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PREFACB 

TilE THIRl> EDITION. 

Fon nil that liistinguiRhes the pr('S"nt from tlll' l'CCOJlI\ 
,·diti,m the r"lllit'r has to thnnk Pror"~s()r BO:\,'.;t:L 
He hzu ",),1('(1 ocl'/l,.ional footnotes (clistillA'uiRhcli Ily 
1i,/unTe ).rackds), aud he has ~in~n. ill the form of nil 
;\llIIt.'IHli\, !l {'nreful summary of till' mon' importHlll 
1lll'Illoirs J!uhlishf'tl since 187 L 

"y own ('olltrilmtion is merely the fllllHlIlcnt of II 

ph'a"l\nl Iluly-the expression of Illy sinC('TO :.;ratitmlt 
to pror!'fI~or BOlllw,Y for the ready killdnc'lI with which 
110' llUll,'rtook 1\ difficult task, and for till' l'll\',' ami 

skill with which he has completed it. 
I !u1l~t n[~() be allowed thcsatisfnction of (')(Jln""ill~ 

In." llllli~atilllll> to Captaiu Wharton, R.:\., Jlydro. 
graj,llI'l' to the Admiralty, for an intcTl!stillg bt.'rie..; of 

1I1ltt-~, which arc emhodied by Professor lionll(>,Y in tho 

pn'~l'nt edition. 

CUlUII,m: r'dmuuJI 2!l, Is;m. 
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PREFACE 

THE SECOND EDITION. 

TUE FIRST EDITIO~ of this book appeared in lR42, and 

hillee then only one important work on the same 

rmbject hus appeared, namely, in 1872, by Professor 

nann, on Corals and Coral-Reefs. In this work he 

justly says that I have not laid sufficient weight on 

the mean tmuperature of the sea, in determining thl' 

distribution of coral-reefs; but neither II. low tempern

hue nor the presence of mud-banks accounts, as it 

nppears to me, for the absence of coral-roofs through

out certain areas; and we must look to some more 

recondite cause. Professor Dana, also, insists that 

volcanic action prevents the growth of coral-reefs 

much more effectually than I had supposed; but 

how the heat or poisonous exhalations [rom II. volcano 
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J'RHA(E TO Tin: SECOSD F.J)lTIOS. vii 

can affect the whole circumference of a large island 
i.oj not clear. Nor does this iact, if fully catnLlislu:>d, 
fal~ify my ~('ncralisation that \'olcanos in 8. state of 
adinn are not found within the areas of aubflidenC(o, 

whil~t they arc often present withiu those of ele\"l\tiOll : 
for I have not ])cen influenced in my judgment by thr 

aht(·nce or prCtlt!uce of coml·reefs round active Yolcanos : 

I ha.ye judA"<:Il only by finding upraised mMine remnius 
within the 8r(!R8 of eleyatioIl, and by the yicinity of 

atolls anel barrier-reefs with reference to til(' nroa!! 

of suhsidf'nce. Profcssor Dana apparcntly SUPI)OSCS 

(p. 3:20) that I look at fringing-reefs R.S a pro:)f of 

the recent elevation of the land; but I han! "x
pressly stated thnt such reefs, as a general rult' . 
indicate that the land has either long remained at th (1 

same len:l or has been recently elevated. Ne\'erthe

lebS, from uI)raised recent remains having been found 
ill a large number of cases on coasts which are fringt'(\ 
by cornl-rt'cfs, it a})pcars that of these two alternntin:>! 

r<''i:cut elevation has been much more frequent than ;1. 

stationary condition. Professor Dana. fltrtlier beliew:> 
that many of the lagoon-islands in the Paumotu 

or Low Archipelago and elsewhere have recentl~' 

heen elemted to Q height of a few feet, although 

originally formed during a period of subsidence; but [ 
shall endeavour to show in the sixth chtLl)ter of the 

present edition that lagoon-islands which have long 
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viii 1'In:I".\CF: TO 

remained at a. IItll.tionury level often present the false 
appearance of having been slightly elevated. 

Although I thus uemudo some of therernnrksn.nd 
criticisms made by this eminent naturalist, who has 

examined more coral formations than a.hnost ally other 
man, yet I do not the less admire his work. 1 It has 

also afforded me the highest satisfaction to fmd that 

he accellts the fundamental proposition that lagoon
islands or atolls, and barrier-reefs, ha,'e been formed 

during periods of subsidence. 

The late Professor Jukes, in his account of the 
voyage of H.M.S. Ply, published in 18·17, devoted it 

chapter to the Barrier-IkeCs of Australia, and thus 
concludes: 'After seeing much of the Great Barrier

reefs, and reflecti.ng much lipan them, and trying if it 
were possible by any means to evade the conelusions to 

whicb Mr. Darwin has come, I cannot help adding that 
his hypothesis is perfectly satisfactory tomy mind, and 

rises beyond a mere hypothesis i.nto the true theory of 

eoral-reefs.' 

