl., aloping to the S.E. to unfi:lthomable deptha; they 
are steep on both sides, hllt more espeoially on tho ocean· 
Aide. Hence this b.'lOk closoly resembles in structure, and 
I ma.y add from Cuptain MorCflby'alnformation in composition, 
Pitt's Bonk in the Chagoa group; and Pitt'll Bank must, from 
what we know about the great Chagos Bank. be considered 
M n mnkcn, half.destroyed atoll; hence coloured blue.
Caryado, Carajo' Bank: its !!Outhorn portion consist.!! of a 
large, curved ooral.!lhonl, with «,we low illtet8 on the castem 

I< 
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edge, and likewise some on tllO western eoide, between which 
there is a depth of about 12 fathoms; northward, a great 
bank extends. I cannot (probably owing to the want of per
fect charts) refer tbis reef and bank to any class; therefore 
not coloured.-Ile de Sable is R littJe island, lying west of C. 
Camjos, only some toiscs in height (Voyage of the Faoourite, 
vol. i. p. 130); it is surrounded by reefs; but it~ structure is 
unintelligible to me. There arc some small banks north of it, 
of whieh I can find no clear account.-Mauritius: the reefs 
round thig island Imve been described in the chapter on fring
ing-reefg; coloured red.-Rodrigue;;: the eoral-reefa here 
are "ery e:'ttengi"e; in one part they project even five miles 
from the shore. As far as I can make out, there is no deep
water channel wi~hin them; and the sea outside does not 
deepen very suddenly. The outline, however, of tIle land 
appearg to be (Life of Sir ,T, Makintosh, vol. ii. p. ] 65) 
hilly and rugged. I am llnable to decide whether tllCso 
reefs belong to the b.'l.rricr class:, as seems probablo from 
thoir gre.'lt extension, or to the fringing ehk"ll; uncoloured. 
Bouroon: tIle greater part of tIle shores of this island arc 
without reefs; but Captain Carmichael (Hooker's Bot. MiRe.) 
states that a portion, 15 miles in length, on tllO S.B. lIidc, 
is imperfectly fringed with coral-reefs; I have !lot thought 
tllis lIufficient evidence for colouring the island. 

SF.YCIIT.LLEs.-Thc rocky islands of primary formation, 
composing this group, ril'lC from a "cry extensi"e and toler
:_bly level bank, hndng a depth of between 20 and 40 
fnthoms. In Captain Owen's elmn, and in that in the atlas 
of the Voyage of the Favourite, it appears tll:lt the ('aRt side 
of Mall! and the adjoining islets of St. Aline and Cerf, are 
regulariy fringed by eoral-reef~. A portion of the S.E. part 
of Cu/'ieu6e Island, the N. and part of tIle S.W. sllOfC of 
Pr(JsiiIlIsJand, :md the whole west @ideof Dig/le Island, appear 
fringcil. :From a 1\[S. accol\nt oftbese islands by Captain F. 
Moresby, in the Admiralty, it appenrs that Silhouette is also 
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fringClI ; be slat~s that all these islands are formed of granite 
and qu.1rtz, thnt they risc abruptly from the eca, and tllnt 
'coral-reds 113\·0 grown round them, find project for IOlll0 

distance.' Dr. Allnn of Forres, wllo vis.itcd these isltwds, 
informs m<: that ~llere is no deep WilIer betweon the reefs aud 
the sllore. 'rhe above specified points have been coloured 
red. Amiraliltl Islands: the small islands of this neigh
bourillg. group, according to the )18. account of them by 
Capulin F. Moresby, are situated on an extensive b..1uk; they 
consist of the debris of eornls and shells; they are only about 
20 feet in height, and nrc ell\'ironoo by reefs, some attached 
to the shore, and some mther distant from it.-I have t..-Iken 
pains to proem!! plans nnd information regarding tbo severnl 
islllndll which lio to Hie S.E. and S.W. of tbe SeyehellCil; 
from accounts given mo by Captnin }<'. Moresby and Dr. Allan, 
it appe.1rll tllat tile 17ca.tcr number-namely, Platte, Alp/lOMe, 
Cottivi, Ga.lefla., Providence, St. Pierre, Astova, .Assomption, 
and Glorioso-arc low, formcdofsnnd orcoral-rock,nnd irregu
larly shaped; they are ~ituatc<l. on "ery extensivc banks, and 
are in connection widl grCO.lt eorill-recf~. Galega is said by 
Dr. Allan to be rather higher tllan the others; and St. 
Pierre iI} described by Captain Ii'. MorCllby as being cavcrnous. 
throughout, and as not consisting of either limestone or 
granite. ThCSl.! islands, as well ns the Amirnntes, certainly 
are not atoll-formed, and Uley seem to differ frolu all otller 
group;!; I ha\'C not coloured them; but probably the rce£s 
belong to U.e fringing. class. Their formation is attribulcd' 
both by Dr. Allan and Captain F. )Ioresby, to tho action of tIle 
currents, here exceedingly violent, on banks which no doubt 
have harl an independent geological origin. They resemble 
in many respects 8Qme of the islands and banks in the 'Vest 
Indies, which owe their origili to n similar agency, in conjunc
tion wilh an c1evatiou of the entire arca. ] n close vicinity to 
the above sol'eral islands, there arc t1uee others of an np
parently dillerent nature; first., Jllalj de Nom, which appears 
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from some plans and ace<lllnts to be an atoll, but from others 
this docs not appear 10 he the Cflse; Ilot coloured . Secondly, 
Cosmoledo: 'tills grollp consists ofa riog of coral, ten leagues 
in circumference, and a qllflrter of a mile broad ill some plalX's, 
inclosing a magnificcJ;lt lagoon, into which there did not appear 
a Bingle opelling' (llorsburgh, vol. i. p. 15 1); coloured blue. 
Thirdly, Aldabra .. consists of three islets, about 25 feet in 
height, with red cliffs (Horsbllrgh, vol. i . p. 176), surround
ing a very shallow basin or lagoon. T he sea is profoundly 
deep close to the RllOre. Viewing this island in a chart, it 
would be thought to he an atoll; but the foregoing descrip
tion I\hows that there is something different in iUl nature; Dr. 
Allan also states that it is cavernous, find that the cornl-rook 
lIas a vitrified appearance. Is it an upheaved atoll, or the 
crater of:\ voicano?-ullcoloured. 

Co}!QRO GRour.-Mayotta, uccording to lIorsburgh (vol. i. 
p. 216, 4th edit.), is completely ~urrounded by a rcef, which 
runs fit the distance of three, four, and in IiIOwe plaees even 
fivo miles from the land; in an old chart, published by 
Dalrymille, a depth in many placea of 36 and 38 fathoms is 
laid down within the reef. In the 1!..1me chart, the space of 
open water within the r('Of is in some parts even more than 
three milcs wide: tbe land is bold and peaked j tbis i~land , 

therefore, is encircled by (1 well-characterized barrier-reef, 
and is coloured pale blue.-Johalllla: Horsburgh 1>o1YS (vol. i. 
p. 217), this island from the N.W. to the S.W. point, is 
bounded by a reef, at the distance of two miles from the 
shore; in some parts, however, tbe reef mu~t be attached, 
!!ince Lieut. Boteler (Narr . vol. i. p. 161) describes a pas.'lage 
through it, within which there is room only for a few boats. 
I ra height, as I am informed by Dr. Allan, is about 3,500 
feet; it is very precipitous, and is compo!!ed. of granite, 
greenstone, and quartz; coloured blue.- }.[ohilla: on the 
S. side of this island there i! anchornge between a reef and 
the shore in from 30 to 45 fathom! (Horsburgb, vol. i. 
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p. 2H); it appears also 1lncirdcd in Capt.'lin Owen's chart of 
Mooagascur; coloured blue.-Grtot COIllOro Island is, as I 
nm informed by Dr. Allan, about 8,000 feet high, und ap
parently volcanic; it ill not regularly encircled; but reef~ 
of various shl~]X!S and dimensions jut out from every head
land on the W., S., and S.R co.1Sts, inside of which reef" 
there are channels,ofte!). p.wallel wi!ll the shore, with deep 
water. On the N.W. coasts the reef" appear ntta.cbed to tIle 
shore. 'I'he lund ne.'lr the crust is in some places bold, but 
generally spc;lkillg it i~ flat; Horsbllrgh says (vol. i. 
p. 214), the water i~ profoundly deep close to the shore, from 
whicll exp«,saion I prt'sllllle some parti! are witilout reefs. 
From tMII description, I apprehend the reef belongs to the 
barrier class; bllt I have not coloured it, as most of the 
charts wllich 1 hn,'e seen represent the reef~ round it as very 
much le~s extensive tkm rolllld tIle other islllndsof the group. 