On the other hand, a distinguished naturalist, 
Professor Semper, differs much from me, although he 

>'('ems willing to admit that some atolls a.nd barrier
rcds have been formed ill the manner in which I 

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

'A fricndJy reply from Professor Dana,contestill8 some 01 th{! 
}'<lintsmcntionoo abo"{!,will be found in Nature. Sept. IS74,p.40S. 
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Tilt; SECO:\"O }:DlTlO~. ix 

of the P,·I('\'\" Islanus, whieh were enrefully exnmim·,l 

iJy him. Home aCCOlmt of his obj(>etiolls, and 1 will here 
only "tate that his "jew ooes not differ essentially from 

thllt of (,hami~-;(), whieh will hereafter be diseus:se<l. 

It will he ~t:en that the e,-iuenoo in fl\Vour of atollt> 

and harril!r-rl'cf~ haying been formed during sub

~ial'nl"C i>i of l\ cumulath'c nature; and that it is 
wry dillicult, to judge with safety rcspceting all)' 

t;UIJ:::I{, lilgooll-il;!and or barrier-reef, or small group of 

tlwln, eH'n if the depth out!!iide the roof and the slop(· 
nf the cnl'irdetIland are both known. 

In til(' llrescnt edition I have ad(led SOUle new filets 

Itll'\ have rcvis ... (\ the whole book; the latter chaplcrt> 

hlwinj:{ hc~'n almOot re·written. The appended map of 

thE' PlldJic find l]l(iian Oceans remains in nearly the 

;;anl{' :;tl\te as before, for I have added only two red 

find two blue circles. I have removed Bn aclive ml
l·I\UO, whidl was formerly supposed to exist UI Torres 

Straits. .\n accOllnt of a rcmarkablo bar of sandstone 

nIT Pernambuco on the Brazilian coast ha.s bct>u added 

to till' ,AI1IlClldix, as this bar is protectcd from the 

W,'ilT and tfenr of the \\ByeS by a coating of organic 

hodit·s, in the sn.me manller as are most coral-reefs. 
It al~o re~('lllbles a. coral-reef ill shape or outline to It 

(·uriou;;ly ciccelltiYe degree. If I had bc<!n better 

situatl'~1 eluring the last thirty years, (or hearing of 

n'c.-eut elisco,"eries in the Pacific, and for consulting 
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PIlEFACE TO TIIF. S~:COND F:DITlOY. 

charts published in various countries, my map might 
have been greatly improved. But I hope that before 
long some one may be induced to colour a map on l~ 

large scale, on nearly the snme principles as I bave 

done, and in accordance with our advanced state of 

geographical knowledge; for I believe that he would 
thus arrive at some new and striking generalisations. 

lo'ebruarvl8H. 
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PREFACE 

TIlE FIRST EDITION. 

I SIJALL RAYE OCCASION, in many parts of the rollow

ing \'OIUIllC', to acknowledge the valuable information 

I hM'C received from severnl perSOlls; but I must 

morc particularly express my obligations to Captain 

R. Moresuy, LN., who conducted the eurvey of the 

Bcd Sell, Ilnd of the archipelagoes of low coral-islands 

in the Indian Ocean. I beg, also, to be permitted to 
return my best thanks to Captain Beaufort, R.N., for 

having given me free access to the charts in the Ad

miralty, as well 8S to Captain Beecher, R.N., for most 

kindly niding me in consulting them. My thanks are 

likcwisf' ('specially due to Captain WR.8hington, n.X., 

for his invariable (Iesire to assist me in overy possible 

Having in former publications had the 

p\{'8.sure of acknowledging how much lowe to Captain 
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xii PREJ"ACE TO TilE l'IHST E[lITWX. 

FitzRoy, for haloing permitted me to volunteer my 

services on boan! H .M.S. Beaule, and for his uniform 

kindness in giyi.ng me assistance in my researches, 1 

can here only repeat my obligations to him. The 

materials for tbis volume were nearly ready two yea1"~ 

»go j but owing to ill heallh, its publication has been 

delayed. The two succeeding l)a.rts-one on the vol

canic islands ,·i.sited during the voyage of the Bellui,·, 

and the other on South America-will appear a.s soon 

as they can be prepared. 

lJay 2, 18~2. 
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J)EHCmpTIO~ OF TilE J>I~ATES. 

I'I.ATJ-: t. /Iltnd'4~<n ..... 

Inlh ... ",ralorisinal.urveya. Irom .... hich the Illnalll,lanl on thil 
1,1al,'ha..,ebeeJarod\lCed.lhew ... l.~ueeng ... \cdinverydir. 
""nl ",,,11.., J-'or the Aka of nnir".."il,., I ha..., adopled the 
Ityl. naod ill tb~ charts of the Chagol .\rehipcl~o, publiahed by 
tl~ F:. ... , In" .. Cou'p&ny, frolll the a.n. ~- by earl, MoresbYl.Dd 
1.ieIlLI'o...u. TbelUrfaoeoft""n.., . .".hichdri"allo ..... ~r. 
i." i,raenle<.l by a wl'pled IUrface .. ith anall ClI'08_; the coral. 
uleu liD the !'('off are marDI by ~maU linear gn.til'l)lcd Ip&CleII. 
on .... hldJ a fow cocoa,nu! !reea,out of alll'ropllriion too large, 
hl'-" been j"lroduced. lor tbe lake 01 c1elU'lle •. The entire 
"n".T rr~!, .... hieh when surrouniling In upellupan. of water. 
fonnlA!,'.\oll,'.nd when furronn,lingon>l or 1Il0re high iBlands, 
fon,~all ... ,cirohn"'barrier.reoel,'hu.ne .. tlyuniform6tructure, 
AI"I hu been tinl.e<i, in order to catch Ih , eye, o! <I pak bl~ 
colour. Then"" jO!!O.llleofthcor~";nal .uney •• re ..... preeented 
me..qby.slnglelino .... ithcrouea,oothatthcirbreadthisoot 
tP"I"en; I hue hr.d such ..... ~eJll1'lHd 01 t.he .. idlh ur.u.allyat.-
talON by ooral,r"d ... I hr.l-o not thou~ht it worth while to 
introd;uoe.lI Iho .. ~mall aodvery numeroUII I'ft!r ..... hich occur 
"i,hlnlhelagoonlufmostaLoUr.r.nd..-ilhin Ihelagoon...:hannel. 
of moat br.rrier-Jl:('fs, and .... hich ~ ... nd either illOlI.lOO, or ue 
.u.aehf,\ to lhe shores of Ihe reef or l.nd. A\ l'CI'OIl Danho. 
linn" of the lBIIOOU·T'eI.'b rise \0 the8urfaoeoflhe .... ~r; afe ... 
01 them hr.'-f betn inlrooueed,and .re ",r.tked by p!aindOlted 
eirel ... A f"" ul the d~pest lOulldin(o.'l .re laid down within 
t·Jl.>b rorf; II>('yare in fathoms, 01 .il; En~li .h feel. 

l'ig.l. Vu .. ·fIr>, _i!nated in the .... utem jl&I't-of Iho S. P....,ific; 
takm frWl} \he 'UlTl:'y by Cr.pl. D·li ..... ille in the.A.'trolo~; the 
.-ei. tvf.1I inch 10 ag«lfl1'Aphiul mile; 'he O5Oundings 00 
tbt05Ou\hernudeofthei.1and,naroeI1~SOIo10fathomB, . 
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xviii m:SCRIl'TION OF PLAT ES. 

are giveo from ~he Voyage of ~he Chev. DiUon; the other sound_ 
Irtga are laid down from the lurvey by D'Urvillo; helgh~ of the 
lummit of ihe ialand is 3,0311 feel. The I)rlncipalamsll delaehed 
reeflwlthin theiagoon-ehannel heve in this insl.nlll,lbeen repre_ 
sentod. ThellOulhem more of t.he ialaod is narrowly fringed. by 
a reef; if the eugr&\'er hadcarriOOthisreefentirelyronndbolh 
lilands, thia figure wvuld ha\'8 llen-OO (byleavir18 onl in imagina
tion the b&rrier.~f) .. a good .pecimen of an abruptly.sided 
illand,lnrrounded by I reef of Ihe fringing c\au. 

Fig. 2.-HoooLlttl, or Rouo. in Ihe Caroline Archipelago; taken from 
the all .. 01 the Voyage of the Aslrolabe, compiled from the 
survey. of Capw~ Duperrey and D'Un-ille; lICale A of aO inch 
~amile;thedepthofthe immenlOlagooo_likelSp&Cewiihinthe 
reefilnotkno'll"n . 

• 'ig. 3.-fuuTU. in the Society Archipelago; trom the map gi,-en in 
the quarto edition of Cook', Flru Voyage; it il probably not 
ac<:urate; lIO)ale j,; of an inch to a mi le. 

:Flg. -I.-Bow, 0.111:\"0\1 nOLL (or lagoon.iglandJ. in the Low Arehi_ 
pelago; from the 8un'eyby CaJlt. Ueechcy,RN.; scale.:u of an 
inch 10 a mile; the lagoon i. choked UI) v.ith reefs. buj; ilic 
a .. emge greatesl del'th 01 about 20 fathom&, i. given from the 
publishedaeoountoflhevoyago. 

llig. (i .-Bow.Ilm ... in the Sooiet.y Arohil'clago: from tI,e 8urvey of 
Capt. DUJ>Ilrroy. in Ihe Ooqf<ilk; acale i of an inch 10 a mile ; 
thewundingainthilandtbcfollo,,·ingflgureha,-cbeenalt.ered 
from French feet to ~;nglisb fathoms; height of higbest point of 
Ihei8land 4.026 feet . 