l\r.~D'\(lASCAT:.-1\[y informAtion is chiefly derived from the 
pUblished chart.~ by Captain Owen, And the account:! given by 
him and by Lieut. Boteler. C~lIlmencing at the S.W. ex
tr<lmity of tho island: tow(u'dil th<lllorthem pnrt of Star Bank 
(in Int. 25° S.) the coast for ten miles ill fringed by a. reef; 
coloured red. The shore immediately S. of St. All!JIISfbl'S 

Bay lIppt'ars fringed; but Tuillor Harbour, directly N. of it, 
ill formed by a nrlrTOW reef ten milc..~ long, e~tending parallel 
to the shore, witll from 4 to 10 fathoms within it. Ir this 
reef had been more extensive, it IlIU~t hll\'e Jx>cn elnssed as a 
barrier.reef; but as the line of COllst faits inwllrds here, Il. 

submarine bank p-<lrhaps extcnds pnrnllel to the shorc, which 
has offered a foundation for the growth of the cortll; I have 
l<lft this part uncoloured. From lat. 22° 16' to 21° 37', the 
sllore is fringed by coml·ree£s (sec Li<lut. Boteler's Narmtive, 
vol. ii. p. lOG), leS!! than Il mile in width, and with shallow 
wllter within. 'I'here are outlying coral sllo.'lls in several 
parla of the offing, with about 10 filthoms betwt'en them and 
Ihe shore, and the depth of the setl one mile and a lIulf &efI.-
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ward, is only about 30 fathom.s. The part above ~peci1ied i~ 
engraved on a large scale; and as in the clwrts on ralller a 
smaller Beale tho same fringe of reef extendll as flit as lat. 
33° 15', I have coloured the whole of thill part of the COMt 
red. '.fhe islands of Juan d~ Nova (in lat. 17Q S.) appear in 
the charts on a large scale to be fringed, but r have 1I0t been 
able to ascertain whether the reefs aro of coral; uncoloured. 
T he main part of the west coast appears to be low, with out
lying sand banks, which Licut. Boteler (vol. ii. p. 106) says, 
'are faced on the edge of deep wat .. r by a line of sharp-pointed 
coral-rocks.' Neverthcle!!ll I have not coloured this part, as I 
cannot make out by the charta that the coa~t itself is fringed. 
The he:,dlands of NaJ'r~l!da and l'us~andava Bays (14.0 40') 
and tile islaflds in front of Rada1llu '!arbo1/!' are presented in 
the plam as regularly fringed, and have accordingly been 
coloured red. ·With respect to the East coast oj Afddagascar, 
Dr. AJlan inforws we, that tllC wlloJe line of coast, from Tatn
atave in 180 12' to C. Amber at the extreme northern point of 
the island, is bordered by coral-rcef8. 'I'he land is low, un· 
even, and gradually ri~cs f rom the coast. :FrOIil Captaiu 
Owen's charts, the existence of reefs, which evidently belong to 
the fringing class, N. of British SOlmd and ncar Ngonc!J, migllt 
also IHl,Ve becn inferred . Lieut. Boteler (vol. i. p. 155) ~peaks 
of 'the reef surrounding the island of St. ~llar!/'8 at a small 
distance from the ~hore.' In a previous chapter I have de
scribed, from the information of Dr. Allan, the wanner in 
which the reefs extend in N.E. lines from the headlands on 
this coast, thus sometimes forming rather deep channclR within 
them: this seems CUUl!ed by the cUIrcnts, the reefs springing 
up from tho snbmarine prolongations of the sandy headlands. 
The above specified portion of thc coa~t is coloured red. T he 
remaining S.B. portions do not appear in any published chart 
to possess reefs of any ldnd; and the Hev. W. Ellis believes 
tlmt there arc llone. 

EAsr COAST or lHHlCA.-Tlle northern part.\! appear, for 
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a considerable space, to be without rccfs. My information, I 
may obl!crve, is derived from the survey by C1ptain Owen, 
together with llis Narrativ('; and that by Lieut. Boteler. At 
J.lfllkduslla (2" I' N.) thero is a corAl-reef e:xtending four or 
£vo miles along the ~hore (Owen's Nar. vol. i. p. 857), which 
in tIle chArt lies at a distance of fL quarter of a mile from the 
shore, and has within it from r, to 10 feet of water: tllis thon 
is a fringing-reef and is coloured red. From Jubu, 11 little S. 

of the equator, to Lamoo (in 2° 20' S.) 'the ooa8t and islands 
arc formed of madrepore' (Owen's Narrative, vol. i. p. 363). 
The clmrt of this part (entitled DU'lda8 I!!Iands) pre8Cnts an 
e.xtraordillnry appearance; the eonat of the mainland is quite 
litmight, and is fronted at the average distance of two miles, 
by e:xcet.-dingly narrow, straight ish,ti, fringed with reefs. 
Within this cllain of i!!Iels, there arc extensive tidal flats and 
muddy OOys, into which many rivers enter: the depth of these 
spaces varies from one to four fathoms-the latter depth not 
being common, and about 12 feet the average. Outside 
the chain ' of islets, the sea, at the distanoo of a mile, varies 
in deptll from 8 to 15 fatlLoms. Lieut. Boteler (Nar. 
vol. i. p. 369) dc.scribc.s the muddy bay of Palla, which !!Oems 
to resemble otller lmrts of the cowrt, ~ fronted by small, nar
row, levcl islets formed of dCCQmpo~ing coral, the margin of 
whieh is seldom of grC.1tcr height than 12 feet, overhang
ing the rocky surface from which the islets rise. Knowing 
thnt the islcts arc formed of cornl, it is I think l5Carcely possible 
to view the coast, lind not at once conclude that we here see a 
fringing-r~f, which has been uprnised II few feet: the unusual 
depth pf from two to four fathoms within !lOme of theSt! islets, 
is probably due to tIle mud oftbe riveril having prevented the 
growth of coral nc. .. r the shore. As several parts of this line 
of COMt 31"(l undoubtedly fringed by living reefs, 1 have 
coloured it red.-MaZanda (3° 20' S.) : in tllo plan of the 
harbour, the BOut!l headlmid appp.rs fringed j and in Owen's 
chart on II. larger scale, tllO reds are SC(:n to e."I;tend nearly 
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30 miles southwllrdj coloured red. J1£omba, ( ,)0 5' S.): 
the island which forms rue harbour' iSSUlTOundcd by cliffs 
of mndreporo, capablo of bting rendered nlmost impregnablo' 
(Owen's Nar. voJ. i. p 412). The shore of the main ltmd, 
N. :md S. of Mombn-S, i& regularly fringed by n coml·reefnt n 
distance from llllif a milo to II- mile and a quarter from the 
land; within tho reef the depth is froUi 9 to 15 foct; 
outside the ~f tho deptll lit rather lellS than hnlf a mile is 
30 fathom!!. From the charts it appears that II eJXlco about 
36 miles in length, ill here fringed j coloured red.-Ptmba 
(50 S.) is au isbud of coml formation, Ic\'cJ, and about 
200 feet in heigh~ (Owen's Nar. vol. i. p. 42:"1) j it is 35 miles 
long, and is scparnted from tlle mllin land by a doop!!ro. Tho 
.outer coast is rcpre&Cnted in the charts as regularly fringed j 

coloured red. The mainland in front of Pelllba is likewise 
fringed.-Zan.:ibar re&Cmblcs P embn in most respects ; ita 
BOuthern half on the wostern side nnd the m·igllbouring isleta 
aro fringed j coloured red. On the main IUlId, n little S. of 
Zanzibar, thero are I:\Ilmo banks pnrnlld to the coast, which I 
SllOlUd lJave thought had been formed of cor:lI, had it not been 
said (Boteler'lI Nar. v91. ii. p. 89) thnt they were composed of 
sand: notcoloured.-Latham's Dank ill a small island fringed 
by cornl.reef!\; but being only 10 fC(!t high it has not been 
coloured.-Monfua is an island of the salnO ebarocter 118 

Pemba: ita outer shore is fringed , and its llOutberl\ extremity 
is connected with Keehm Point on the main land by a cllnin 
of islands fringed by reefs j coloured red. Tho fOllr last·men· 
tionoo isllUlds resemblo in muny rct>pCCta somo of the islands 
in tho Ued Sea, which will prcsently be describoo._/{et:lwa: 
in a plao of the allorc, a space of 20 miles N. and S. of this 
pla.co is fringed by rocf~, nppnrently of coral; those reef~ are 
prolonged still further southward in Owcn's general cllart. III 

the plans of the rivers Ljndy and MOII!lhow (90 59' and 100 7' 
S.) the const scems to hnve the s.1me structure, coloured rcd.
Q~trill!ba blands (from 10° 40' to 130 S.): 1\ chart on n 
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large scale is given of these islandB; tlley nre low and of coral 
formntion (Boteler's Nar, l'ol. ii. p. 54); and gel\erally have 
extensive reem projecting from them, whie!l arc dry at low 
water, and which On tlle outside rise tlbruptly from a deep 
sea; on the inside they are separated from the continent by a 
c!mnnel, or rather a succp.ssion of bays, with an average deptlL 
of 10 fathoms. The fIlIlall he3dlands on the coutinent also 
have eorallmnks 3uached to them; tuld the Quorimba i~ands 
and bl.lnb are placed on tho line of prolongation of thc!!C head. 
lauds, lind are separated from thew by vcry sllallolV channels. 
It is evident tllut wlHloovercamse, wlu.!thcr the drifting ofscdi
J))eut or subterranean movements, produced the headland!', like
wise produced, as might hal'o been expected, submarine prolon
gations to tllcm; and these towards their outer extremities have 
I!inee afforded a fh.vourfLble basis for tho growth of coral-recf8, 
an(l sub!ICqllentJy for tJlO formation of islets. As these reefs 
clearly belong to the fringing class, the Querimba Islands 
lmve been coloured red.-i\lOIll.llJila (130 32' S.) : in the plan 
of this harbour, the headlands outside aro fringed by roel;; 
apparently o£ coral; coloured red.-~l[o.:ambique (15° S.) : the 
outer pnrt of the island on which tIle city is built, and the 
neighbouring islands arc fringed by coral-reefs; coloured red. 
From tllO de..-«cription given in Owen's Nar. (vol. i. p. 162) the 
ahore from .J.l[o::umbi'jlJc to Ddu!JO<J Bay apprors to be low and 
8:lody; mnny of the shoals ~lOd islctsol'Pthis line of coast arc 
of coral formation; but from their small size and lowness, it is 
1l0t poSllible, from the charb, 10 know whether they are truly 
fringed. lIenee this portion of ooru!t is left uncoloured, as are 
likewise those parts more northward, of which no mentiOll has 
been made in tho foregoing p:lges, from the want of informa
tion. 

PEltSJAN GULr.-From the charts lately pllblisllCd ou a 
large sc:lle by the East Indian Company, it nppears thut several 
p..'lrIS, especially the southern sllorcs, arc fringed by coral-reef!!; 
hut a~ the water is very shaJlolV, :md as there are numerous 
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s.'lnd-oonk$, which tire difficult to distinguish on the cllnrt from 
I'C(lfs, I !mve not coloured the upper part red. Towards the 
mouth, however, where the wnter is r.lther deeper, the isJandll 
of Onnuz and Larrack, ilppenr so regularly fringed, that [ 
have coloured them red. Tllerc arc certainly no atolls in the 
Persian Gulf. The RhorCll of III/mal/III, alld of the promonrory 
forming the sout)\Crn heildland of the Persian Gulf, !!C~rn to be 
without rccfis. The whole S.W. P'lrt of Arabia Ftlix, except 
one or two small patches, and the shores of Sowlra appear 
from the charts and the memoir of Cnpt.'l.in HainC8 (Goograph . 
J ourn. 1839, p. 125) to he without reefs. I believe there aro 
no extensivo coral-reefs on any part of the coasts of Imiia, ex
cept on the low pr("!mOntOI'Y of Madura (as already mentioned) 
in froDt of Ceylon. 

HED SEA.-?tIy information is chiefly derived from the 
admirnblc charts published by the East India Compauy in 
1836, from per80llal communication with Cnptain Moresby, OM 
of the surveyors, and from the excellent memoir, 'Ueber die 
Natur del' Corallen-Dfinken des Rothen ?l lcclW,' by Ehren
berg. The plains immediately bc.rdering the Red Sea seem 
to cou$ist chiefly of II. sedimentary formation of tIle newer ter
tiary period. '1'he shore is, Witll tlH~ ex~ption of a few p.1r ta, 
fringed by coml-re<!fs. 'rho water is sen~mUy profoundly 
deep close ro the shore; but this fact, which has attracted tho 
:\ttcntion of most voyagcI'l!, i!eClllfl to hiwe no necessary connec
tion with the presence of reel is ; for Cap"'lin Moresby pmticu
larty observed that, in lat. 240 10' on the ('ftsteru side, there is 
a piece of coast with very deep water close to it, without any 
roefs, but not differing in any other respect from the usual 
<:O"-\.8t line. Tho mO!'lt remarbble feature in the Red SeD. is 
IIle chain of submerged b:lnks, reds, :rntl islands, lying some 
w~y from the shore, elliefly Oil the eastern side j the space 
within being deep enoug)l to admiL safe navigation in small 
"essels. The banks are gcnerolly of an oval form, :lDd some 
111iles in width; bllt some of them tiro very long ill proportion 
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to tllCir width. Captain Moresby informs mc that nny onc who 
had not made actual plans of them, would be apt to tIl ink that 
they were much more elongated than thoy really are. Many 
of them rise to the 8urulce, but the grcat(!r number lie from 
5 to 30 fathoms beneath it, with irregular soundings Oil thelll. 
They consist of sand and living coral; the latt~r in mostcascs, 
aocording to Captain Moresby, covering tho greuter part of their 
~urface. 'l'hcy Q."{t(:nd p1lmlld to the sllore. and arc nOt un
frequently connected in th~ir middle parts by short transverse 
banks with the main land. The sea is gcncr..tlly profoundly 
Jecp quit(: elose to thew, as it is near most parts of the coast 
of the wllin lnnd i but this is not wliversally tlle case, for be
tween lat. Uio and 17° the water deepens quit(! gt"Jdtmlly from 
the banks, both ou the eastern and \\"e~t(!rn sllores. In lIlany 
parts islnnds rise from the banks; tllOY ure loll', flat-topped, 
and consist of the sume horizontally stratified formation with 
that forming the plain-like margin of the main land. Some of 
the smaller and lower islands consist of mero s:md. Captain 
Moresby informs me that small masses of rock, the relunants 
of islands, nre left on many of the banks where there is now 
no dry land. Ehrenberg also assert~ Ihat most of the islets, 
ev~en the lowest, have a flat abraded basis, composed of the 
!':tme tertiary fo rmtltion :UI elsewllere: he bolieve~ that as soon 
as the ~urf WeRrs down the protuberant parts of the banks to 
just ben~ath the level of the sea, the surface becomes protected 
from further abrasion by the growth of coral, aud he thus 
accounts for the existence of so mallY banks I!tanding on a level 
with tho surface of this sea. It appears that most of the islands 
:In:! certainly docrea~ing in si>:e. 

The lxmks and isialld3 arc curiously Allaped in the parts 
just referred to, namely, from lat. 15<> to 1 i~, where the sea 
deepens quilo gradually: the Dhulac group, on tho western 
eoa:lt, is ~lIrro\lndcd by an intricate archipelago of islets and 
shoals; the main island is irregular in outline, and includes a 
bay seven miles long, by four across, in wh ich 110 bottom was 
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found with 252 feet; there is only one entrance into h, half (1 

milo wide, and with nn island in front. 'fho submerged banks 
on the eaBtern eoa~t, within the same latitudes, round Far~all 
I&land, are, liktmi5C, penetrated by many Imrrow ereekll of de~p 
water; onc i8 twelve milo8 long, in the form of a hatchet, and 
dose to its broad upper end, lIOundings were not struck with 3GO 
feet; it!! entrance is only h81f a mile wide. I n another creek o£ 
the same nnture, but even with a moro irregular outline, thero 
was no botrom with 480 feet. T ho islalld of Farsan itllClf, 
haa as singlliar a lorm 8.'1 any of its surrounding bank~ . The 
bottom of the fICa round the D halac and li'llWln Island.!! con
siaL! chiefly of ~md and agglntinated fragments of coral, but, 
in tho deep and narTOW creeks, it consists of mud j the islands 
consist of thin, hori1.ontally stratified, modern tertiary beds, 
containing but little broken coral j I their lIhores are fringed 
by living coral-ree.h. 