• 'ig. 6.-)fADau~, in the Sociely Arohipc1ago; lrom the aun~y by 
Capt. Dupc~y in Ihe Coquili;,; _Ie! of an inch to a mile ; 
heigh l of land about ROO f(!('l. 

f.'ig. 7.-POnYNI.';·U. or SO:)<IWll!E. i») the Caroline Arehipclago; 
from the Iuney by Admiral LUlk,,; _Ie! of an loeh 10 a mile. 

fig. 8.-G.lXJlua t...... .... DfI. in the IOUthem part of the Low Arehl. 
pelago; from Iheaun-ey by Capt. Ueechey; _Ie tof aD inch to 
a mile; height of highl"'~ i~llnd, 1,216 feet; Ihe iBlanda a.re Bur
n)II.ndt-dble.denli\ .. andirrtgul.rree(a;thereefonthellOllthem 
Bideialubmerged. 

Fig. 9.-PJ:_ llixllOil ATOLL (or \~n.i8Iand), in Ibe Chll80ll group 
in tba Indian Ocean; from Ihe IUTVfY by Capt. Moresby and 
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ULSCHlI'TIQS OF l'I.A'n:s. xix 

I ..... t. Powell; ,,,l~, or .n u.ch to • mile; not ne.rly.1I Lbe 
SlnaU aubmerg<'<1 neoef. in the lagoon .... ~I" Nlt...!; lbe .nnuLt.r 
...... on the _II" m aide. Bubmerpd . 

• ;;.10. K~'.or.c..co.n()u.(orl.agoon.i.Lt.nd l.inthe lndian 
0-; 'ro'D tl,,· II1ln'~y by Capt. }·itzll.oy; _Ie! of.n inch 10 
"mil.;th'·~n.onthofthedutt<..Ilinei,'cry.hallo ... and 
i 1.~a1_'baNa'Io .... a\t>r;thepartn"rtho"helineis 
~hok,",llIJI .. ith iffl1!"ul.r reefs. The annula. reef on theN.W. 
~da il brohn.an'l blend$ iuto a.ahoal >;IInd·ba.nk,on which the 
_br ..... . 

He. I. ('H.lT C,,_ BAn, in the Indian ()c,:,an; ... ken froln the 
8UJ"1"e1., Capt. )lore.b, and Lieu,.I'o"·~II;.cat... ~ of aD inch 
&0 a mile ,_nm .:ale &II Hacoleu. in Plitt I.); the parta .. hich 
anollhaded ... ithtn.n«ptionol' .. oorlh .... i.\elaonlhe 
• .wtn .nd northern aid"", do nut rioe 10 the IUriace, bul .re 
Hbm~rwed frow I 10 10 rathollUl; ,h., bankt bounded by ,10" 
dotted lin. li<l 'rom L, 10 20 fathom. beneath the ourface, .nd 
are fllnn • ..! of .. nd; theeent .... l.paee;. of Ulud, .nd (rom 30 10 
LOfathom.d",p. 

l~.It. Avvrti"al !Iee!;on.on Ihe 68llle iCale, inan E. and W. line 
acrou the ('Te .. t CJu.gos Ilaok, gi"cn for the ~ake of exhibiting 
mortel~arlyit.l~trudllre. 

F 3. :Ua.<HI<·oFrJ,rou.(orlagoon-i.landj,inthoMarabaIiArchi. 
re •• nor1hrm ""ific Qc.oan. from K",..enltem', atl .. of the 
P"ifio; orij.rinally nrwyed by IApt. H.mei.wT; IIC&le I'" 01 an 
incbloamil';thedepth.-i\hinthelagooMilunkn01l"Il. 

Fia- ~.- ".HIAIII ~hHOOO n"u, toj:ether with lIo .... burgh aloli, in 
Lh~ )1..I,liva Archil'"laI;"O; from 11018 survey by IAI)t. Mo~by.nd 
Li.ut.l'" .. dl; 1>Cai~ I'u 0' an inch 10 a mile; the white ,pace. in 
the middle 01 1iI~ "'pArate Hmall ~I~. both on the margin and 
i Lllh,."'i(l,l!ell&rl,a.rameanllorep~ntlittlelagoonB;bulit 
..... 'ou",\ not IlO$I!ible to dislingui,h Ih~mcle&rlyfromlheBinall 
i.Jd., .. hi~h have been fonned on thellO "'lIe Ilmall reels; many 
oflhellD..Ilerret>f,conldnotheintro<llIoed; the nautic.1 mark 
("')O\'crth"lIgurHZSOandilOO between MahlOillJAhdooand 
lIoOlbu,¥hatoliandl'o ... "ll',l$land,.jgnifi~th.tlOOundil.lgl"·ere 
no\obtai"edatth_d'·rths. 
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Fig. "._:s"zw CJ.LED<.>'<u. in the weol.em part of the Paeific; froUI 
Kruaenal.en,·i .. tl ..... oompikd from &e~enr.J aur\"e1'; I ha"e 
IlighUy&ll.ertd tl,e northern llointof the~f. in fLCOOrdancc 
with the atlaso! the YOYRgcof the A$trolabe. In Kruaen8tern's 
IItlRI,thercefiBrcpr~ntcdbya8ingielinewilhCl"Olae.; Ih ll.\·e 

for the ... keof uniformily added a.n interior line; ICsichofan 
inch to. mile. 