From the account given by W.lppetl t of the manner in 
which Dhalac i~ rent hy fissures, the oppo~ite sides of wllich 
have been unequally elevated (in one inst:mee to the amount 
of 50 feet), it 8Cems probable that thi8 irregular form, as well 
118 that of Fal"AAn, may have been partlyeaused by um .. -qual 
elevation; but, considering tho genera.! form of the bankfl, and 
of the <leep--wuter creeks, together wi~h the composition of tho 
land, I think their configuration is more probably due in great 
part to currents having drifted sediment over un uneven bot
tom. It i~ almost certain that their form cannot be attributed 
to the growth of cornl. The greater number of banks on the 
eastern side of the Red Sea feCmsto have originated in nearly 
the Mme manner, whatever this may ~ave been, as the 
Dhalac and Fnrsan archipelagoes. I judge of this from their 
Aimilar configuration (in proof of which I lllay instanco a 
b..'l.nk on the east cou~t in lat. 22°) and from their similar com_ 
position. The depth, however, within the banks northward of 

, Riippell, Reiae in Abyuinie, band i ... 2011. • Ibid. ~. 24ii. 
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Jat. 170 is Wlllnlly grmter, and their onter "ides ahelve more 
abruptly (eircllnlllt:'l.nCCll which seem to go together) than in 
tho Dhalae lind Fnrmn archipelagoell; but thia may have been 
caused by n stronger action of the currents dnring their forma
tion: moreover, tho greater abundance of living coral on the 
northern bnnkllt tends to give them steeper rn!lrgins. 

From this account, brief !lnd imperfect 1\8 it illt we can 
I'CC that the great ch.-lin of banks on the trultern side of the 
Red Sen, nnd on the weste:m side of the southern portion, 
differ greatly from truo bnrrier-rcef~ which nre wholly formed 
by the growth of C(lmJ. Ehrenberg:l.Uo concludes (Ueber die, 
&e. pp. 45 nnd 51) that tilC:8(l oonks o\ve th('ir origiu iu a 
quite IleC()ndnry mnollCr to tlill growth of coml. Ho rcmarb 
that the islunds 01T the coast of Norwny, if worn down level 
with die SCil, Hud merely (!U;ltcd with Ih'ing coml, wouId prc
~I\t :l. I\c:lrly si.nilnr appc.'UlIlleo. It 8OCm~. however, from 
information given me by Dr. Mnlcolmsou nnd CapUlin MotCllby, 
tllllt Ehrenhcrg hilS mLlJ(lt under-ruted the influence of 
cornl!) 00 the formation of tho tertiary deposits of the Red 
Be,. 

The West Coa,t oj the Red Sea betwulI La/. 10;)° alld 22°. 
-Ueejit exist here, which, if 1 lUld known nothing of the 
others in tho Hed Sea, I should unhCl!li1:ltingly have considered 
1\8 oorrier.roofs. Ono of these reef", in 200 15', is twenty 
miles long, lees tllan a mile in 'width (bnt exp.'mding at the 
northern end iDto n disk), a1ightly siououl\, flnd IX.mllel to the 
main land at tho di!ltnnoo of five milca from it, with "ery deep 
W:tter in!lide, eo that in one plaeo eoundmgs were not obtained 
with 205 fathomll. Some longuel further south, there i'4 
:mother very narrow reef, ten milea long, with other small 
portions of reef, north and eouth. almost connected with it; 
and within this line of rccf~ (as well t18 ontside) the water is 
profoundly deep. 1'here are aJl50 8Om6 SmtllJ linear :md sickle
formed recM, lying a little way out at sea. All these reefs arc 
covered. 1\8 I am informed by CapUlin Motellby, by living corals. 
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Here, theil, we have all the characU!r!I of reefs of the ban-ier 
class, {Iud some of the outlying rccf~ partially resemble atolls. 
1Ily only source of doubt arises from the uarrownc!\S and 
straightncSl! of tIle ~pits of sand IUld rock in the D halac and 
Farsan groupa; one ofthcsc spit.' in the former group is nearly 
flfteen miles long, only two broad, and is oordered on ench 
side with deep water; so tllat, if worn down by the Burf, and 
coated with living cor.lls, it would form a feef nearly similar 
to those within the 8ptlce under considcrntion. Nevertheless 
I cannot believe that tIle many small, isolated, and sickle
formed reef~, as well :18 otlu!_l"ll long, oC.1.rly straight, and vcry 
narrow, with the water unfathomably dccpcluse round them, 
could have been formed by comls merely coating banks of se<!i· 
ment or the nbrnded sm·races of irregularly shaped il'lant1s. 
I t !!Ccms more probable tlmt tile fOlmdatious of these rcef~ have 
subsided, aud that the corals, during their upward growth, ha\'C 
given to them their present forms. I have, therefore, with 
mlwh hesitation coloured this part blue. 

The TVa! Coast, from Lat. 22° to 24°._This part of the 
COnst (north of the spaec coloured blue on the map) is fronted 
by an irregularly shelving bank, from 10 to SO fathoms deep j 
numerous little reefs. some of wllich hnve tIle UIOst singular 
shapes, rise from this bank. Many of thom may have been 
formed by the growth of coml on small abraded i~lets; but 
!!Orne almost atoll-formed reefs ri~ing from dt!ep water nCUr a 
promontory in lat. 24°, arc prob.",blyallied to the barrier claSS. 
I hnYc not, however, vontured to colour thlli portion of OO-"'>;t 
blue.-On tile west coast, from lat. 19° to 17° (south of tIle 
spacc coloured bllle on the rn~p), there are many low isletil of 
small dimenaiotls, not much elongntcrl, and rising out of great 
dcpths at a distance (rom the coast : these cannot be du!'.SCd 

either with ntolls, or burrier, or fringing-reefs. 
Eus/em Cousf.-There nre m:my small outlying cornl

reefs along thi~ whole line of coast j but as the grc."'ter number 
rise from b.",nkg not very deeply submerged, tlleir origin, as 
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"e have JlCCn, may be due simply to tho growth of cornls on 
1m irregullll" abraded foundation. But between la.t. 180 and 
200 therfl nre IKl many linear, elliptic and extremely small 
recl"s, rining abruptly out of profound dopths, that the same 
reallOnll which led rue to colour a portion of tl10 west coast 
blue, Imvo induced me here to do tl10 Mme. TI,ere are some 
small outlyillg roefl! on the east CORst, 110rth of lat. 200 (tllO 
northern limit coloured blue), which rise from deep w3t('r; 
but lUI they are not numeroua, and u.s &e.·\rc('ly any of them 
are linear, I have left them uncoloured. 

In till' 'Olltlll!m part' vf the Red Sea, oons.idernble spaces 
of the main lund, and IIOme of tbe Dhalac islands, are sk.irted 
by reefl!, whicl!, ns I am infonned by Capuin Moresby, are of 
living conI], and haye all tbe cb:lrn.cters tlf tho fringing class. 
All tllere are llcro no outlying linear or lIickle-formcd reefs, 
rising out of Ilnf.1thomable depths, IllRve coloured thcse parts 
of thtl COIl!:!t rod. On similar grounds I havo coloured the 
7IfJrtl!cm part8 Of the wtsfern coos! (north of Int. 21 0 30') 
red, and likewillO tile shores of the chief part of the Gulf of 
Sue: . In tho Gulf of Acaba, as T am informed by Captain 
)loreaby, there are DO eornl-reefl:l,and tllO "titer is profoundly 
deep. 

IVES"r bOl1ts.-Mr infonnation regarding the reefs of this 
area iR derived from "arious IIOUrce<, nnd from all cxamina_ 
tion of IlUmerOIlR charU; especiully of those larely executed. 
during the (filrvey under Captain Owen, RN. I lie ullder par
ticular obligntion to C.1ptain Bird Allen, U.N., one of the mem
bers of the late Aurvey, for many peri<Onnl communications on 
this 81lbjcct. As ill the ease of the Red Sea, it is neces.'<ary to
mllke 60010 preliminary remarks on tho Kubmerged banks of 
the 'VeAt Tndies, which are ill IIOmc dcgrac oonncctcd with. 
coral-reeft!, and caullC conl!iderable doubtsl in their c1aaaificalion. 
That largo accumulationR of sediment nrc in Ilrcgress on the 
""Test Indian shores, will be evident tv anyone who examines 
the cllHrts of that sea, ClpCCially of tllO portion nvrth of :I line 
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joining Yucutun and Florida. 'fhe area of depos.ition seem" 
lel!!l intimfltcly conuected witl} the d(,:bouchement of the great 
rivera., lhfln wilh the courl\C of tho lICQ.·eurrcn\JI j as is el'idcnt 
from the vAAt extension of tho banks from the l,romonoories of 
YUClium nod :Mosquioo. 