1'il:_ 6. :UJ.Ll\I~J. AuulPl'uoo, in the Indian Ocean; from the auney 
b,. Capl. ?r.IOTeIlb,. and Lieut. PO"'ell; scale ~.~ of Bon inch to • 
mile. 

I'LATE Ill. lit Wain"i"" of I'ollll~. 

The Jlrinciple. on which thil lll&P is coloured &«0 cxpl&incd in the 
begiuningof C11alll.er VI. ; a.nd the.uthoritiu for colouring each 
ll&rticul&rspolarodet.ilcd in the AppendiJ:. Thena.melprint.cd 
in italieain the Iudex rercr to the Appeudix. 
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TilE 

STlleCTlillE AliD DISTIlIBUTION 

CORAL-REEFS. 

I~TRODUCTION. 

TilE onJECT or this yolume is to Jescrioo from my own 
observation and the works of others, the principal 
kinds or coral-red", and to ex}>itlin the origin of their 
peculiar forms. I shall not here treat or the poly_ 
llifers, which construct these vast works, except as 
to thdr distribution, and the conditions favourable 
to their ,igorous growth. 

Without any distinct intention to classify coral
Tet.'fl>, ruo~t voyagers ha,e spoken of them under the 
following heads: • lagoon-islands' or' atolls,' 'barrier' 
or 'encircling rccfs, ' and' fringing' or 'shore reefs_' 
The lagoon-ililanJs have recei,"cd much the most atten_ 
tion; and it is not surprising, for e,·cryone must 00 
~truck with astonishment, when he first beholds one of 
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these yast rings of coral-rook, orten many leagues in 
<liameter, here and there surmounted by a low verdant 
island with dazzling white shores, bathed on the out
side by the foaming breakers of the ocean, and on the 
inside surrounding n. calm expanse of water, which, 
from reflection, is generally of a bright hut paJe green 
colour. The naturalist will feel this astonishment 
more deeply after ha.,·ing examined the soft and almost 
gelatinous bodies of these allparcllUy insignificant 
coral-polypifers, and when he knows that the solid reef 
increases only on the outer edge. which day and night 

No. I. 

is lashed by the breakers of an ocean neY(lr at 
rest. Well did Frall~ois Pyrar(i de Layal, in the 
year 1605, exclaim, • C'est une werueille de yoir 
chacun de (les atollons, enuironne d'un grand banc de 
pierre tout Rutour, Il'y ayant point d'artifice humain.' 
The abo\'e sketch of Whitsunday Island, in the 
S. Pacific, taken from Capt. Beechey's admirable 
Voyage, allhough excellent of its kind, ghes but a 
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faint idea of the singular aspect of one of tbese 
lagoon.island!!. Wbihmnday l!iland is of small size, 
and the whole circle has been conv('rtl;d into land, 
whi('h is", COmllllrfl.tivcly rare circumstnllce. As the 
rt'~'f of 8. lagoon.island generally supports Ulnny sepa
fate small islands, the word' island,' applied to the 
whole, is ofk:n the cnuse of confusion; hence I ha'·e 
im-ariably used in this volume the term' ntoll,' which 
is thl; name given to these circular coral formations by 
their inhabitants in the Indian Ocean, and is syn
onymous with' lagoon-island.' 

Bnrrier-reefB, when encircling small illiands, hose 
~cn comparatively little noticed by voyagers; but 

No.2. 

they well deserve attention. In their strueture they 
arl' IiUl~· le"s marvellous than atolls, and they giye a. 
llinj:tUlar and most picturellfJuecbaracterto thcBCcnery 
of the islands they surround. In the accompanying 
sketch, taken from the Yoynge of the Coquille, the reef 
is seen from within, from One of the high peaks of Bo· 
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laoola,1 one of the Society Islands. Here, I\S in Whit· 
sunday Island, the whole of that part of tho reef which 
is visible is converted into land. This ill a circum. 
stance of raro occunence; more usually 1\ snow-white 
line of great breakers, with here and there an islet 
crowned by cocoa-nut trees, separates the smooth 
waters of the lagoon.like channel from the waves of 
the open sea. The barrier reefs of Australia and of 
New Caledonia, owing to their enormOUII dimensions, 
have excited much attention: in struct~re and form 
thoy resemble thosc encircling lllany of the smaller 
islands in the Pacific Ocean. 

With respect to fringing, or shore rwfs, there is 
little in their structure which needs explanation; and 
their name expresscs their comparati"ely small ex· 
tension. They ditTer from barrier reefs in not lying 
fat from the shore, and in not having within them a 
broad channel of <;leap water. Reefs also occur around 
submerged banks of sediment and of worn-down rock; 
and others are scattered quite irregularly where the 
sea is vcry shallow; these are al1iod in most respects 
to fringing reefs, but are of comparatively littlo 
interest. 

I have given a se]Jaralo ohapter to each of tho 
above classes, and ha"e described some one reef or 
island, on which I possessed most information, as 
typical; and ha,'e afterwards compared it with others 
of a like kind. Although this classification is useful 

'I ha.ve taken Ihe liberty of limplifying Ihe fOl'('ground, and 
Ica"ing 0111 amOllnta.illOIlI i~l.ud in the fa.rdi,tanoe. 
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from iJ<.ing oU"ious, and from including most of the 
coral.redd existing in the open sea, it admits of a more 
fundamental di"jgiou into harrier and doll·formed 
rt.'l.f.s on the One hand, where there is 0. great apparent 
difficulty with respect to the foundation on which they 
mu~t 1irllt have grown; and into fringing reefs on the 
other, where, owing to the nature of the slope of the 
adjoining land, there is no such difficulty. The two 
blue tints and the red colour on the map (Plato Ill.) 
represent this main division, as explained in the be
ginning of the last cbapter. In the Appendix, e,'ery 
exiJ:lting coral.reef, except some on the coast of Brazil 
not included in the map, is briefly described in geo· 
grallhical or(ler, as far as I possessed information; and 
any particular spot may be found by consulting the 
Index, 

Severnl theories haye been admllced to cxpln:n the 
origin of atolls or lagoon·islands, but scarcely one to 
account for barrier-n.>efs. From the limited depths at 
which rC<'f·building polypifers can flourish, taken into 
CQnsi()l'ration with certain other circumstances, we are 
compdled to conclude, as it will be seen, that both in 
atolls and barrier· reefs, the foundation to which the 
cora.l WM primarily attached, has subsided; and that 
during this downward movement, the r/.!cfll have grown 
upwards. This conclusion, it will be further seen, 
('xiliains 1I10st satisfactorily, the outline and general 
form of atolls and Lanier-reefs, and likewise certain 
l>cculiaritics in their structure. The distribution, also, 
of the diffcrtnt kinds of coral·reef!!, and their l>o~ition 
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with relation to the areas of rcecllt elevation, and to 
the points subject to volcanic eruptiolls, fully accord 
with this theory of thcir origin. 1 

'Abri.fllCcounlolmy,·iewsoncoral formalion •• nowpubtished 
in my Journal of HeR.rehel,"'&8 read MaySI, 1837, before Ihe (;eo
logical Society, and.n abstr&elhu.ppe.red in the I'roc:eedingt. 
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CHAPTER I. 

ATOLLS OR LAGOON-lSLANDS. 

IIECTIOS FIRST, KEEUNO J.TOLL. 

Cor@ ... I" ""'" "'ovm----Zv," oj .... odli~-Ezllrior ruf
l.ltU COf'~k-Lt.fo-, CakGr<!OtOl .M;nsmt 
s.." Gild! HollltllU"id ~Uli"" OII_I.-eM"?,, ill l/w roN. 

4-""'''1 '.\Iru/'GIId id~~--~bl.~.a-()J t~ /lWU-
1\tl ... , u-m oJ11w u.,.-

KEELING or Cocos atoll is situated in the Indian Ocean, 
in 12" 5' S. and long. 90" 55' E. : 0. reduced chart of it, 
from the sun'oyof Capt. PitzRoyand the omeers of 
II.U.S. Beagle, is given in Plate 1. fig. 10. The 
grcak~t width of this atoll is nine miles and !L half. 
ita structure is in most respeds characteristic of the 
tlass to which it belongs, with the exception of the 
t;hallowllo,;>j of the lagoon. The accoOlpanying wood
cut (~o. 3) rqlrcbcllts a. vertical section, sUPl)()I;Cd to be 
drawn at low water from the outer COtuit across one ot 
the low islets (one being taken of average dimensions) 
to within the lagoon. The section is true to the scale 
in a horizontal line, but it could not be made so in a 
wrtical one, IL8 the average greatest beight of the land 
ib only between six and twelyc fcet above high. water 
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mark. I will describe the section, commencing with 
the outer margin. But I must first observe that the 
reef· building polYllifers, not being tidal animals, require 
to be constantly submerged or washed by the breakers. 
I was assured by Mr. Liesk, an intelligent resident on 
these islands, as well as by some chiefs at Tahiti (Ota. 

A_LeY~1 01 the I~n at low "'ater: where the letter A is placed. 
the depth ia 2i) fathoms. and the distanooralher more than 1;,)0 yards 
Iroml1.he edge 01 !.he reel. 