l.k.~ides the CG.'Ult-b:lIlks, there aro olhel"ll of various dimCI\
lIions which stand isolated; the!!(l closely resemble enell other j 
they lio from 2 or 3 to 20 or 30 filthoms under water. and nro 
composed of suud, IKImetimCII firmly agglutinated, with littlo or 
no cora! j their surfaces are smooth and nearly lol'e1, e:helving 
very gradually to the amount of a fow fathoms all rotwd 
towards their edgC8, where they plunge abruptly into the un· 
fathomablo RCa. 'This steep inclination of their sides, which is 
likewise characteristic of tile coast.-b:mks, is very remarkable : 
1 may give a8 nn insmnce, the Mister ioom. Bank, on the edgCII 
of which \110 lIOundin~ change in 250 fathoms horizont.1t dis
tance, from 1.1 to 210 fathoms j ofT' tho northcrn point of Old 
Pz'Ovidence bank, in 200 fatlloma hori1.ontal distance, dlo 
chango is from 10 to 152 fathoma; off'the Great Balmllla 
Bank, in I GO f:.lthoms horizontal distance, tile inclination is in 
many places from 10 fathoms to no bottom with t OO futhoms. 
10 all JXIrta of tho world, where eedimeut is accumulating, 
fIOmcthing of tIle same kind may be ob8erved; tbe banks 
shclving very gently far Ollt to lell, and then terminating 
abruptly. The form and compoeitioo of tIle banks in tllo 
middle parts of W. Indian 1It'1I, clearly b1low th:.t their origin 
JllU~t he chiefly attributed to tile nccumulation of sediment; 
:md the only obvious explanation of tlleil' isolated pos.ition is 
the presence of a nuciew, ro.llld which the currents havc col. 
lected fine drift mattl;r. Anyone who will compare the bank 
eurrollodillg the hilly i.':ll'\u<1 of Old Providence, with the b.1nka 
in its nci~hbourhood which stand isolated, willllC8rcely doubt 
that they surround submerged mountains. ,Ve are led to the 
Mmo conclusion by c-"I(amining the bank called Thunder Knoll, 
whieh ill sepo."natcd from the great Mosquito bank by a channel 
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only seven miles wide, and 141) fathoms deep. 'l'htre e.'lnnot 
be :my dOllbt that the MO&Juito bank Imft been formed by the 
nceullmlation of sed iment round the promontory of Iho sume 
name; und T hunder Knoll re9(lmbleR the Mosquito bank, in 
Lhe stlile of iUl 8urt:"lee submerg<,d 20 fil! hom~, in the incli na
liou of it:.!! sides, in composition, alld in every oti,er respect. 
I mny observe, although til(! remnrk is here irreie\'lHlt, that 
geolot;illtlJ Mould be c:mtiol1s in condnding Ihnt all the out
lyen {If any fnrTllntion have oneo rn..-cll counecred logether, for 
we here !IEle that ul'pooiL!, doubtle&! of extletly lhll !l.1me nature, 
may be (Ieposited with brge valloy-l ike spaces between them . 

L ine.'lr cornl·~r8 and !.'lIInll knolls projf'<:t from mallY of 
the i80bted, as well as from tbe C«I~L bank.i; sometimes they 
are irn.:gularly pl;lCcd, as on the ) fosqu ilo bunk, but lUore 
geller..llly tbey fo rm crascl·nLs on the windwurd side, situnted 
·!IOme little Jist.·mce within the OIlier edge :-tlIUS on the 00-
ranUla bank they for m an intcrrul'W<1 chain which ronges 
between two aud three miles within tIle windward mnrgi ll : 
generally they occur, liS on Honcador, Conrtown and Anegada 
b:\uks, neare)· the line of deep water. Th~ir oceUrrl'DCO on 
the windward side is conforrnab l~ to the gf'neral rule, of the 
efficient kinds of corolJ! f\ouri~hing best where most exposed; 
but I cannot explain their r.osition some w .... y within the line 
of deep water uulc.'!.!l it be that .'I depth somewhat less tban 
that cl080 to the outer margin ia most t:woumble to tlleir 
growth. Where tbo corals have formed a ncnrly continuous 
rim, dose to tllc windward edge of (I bank some fathoms sub
merged, the reef clollOly r~mbles an atoll; lind if the bauk 
surrollnds 1m islrmu (aa in tbe C:lse of Old P rovidence), the 
reef rescmhles nn eneil·cling bmrier-recf. I ,;}lOllld undoubtedly 
have classed some of theac fringl>d blinks .'IS imperfect ntolls., 
or b.."\rrier-reef~, jf the lledimentary nature of their foundations 
had not been evident from the pre~cnce of other neighbouring 
banks, of similar forlll~ .'Ind of similtir composition, but with
out the cTCscent-likc marginal rCl'f. In the third chapter, 1 , 
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remarked that some atoll-like reefs probably did exist, which 
had origin.1Md in the manner here IIUpposed. 

P rOO(i of elevation within recent tertiary periodiJ abound, 
I\JI referred to in the !Sixth ehapMr, over nearly the whole area 
of tho West Indie<. Hence it ill easy to understand the origin 
of the low IBod nen those C01l.st.s where sediment is nolV ac
cumulating; for instance, on the northern part of YUcutan, and 
on the N.R part of )lo~llito. lIence, also, the origin of the 
great Bahama banks, which arc bordered on their western and 
lIOutbern edgC'-8 by narrow, long, "ingularly-~haped island~, 

formed of SJInd, sllells and coral_rf'loCk, some of them heing 
about a Inmdre<! foot in Iwight, is Msily explained by the ele
vation ofh:mkR fringed on their windward sides by ooral·roof~. 
011 this view, however, we must SIIPpase either that the grent 
B.'1hama Mnd_bnnks weTIl all originally deeply submer~cd, and 
were brought up to their prt.'Sent level by the same ell":"IIOOry 
;tetion which formed the linear isbnds; er that during the 
clevution of t1w hllnk~, the superficial currents and swdl of 
the waves wore them down, and keptthem at 1I1lCllrly uniform 
Jel'cl. But this lev~1 is not quite uniform; for in proceeding 
from the ),T.W. end of the Bahamn group LOward6 the S.R, tIle 
depth of the banb inere~ and tile :lrea of land dccrell~, 
in a very gntdual llUd remarkable manner. 'j'he view that 
these hanh hllve been wern down hy the currents and waves 
of the sea during their clevation, scems to me the Illost rrob
llble one. This view is ul6O, I believe, appliC<1ble to many of 
the 8uhlilerged ballh, in widely dist.1nt pilrts of the West 
Indian sen; for, 011 any otller ,·icw, the elevatory forccs must 
hilV,· :leted with a8tonishing uniformity. 

The shore of the Gulf of Mexico, for a srMe of many 
hundred milCll, is formcd by a ehain of 1:lgoon~, from 1 
to 20 milel\ in breadth (Columbian Xavig'.Itor, p. 178, 
&c.), cont:lining eitllcr (rl;'sh or salt water, and ~eparnt(ld 

frem the sea by linear strips of ""l1d . The 1I110reS of southern 
Brl\zil. IIl1d of the United St:tteR from Long Jsland (as 
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obsen'cd by Professor Rog('~) to Florida, btu'c the B.'nne 
char:lct<:r. Professor l{ogcr~ in bis Report to tho British 
ASIIOCiaLion (vol. iii. p. 13), spooulatcs on the origin o[ 
these low, Mndy, linenf ifl!ets; he States that the layers of 
which they are compo&ed are too homO'.,!:cneoulI, and contain 
too large a proportion of shells, to permit the common sup_ 
position of their formation being simply due to m:lltcr thrown 
up, whl're it.llOW lies, by the surf: Ite" cOllsiders Ihel:iC islands 
as Itpheavcd b..'l11l or ~11oul~ which were deposited ill lilies 
where Ollposed currents met. It is evidtmt that thes;; islands 
and ~1)it.'1 of salld parallel to the CO.'lst, and &cparalcd from it 
by @h:llIow lagoon!!, IULl'e no nCC('Slj."I1'y connection with corul
fonnatiOIlR. 

1 laving now cndE",lVOUf(:d to remove some sources of doubt 
in eI:lwfying the reefs of the West TIHlies, r will gi\"e my 
authorities for colouring 8uch portiolls of CO:lSt as 1 h:w~ 
thought myself warr:mt.cd in doing. C."ptain Bird A lien in
form~ me that most of the islands 01) the BalwflW Banks are 
fr inged, especially on their windward sides, with li ving reelS; 
nnd hence I have coloured those, which are thus represented 
in Cuptain Owen's ehllI'l, red. The sallie officer informs me, 
that the i~leta along the l!Olltllern part of Florida arc Ilimilarly 
fringed; coloured red.-CUUA : proceeding along the nortlltll1\ 
COIIst, at the distal1ee of 40 milCfl from tho a"Ctremo S.E. 
point, ihe shorea are fringed by reef>!, whiell extend weSt\\,ard 
for II space of 1 GO miles, with only ,t few breaks. Pnrts of 
these reef~ nre represented in tIle phms of the hnrbour!l all 

this coast hy Carmiu Owen i lIud 1111 excellent descriptioll i!l 
gi\'en of them by ) [r . Taylor (London's Mng. of Nat, H ist. 
\'01. ix. p. 4·HI); be stales that they enclose a sp.'loo Clilled the 
'bo%O,' from lmlf to tllroo-quar tcrs of a mile in width, wi tll a 
s.'ludy bottom, and a little coral. 1n most parts 1>(01)le can 
wade, at low water, to the reef; but in some parts tho depth 
is between two and tlucc filthom~. Close outside the reef, the 
depth is between six and lI(wen Ihlhoms : these well-chara\!-. , 
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terizcd fringiog·reefs nrc coloured red,-We!l'~l1rd of long. 
770 30', 00 the northern aido of Cubtl, II great bank w m
numcl,l:tl, which O.'l:tends !llong the COll$t tor nearly Ibur degree" 
oflougitude, In ils structure, and iu thtl C cu!J',' or low isliulda 
on ilJl edge, therc is a murkod correspundeocc (as observod hy 
Humboldt, Pers. Narr, vol. vii. p. 88) between iL and tIle grellt 
Bnhama and Sal Ranks, which lie directly in frouL. lJ enoo 
ono i. led to attribute tho flamo origin to all these banks; 
nnmely, tllO acculllulatiOIl of sediment, conjoined willI 1m 
elomtory movement, lind tho growtll of oor.,1 on their outer 
edges. The p-,rls which are fringed by living reefs li fO 
coloured r«I,-WestI\'ard of these banks, theN! is II portion 
of coo!t appnl"t'nlly without rctf~, c."I:cept iu tho hnrbours, the 
@horelof whicb @eem in tho puhliabed plalls to be fringed.
The Colorado 8h«t18 (see Cnpt.{lin Owen'lI charts),aud the low 
land lit tbc western end of Cuba, correapoud as c1o!\Cly in 
relativo JXlI!ition lind structure to tho h.'1nks CIt the extreme 
point of l 'lorida, all tho bankll above dcecribed on the north 
side of Cub.ll., do to the Rulillmas. The depth within the islet!! 
nnd reefil on the outer edge of Ihe C%raclc", i~ genernlly be
tween two aud three f.ttholll.a, increa.ing to 12 fllthoms in the 
80uthcrn p:trt, where tbe bank becomes n(!arl, open, without 
ielct.or coral-reef" i the portioM which nrefringed are coloured 
T(.'(].-'J.'h\:80utuem ,horeof Cub:\ i~decply concuve,and the in
cluded lpace is filled up with mud and ~md b.'1ukl!, low jj;Jand" 
:lIId coral-reefs. Between the mOIlDmin01i1 file of Pillt, and the 
aouthern abore of Cuba, the general depth is only between two 
and three fathoms; find in this parI, .lUall islands, formed 
of rr:ISmellt.{lry rocks nnd broken llIadrcpore. ( liumboJdt, 
Put. Narr, vol. vii. pp. 5 1, 86 \.() 90, 29J, 809, ;)20), ri80 
nbruptly, and just rench the c>urfaco of tllc ~I, From some 
c:l:prcmon, used in the Co!umbiltn N:tl'igator (\'01. i. pt. ii. 
p. 94), it appears that considerable 'price, along the on~r 

co:ut of l!Outhem Cuba are bounded by cliff'1l of coral-rock, 
fl)fwed probably by fhe uphea.\'al or cornl-m:rll and sand-
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hank~. The charts represent the southern part of tIle Isle 
of Pines as fringed by reefs, which the Columbo Navig .. "'loP 
extend some way from the coast, hut have only from OJ to 
12 feet of water on them; t!le8C arc coloul'cd l'cd.-I have 
not been able to procure any detailed description of the large 
group of banks and 'cays' further ea~tward on the southern 

side of Cuha; within them there i;t a large expanw, with a 
muddy bottow, from 8 to Ii fathoms deep: although 1;()Ul€ 

partl; on thi~ li11e of con~t are represcllted in the general 
charts of the W cst Indies, as Ii-iug-cd, 1 hrn'€ not thought it 
pruJent to colour them. 'l'he remaining portion of the l:lOuth 
coast of Cuba appears to be without coral-reel;', 

YucuTA~.-The K.l~. part of the promontory appear~, in 
Captain Owen's chart!>, to be fringed; coloured red. The 
eastern coast from ::W0 to 18° is fringed. SoUtll of lat. 18°, 
there cOlllmences the mo~t remarkable reef in the 'Vest Indies: 
it is about 130 miles in length, ranging in a N. ami S. line, at 
an average Ji~t.auce of 15 miles from tIle coast. The i~lets on 
it are all low, as I 1mve been informed by Captain B. A lien; 
the watcr deepcns suddenly on the ontside of tIle reef, but not 
1Il0re ahruptly than off many of the sedimentary hanks: 
within its i>Outhern extremity (oll'llollduMs) tile depth is 
25 fatholll8; but ill the more northern part.!, the depth soon 
decreases to 10 fathoms, and within the northernmost p.'ut, for 
II space of 20 miles, the depth is on1.t. from one to two 
fathoill8. In most of these respects we have the character
istics of a barrier-red; nevertheless, from observing, first, 
that tile channel within the reef is a continuation of 11 great 
irregular bay, which penetratrs the main land to the depth of 
50 Illiles; and secondly, that considerably ~l)aees of this 
harrier-like reef (for instance, iII lat. ] 60 45' and 16° 12') 

are described in the c1Jarts as formed of pure ~and; and 
thirdly, from knowing that s~diment is accumulating in many 
parts of the 'Vest Indies in banks parallel to the shore; I 
have not vcntured to colour thi.:; reef as a barrier. To add 
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to my doub~ close outside Ihis barril'r-like reef, Turrltfft, 
Light/IOlllt, uud Glovtr reefs nro situated, and these h:\\'tl 80 
complctely tbe fonn of utoJlII., tllat if they had occllrred in 
the Pacific, I should not IHI\'e llCollllted to colour them blue, 
'l'ur>!€ffe Hul seems almost entirely filled up with low llmd 
islets; and the depth within the other two reell! is only from 

one to three fi~thoms. From tllis clrCulll~tance, and /i'om their 
similarity in form, structure, find relative position, both 10 the 
bunk calle<.1 Nortlltrll 1'ri(mgltl, on which there is an islet 
between 70 and 80 fect in Jwjght, nnd to CQZtW,tl Island, the 
level suIT.'l.ee of which is likewise between 70 and 80 ft!e' 
high, it is prolxlble that tho three foregoing ~mkll nro the 
worn-down b.'l.SeSofuphenved shoals. fringed with cor:lls; loft 
uncoloured, 

In front of the caslA)rn Jlosquito CQl.lst there are, be~wecn 
lat. 12° and 16°, some ex~nsive blmks (alretuly mentioned), 
with Ilig-h island, rising from tllcir centres, and othcl"II wholly 
~ubmerged, both kindll being bordered, near their windward 
margins, by crescent-~hflped eor:ll. l'ccfs. But it C:lll hurdly 
be doubted that these !.mnh owe their origin, like the great 
bank extending from the l\[osrruito promOlltory, almost en
tirely to the accullIulation of sediment, and not to the growth 
of corals; hence I lm"e not colonred them. 