B- Outer edjje of thai flat parl. of the roef, whieh dries at low 
water: the edge either consistlof a OOnYe:l mound, Bo8 I1!pn!f.enled. 
or of rugged pointa.like those nlittle farther sea .... Bord,beneath the 
water. 

C_ Aft&tofcoral·rock,oo,·crednthighwBotcr. 
D-A low projecting ledge of breceiated coral·rock, w&shed by the 

wavesnthigll water. 
E - A slope of loose fragments, reaeb~l by the oon only during 

gBoles: the upper part, which is from six to twelve leet high, is 
clothed with "cSct/ltiou. The .urlace 01 the islet gently slopes to 
theh·soon. 

P - LoveloltbelagoonatlowwBoter. 

heite), that an exposure to the rays of the sun for a very 
short time invariably causes their destruction.l Hence 

1 [Thi.would be trueo! eertainsenerBoorspecieo,hutaecording 
to the ohler-'ationl made durinS the yoyage 01 tbe Chalknger (Re
porta Xyi. pp. 23,(6),andbyMr. Quppy (proc. II. S.Edin.xiii.p.8(l3). 
there are sotna which can bear uposul1!forniimitedtinte,perhapa 
two or threehoura,C!!pOl(:iaUy iI occasiou&lly wetted by the spray.] 
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it is poss.ible only under the most favourable circum
!>lances, afforded by an unusually low tide and smooth 
water, to reach the outer margin, where tbe coral is 
alive. I succeedN[ only twice in gaining this part, and 
found it wmost entirely composed of a living Porites, 
which forms great irregularly rounded masses (like 
those of an Astrrea, but larger) from four to eight feet 
broad, and little less in thickness. 'I'hase mounds are 
separated Crom cach other by narrow crooked channels, 
Iloout six feet deep, most of which intersect the line of 
rcef at right angles. On the furthest mound, which I 
was able to reach by the aid of a leaping-pole, and o\,er 
which the sea. broke with some violence, aJthough the 
day was quite calm and the tide low, the polypifcrs in 
the ullpc:rmost cells were all dead, but between three 
and rour inches lower down on its side they werc living, 
and formed a projecting border round the upper and 
dead surface. The coral being thus checked in its up
ware) growth, extends lateraJly, and hence most of the 
maJj.-<Cs, especially those a little further inwards, had 
broad flat dead summits. On the other hand I could 
!lee, during the recoil of the breakers, that a few yards 
further seaward, the whole convex SUl"fllCe of the 
Porites was alive: so that the point where we were 
lotallding was almost on the exact upward and shore
ward limit of existence of those corals which form the 
outer margin of the reer. We shall t>rc~ntIy see 
that thl're are other organic productiolls, fitted to bear 
a somewhat longer exposure to the air and SUIl. 

Next, but mueh inferior in importance to the 
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Porites, is the Millepora complallata. 1 It grows in 
thick vertical plat08, intersecting each other at \"arious 
angles, and (orma an exceedingly strong hOlley-combed 
mass, which generally assumes a. circular form, the 
marginal plates alone being alive. Between these lliat-es 
and in the proteded crc\icea on tbe reef, a. multitude 
of branching J:oophytes and otber IJroductioDS Bourisb. 
hut the Porites and MilIcpora a lonc sccm able to resist 
the.Cury or the breakers on its upper and outer edge ; 
at the depth of a. Cew fathoms other kinds of stony 
corals live. Mr. Liesk, who was intimately o.equainted 
with overy part or this reef, and likewise with that of 
North Keeling atoll, assured me that these corals iu
'Variably compose the outer margin. 'l'he lagoon is 
inhabited by quite a distinct set or coruls, generally 
brittle and thinly branched; but a Porites. apr-arenUy 
of the same specics with that 011 the outside, is found 
thcre, although it docs not seem to thrive, and cer
tainly docs not attain the thousandth llal't in bulk of 
the masses opposed to the breakers . 

The wood-cut (No. 3) shows the form or the bot
tom outside the reef : the water deepens very gradually 
ror a space or between one and two hundred yards 
wide, to a depth of 25 fathoms (II in section) , beyond 
which the sides plunge into the unfathomable ocean 
at an angle of 45 J 

I. To tbe depth of ten or twelve 

, Thi. Mil!epor.., (Pllmipor.of mainville,) u _II u the M. dlci_ 
tonIu,~th.Iin&"I .. rpropertyof.tiDgingthl",in ... hel'6i~ 
i,delicate, a,on th,f"e and ann . 