Cflyman /$hmd: this i.'lltllld appears in the charts to be 
fringed; rmol Captain B. i\llen informs me that reefs extend 
about a mile from tllo shore, and II/we only from 5 to 12 feet 
C?f water within ,llem j coloured red,-Jumuica : judging from 
the c1111rts, about 15 mile.<s of the S.B. extremi~y, and about 

twice that length at the $,'V. extremity, aud some pol'lions 
on the S. side nc;)r Kingston find rort Royal, are regularly 
fringed, and arc therefore coloured red. From the plans of 
SOUle Imrbonrs on the N. side, pmts of the coaSt apfl'!fIl' to be 
there fringed; but I have nOt coloured tlICIlI,-SI. DomilifJQ: 
I have not been able to obt.'l.in sufficient information, either 
from plans of the harbours, or from general eharts, to enable 
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me to colour any plirt of tlle COO!!!, c:"tcept 60 miles from Port 
de Pinta we~tward, which seellls rcgularly fringed: many olller 
pnrtl!, hmt"cver, of the COlI.bt ure probably fringed, especially 
towards the cllIItern cnd of the island.-PuUIo Rico: conl'iiler
able ponionl! of the IIOtlthern, western, and ea.stcm coast!!, and 
60IJJC parts of the Ilortheru coo.!!t) appear ill the charts to be 

fringed; colourcd red. Some milee in length of thc llOutl,eru 
rUde of the bland of St. 1'htJlIIlII is fringed; mo~t of the Vi"gin 
COrdfl llllunds, as 1 am informed hy Sir Ii. Schomburgk, aro 
fringed; the ~horC8 of Atltgada, as weU 1\:1 the bank on which 
it stands, llro likcwil!C fringe<! ; tl,C!£! i~land:1 I'M'e been coloured 
red. The grentl:r part of til!! f;Outhern t;ide of Santa Cruz. 

appears in the Dani~h survey to he fring\'{\ (I'«: also Professor 
Hovey'iI IICCOUllt of Ihia i~lllml, in Silliman's Journal, ,·o!. 
xxxv. p. i4)j the reefll c.xlcnd along ~horc for II considerahle 
space, nnd project rather more than a mile; tile dcpth within 
the reef is three fathoms; coloured red.-Tho .t1n/illes, as re
marked by VOll Ruch (Dcscrip. Ilea Cnnaries, p. ·l!H), may 
be divided inlO two Iincar group~, the western row being \'01 -

canie, and the eal!tern of modern calcnreoUII origin; my infor
mation is vcry defective on rhe whole group. Of the ea",tt~rn 
islands. Barbuda and the wClltcrn con~ts of A 1I1/9'1U :md 
Jful'iagl/{m/ft appear to he frillgl-d; this is nlllO till' ca~ with 
Barbadotl, 118 I have been informed by a residelll; thCl!(l 
islands arc ooloured red. On the shoff'l! of the wCllteru .An. 
tilles, of volc:mic origin, very few cernl-rccfl! nppear to e:"tist. 
The is!:md of jlfartiniljllt, of which there nrc beauLifully exe
cuted Frtlnch charts on a very large !!Cale, Illone prescnl!! 3ny 
Irppearancc worthy of ~JX'Cial notice. 'rhe li!Outh-we!!tern, 
li!Outhern. and eastern CoUllts, together forming about half 
the circumference of the i~llInd, lire skirted by very irregular 
banks, projecting genernlly rulLer 1C88 tlmn a mile from the 
shore, and lying from twO to five t;1thom~ ~ubmetgl'd. In 
front of almost cvtry vulley, tiJ<'y are breached by Darrow, 
crooked, ~tcep-sided PlU!!iIIgCII. '1'he frcncl. ('ngineers ascer-
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lainro by boring, ,hat t11c~e submerged bank!! cousisted of 
madrcporitic rocks, OO\'crro in rutlny parLs by thin layers of 
mud or S,1nu. From this I1ICl, "nd especially from the Mrlle

tlll"e of the narrow breachc&, th(!SE! banks were probably formed 
by living reefs, which fringed tlle shore:s of ~he i8land, nnd 
once reached 1he surfllce. From 80me of tbese 8\1bmt'rg<>d 
hnllkM rccl~ of living coraL ~t in rise abruptly, either ill ~mnl1 
dctilched J>8f~hc", or in lines p."l.rallel to, but !lOme way within. 
the Ilmrgin. Beside!!! the ai>ow) bankll which sk irt the @hOr(!iI 
of the i$fand, thera ill on the eastern eidc a range of lint'nr 
ballks, simibrly COIl!llillltcd, :20 miles ill length, extending 
pnrallcl to the C«1~t.--lil\e, .. md separated from it by a ~pncc 
between two :mel four miles in width, and from;) to 15 
(.1thollill in depth. From this r:"Ilige of dettleh"od bMlks, !'lOme 
linear rccl~ of li\·jug coroilikewise rise abruptly i and If they 
had b('Cn of gTOllter length (for they do not (wnt more tlmn II 
lIixth part of tIle circumference of the island) Ihcy wou ld ne
ces.'!arily frolll their l>06itioll have becn COiO(!T<..-<i as bUITil'r· 
reds; ;IS tllO ca~e ~tal\ds, thoy arc left uncolourcd. 

l'I..OHIIM.-AII account of the r<.>eh on this coast, tog<'thcr 
with relerences to \'Il.riou~ authorities, will be fuund ill PI'O
{es::;or l)alHl'~ work on Corals and Coral hl:md~ l1~ i 2, p. 201. 

The BI;Il)ltmA I :;I,,\l'wS hnl'e b~n cart>fnlly de~ribed hy 
J. ield . Nd80n, in an excellcnt memoir in the Geol. 'l'ranR.1e
l ions (\'01. \'. part j. p. 103). J II the form (>f tho b,1nk or reef, 

on one side of wllich tl'o i~lands st.1nd, Ihere i~;1 clOl\C geneml 
rcsembl:lDcc to an atoll i but. in the following rl'l!pccts there ill 
II. considerable differcnoc,-first, in Ille margin of tile reef not 
forming (as .I. 1I:1\'e been informed by Mr. ChalT'ers, n.N.) a 
flat, solid aurlilc(', wllich i~ laid bare at lOll" watcr; secondly, 
in the water gmdually shooling for !lenrly a milo and IL hAlf in 
width round the entire reel; ns may he seen in Captain H urd's 
chart; find thirdly, ill tlle si1.e, beight, and extraordinnry 
form of Ihe islands., which presellt little rescmblance to the 
long, narrow, simple islets, seldom exceeding half 11 Illile in 
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breadth, which ~urruOlmt the annular reefs of nlmol\t all the 
atolls in Ihl'\ Indian lIud Pacific Oceans. MotOOver, there arc 
el'[dent proors (N<'Ison, ibid. p. 118) that islands sim;lar to 
the ~xi~ting Colles formerly /!xtended ol'er other pal"U of 1he 
rccf. It would, I helieve, he diOleult to lind :~ true atoll with 
land exceeding :30 feet in hcight; wherca1l, Mr. Nclron esti
mates tho higlle~t point of tlle 13~rnJlldn hlanda at 260 feet; 
if, however, )fr. NclSQu's view, thllt die whole lnnd consists of 
!<and drifted hy the wind~ :lIld Hgglu~innted together, is correct. 
this difference 1I"0\lld be immnterial; but, from his own ac
count (p. l Un, there occur in one place, live or ~ix layers 01 
red eartll, illlCl"!!tratificd with the ordinary cnlcnreous nICk, 
:Iud including I<tones toO hem'y lor the wind to hare mOl ed, 
without h:wing at the &."lJlJe time lUterly dil!pel"S()(] every gl"llill 
of the neeolllp.:mying drilled maU('T. Mr. Ncll<Ou attribmes 
the origin of tllC~ 1JC\·ernllnyer.~, with lileir cmbedded ~toncs, 
to I'iolent caln~troplles; bm Ihrtllcr iUI'csligtttion hll:<gclll"rally 
slIccc('de<1 in cxplaining such phcno!1len~ by ~implcr l11elU1S . 
. Finally, 1 lllay rellmrk that th"ffi(l i sland.~ bear a .::onsiderahlc 
r('!lClIJulllllCe in IIhape to Barbuda in the "'Cllt l I1111el', and to 
Pe11llm on the castm'l} eo:_:<t of Ali-ien, which Ilmer i,,'and is 

about 200 feet in height, :lIld consi"t!! of coml-rock. I bclic\'e 
Ihnt til(, R(!rmudn hlnnds. from being fringed by living rC(!I~, 
ought 10 have been coloured red; but 1 have h:ft IJlcm un· 

eolollrC'd, on account. of their gellernl TCiemblnnce in extcrnal 
f01"111 to n Ingoou-islulld or atoll. ProfeMOr Dana (Comls alld 
Corol lslnnds, pp. 218, 269) ranks lllcm ill lhi~ class. 

Su.pplemelll on a remarkable Bar oj Sal/diltolle off Pel1iam!JIICo, 

on the Coal'! of JJra:il. (Originally published in the 
Philosophical Magazine, October LSII , p. 2G7.) 

In entering the harbou! of Pernumbuco, :~ veMeI passes 
c1o~ round the point of a long reef, which, viewed ILt high 
water when the wa\'es break he:wily over it, would nnlurally 
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be thought to be of cornl fonr.ntion, but when beheld at low 
wawr might be mistaken for an artificial brcrlkwntcr, ('rectc(\ 
by cyclopl'an workmen. At low tido it ~hOWB itself n~ a 
~mooth level· topped ridge, frOIll 30 to 60 )'Ilrds in width, 
with t!\'en ~idc~, ~nd extending in 11 perfectly slroight lille, for 
sElventJ miles p;lralld to the ~horc. orr the town it includes n 
~hllllow Ingoon or chnlmcl about hnlf (\ mile in width, which 
(UrtJl(!r lIQuth d('CrcnsC3 to scarcely lllore thun 11 llUndrcd 
yards. Close within the llorthern point, ship~ lie moored to 
oM gUlls let into tho reel: lI ere, 011 the inner hide, lit low 
water spring-lidC!, a section of about seven feet ill lll!ight is 
cxl1ibitcd. Thi ll consists of hard J),,'\le-coloured ~Ll\dstono 

breaking witl) a ~mooth fradllre, and fOflm .. '(\ (If silieeou~ 

gMlin~, cemented by en!e;u· .... '<lus matter. "'ell-rounded (jUllftz 
pebbles, from the size of n bean, J1lr<!ly to that of lIti lIpple, arc 
embedded in it, together witll n very filII' fragments of ~Ilells. 

'.l·rncc~ of stratification nrc obscure, but in {'lie ~pot tllere was 
rm inelnded layer of .o;tnlnetitie limestone, rul eighth of nn inch 
in thicknc~~. 1n another plnce sotue litJS\! Rtrata, dipping 
landwards at nn angle of 4[)O, were capped lly a horizontal nlilss. 
On cadI side of the ridge quadrllugular fragments ha\'t~ sub
sided; and the wllOle mass is ill SOUle pla(.'Cs fiS:luroo, appiI
rently from the wnshing out of SOIllI<' SI.>ft underlying bcd. One 
day, at low wo.t(:r, 1 walked a full milll along this singular, 
smooth, and narrow causeway, with water on both sides of me, 
and could sec that for ncarly n milt! furth~r south its form re
mained unaltered. 1n Hnron UO\lssin's beautiful chnrt of 
Pemnllluuco (Lt Pilote du Bresil) it i~ represented as stretch
ing on, in an nhsolutcly straight line, for scyeral le.~gnes; how 
far its composition relllnin~ the Mme, I kllOW not; bnt from 
the aCC"tlnts 1 reccived Ii'om intelligent i).Hive pi!ot.l:!, it secn:s 
to btl replaced on ~me l~u·ts of the coast by true coral-reefs. 

The I1pper snrlh.ee, though it lLlu~t on a. large seale be 
called !'Imooth, yet pTEsents, from unequal disintegration, ntl_ 

merous small irregularities. 'I'he larger imbedded pebbles 
hland out bupportcd on short pedest:t!s of sandstone. 'I'here 
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tire, III~o, mnny 6innous c~\\'ilies, two or three inchcs in widdl 
:lI\d <1"1)111, and from 8ix inches to two (flet in IfllIglh, T ho 
upper edges of tl1~ furrows aom<:limesl<ligiltly overhang their 
Rides; IIml they ('nd abruptly witl) II roundt><! outJine, A 
furrow occasioually brllueh~s inlo IWO nrru~, but generally they 
rUIi Ilearly parallel to oneh other, in II. lintl tran~verse to tho 
$mdS'OIlt: ridgt:, I know no~ how to nccount lor their origin 
except thl'Ongh the wa~hing to :md fro of po.:bble~ in ori~illally 
slight depreS!liou~, by the w:\\'es which brenk wlily on~ f the 
b.'Ir, Opposed to this notion i~ the fnct thnt wme of these 
flUTOWS were lined with numerous small living Actilltlt', '1'110 
e:.::terior surface of the bar is C(),'l!.ed with n Ihin laleT of cal· 
cureous matter; thi~, on th~ outcr subsided 1II11bS('!<, wl.io.:l1 can 
be renehed ouly at loll' w:lI(>r, hctwoo.:n the sllc<:e&i\'ely breuk· 
ing w:wcs, is so tlliek that I could IlCldom e:.::pose the So'md· 
.. tone by the aid of a IUlu\'} hammer. 1 llrocllloo, hO\\"O\'er, 
!!Orne flllgmentll, which Wl;!rc ootwel;!n tllree lind four incho!< in 
th ickness, and I ... nnsist.ed chiefly of AlllaH StrpullR, including 
some B(.I/(mi, Will} 11 few thin papcr.like layers of 11 Nullipo/'(I, 
Thc SUrk'lee alono is "li\'e, and all within consi~UI of the above 
organic bodiCll, filled up with dirty white cnleareous watt.o.:r. 
'file layer, though not h;m.l, is lough, and (rom its rounded 
lIurface resists the bre:lke~ .Along tho whole o:.::tenmlmargin 
of the b:ar, 1 olily saw one "ory "mnll point ofS;lnd~tono whi .. h 
W:I8 el<o:llOsed to thosurL In the Pncific :md Indian Oceans th", 
outer unnllpper lIlargin of the coml-rccfs aWl, IIi! we have seeu, 
prol(."Ctoo b)' a similm' coating; but formed alm().% o:.::c!usi,·ely 
of 1!C\'eral l!pOOiea of N1111r'pmr. Lieu!. Nc!~Oll, in llis excd· 
lent memoir on tho BerlUuUns (Geol. Trans. vol. v. part 1, 
p. 117), Silys thllt the rf'cls tIler{! arc formed of similar mtlSSCs 
of StI'JYUltt!; bm 1 suspect tll..1t thoy are only tllUS cOllted . 

I enquired froUl some old pilots at P ernllmbuco whether 
there Wtls nny Inluition of the bar having undergone any 
chllnge during the iap!'e of time; but they were unanilllOUS in 
nnswering me in the ucgati\'e. It is alltolli~hing to reflect, 
thllt although wuve~ of turbid water, charged wilb sedimcnl, 
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fire dri"en night and day by thc ecnseless trade wind agnin8~ 
the abrupt cdW'8 of this natural bl'~akwater, yet tllnt it hilS 
h\~ted in its present perfect Slate for e~lltUl'ie~, oj' perllilJlR for 
thousands of years. Seeing" that the surface on the inner Ride 
doe~ gradually wear away, as ~hown by the pebbles on the 
little s:.m(i,.tone pedestals, this durability must be entirely due 
to the protection afforded by the (llin coating of S(rpuim and 
other organic hodies. Thi~ i1l a line examplc of wllilt apparently 
llleffieicllt means may he effectual. 

I hclie\'c that simil'lr lm~ of rock oceur ill front of some 
of tIle other bays and rivers 011 the coast of Brazil: Bm"()11 
HOII!lllin fltales tll"t at Porto Scguro there is a 'quay' lIimil:II' 
to that of Pernarllh\leo. SpliCes of several hundred milell in 
lengLh on the ~horell of the Gulf of l'oIe.'\ieo, the C"nited State~, 
Md of Sonthl,rn Brazil are lormed by long IUIl"TOW is],~n(h and 
~pjts of sand, including ext.ell~ive shallow JagQOn~, 80me of 
wJ,ieh are BCv~ralleagues in widlh . The origin of these linear 
i~lets is rath('r obscnr~: Professor Hogers (Report to British 
ASl!ocintion, vol. iii . p. 13) gives rC;,SQns for 61l~pecting tlmt 
they Ii:we be('1\ formed by tIle upllc,'W:ll OfMl\d-bnnh, depo~ik!d 
wlwtc cunents formerly met. The bar of lIandstone at Per
Ilillllbuco Ims probably be<'11 fonllcd in an analogous mllUller. 
'!'he town stauds p.'lrLly on a low narrow i~let .'Ind partly on a 
long ~pit of mnd, in front of a 10\\' ~hor~, bouuded in the dis
t,mee by a semicircle of hills. By digging at low water ncar 
the town, the sand is fouud eonsolirl:ltcd into sandstone,@imilar 
to thnt of the ror, but containing many mOl'e shells. If, then, 
th(l nHelens of a spit of sand, extending in front of tile bay, 
lmd formerly become consolidated, a small change, probably of 
level, hut perhaps merely in tlte currents, might have given 
rise, hy washing away the looRe saud, to a IItructnre like that 
oOfthe bar in frout o( Pernambuco aud along the coast south
ward of it; but withoUL the prottction afforded by the sncces
sive growth of the above·named organic beings, its dumtion 
would have been short. 
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