• ThelOundinpfrom ... hiehthi,aection illaiddown,,·effl laken 
with gr ... t eAffl bye.pt.in l-'itzUOlhimlle!f: he uaed .. bell-sh .. ped 
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fathoms, the bottom is exceedingly rugged Rnd seems 
formed of great masses of )il'ing coral, similar to 
those on the margin. The arming of tho lead here 
invariably came up quite clean, but deelJly indented, 
and chains and anchors which were lowered, in the 
hopes of tearing up the coral, were broken. Many 
small fragments, howeyer, of Mill~pom alcioorni, 
were brought up; and on the arming from an eight
fathom cast, there was a perfect impression of an 
Astrrea, apparently alive. I examined the rolled 
fragment.s eRst 011 the beach during gales, in order 
further to ascertain what corals grew outside the reef. 
The fragments consisted of many kinds, of which the 
Porites already mentioned and a Madrepora, appa
rently the M. oorymbo,a, were the most abundant. As I 
searched in vain in the hollows on the reef and in the 
lagoon, for a. living speeimen of this MadrerlOfe, I con 
clude that it is confined to a zone outside, and beneath 
the surface, where it must be very abundant. }~rag

mcnts of the ..lIilkpora (licicorni, and of an Astrma. 
were also numerous; the former is found, hut not in 
proportionate numbers, in the hollows on the reef; but 
the Astr9J1l. I did not see living. Hence we may infer, 
that these are the kinds of coral which form the 
rugged sloping surface (relJresented in the wood-cut 

1-.1, hlTing a diameter of four ineh., lnd the armlop..m time 
.. ere aUI off lnd brought on oo.rd fOf me to lumina. Thl anning 
i. a pr~plr.li()n of tal1o .. , plaoed in thl conell.vity r.t the boltom 01 
thl lead. S"",a, r.ad lven small fragment. 01 rock will adhere to i~; 
Ind illheboltomooofrock,itbring,uplnelactimpre'lionofih 
lurlr.oe, 
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by an uneven line) rOllnd and beneath the external 
margin. Between 12 and 20 fathoms the arming came 
up an equll\ number of times smoothed with sand, and 
indented with cornl: an anchor and lead were lost at 
the respective depths of 13 and 16 fathoms. Out of 
twenty-five soundings taken at a greater depth than 
20 fathoms, everyone showed that the bottom was 
covered with sand; whereas at a less depth than 
12 fathoms, every so\ruding showed that it was 
exceedingly rugged, and free from all extraneous 
particles. Two soundings were obtained at the depth 
of 360 fathoms, and several between 200 and 300 
fathoms. ti'he sand brought up from these depths 
consisted of finely triturated fragments of stony 
zoophyt-es, but not, as far as I could distinguish, of a 
particle of any lamelliform genus: fragments of 
shells were rare. 

At a distance of 2,2:00 yards Crom the breakers, 
Captain l<'itzUoy found no bottom with a line 7,200 
feet in length; hence the submarine slope of this coral 
formation is steeper tban that of any volcanic cone. 
Off the mouth of the lagoon, and likewise off the 
nonbern point of the atoll, where the currents aet 
violently, the inclination, owing to the accumulation of 
sediment, is less. As the arming of the lead from all 
the greater depths showed a smooth sanay bottom, I at 
first concluded that the whole consiste<l of a vast conical 
pile of calcareous sand, hut the sudden increase of depth 
at some points, and the fact of the line bal'ing been 
cut, wben between 500 and 600 fathoms were out, 
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indicates the probable existence of submarine cliffs 
of rook, 

On the margin of the reef, close within the line 
where the upper surface of tbe Porites and of the 
Millepora. is dea.d, three species of Nullipora flourish. 
One grows in thin sheets, like a lichen on old trees; the 
second in stony knobs, lUI thick as a ma.n's finger, 
radiating from a. common centre; and the third, which 
is IClls common, in a. moss·like reticulation of thin, but 
pcrfectly rigid branches,' The thrce species OCCU1' 

either separately or mingled togetber; and they form 
by their successive growth 1\ layer two or three feet in 
thickness, which in som.ecascs is hard, Imt where formed 
of the lichen-like kind, readily yields an impression to 
the hammer ; the surface is of a reddish colour. These 
Nulliporro, a.ltbough able to exist above the limit of 
true corals, seem to require to he Mthed during the 
greater part of each tide by breaking water, for they are 
not found inany abundance in the protected hollows on 
the baek part oCthe reef, where they might be immersed 
during either the whole or an equaillroportional time 
of each tide. It is remarkable that organic productions 
of such extreme simplicity, for the Nulliporro undoubt
edly belollg to one of the lowest clasBes of the vegetable 
kingdom, should be limited to a zone 80 peculiarly cir. 

, Thi. hUll apeciea;' of. beautiful brigh\ pMCh.blOMom colour. 
lu branehel are .boul IIlhick II ero ... .qlliH.; they .. 1'fI aligh\ly 
ftttlflned and knobbed .. t the ntrem;liea. The nt~mitiea only .. re 
aiiveand brighllyoolomW .. Tbe two other .pe4ie ... re of" dirty 
pU1VH,h white. Tho IOOOnd a.petiu i. extremely ha.rtl; its wort 
knob·like branche. are cylindrical,aud do Ilot grow thieker a.t their 
ntremitiea. 
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cumstanced. ITence the layer composed by their growth, 
merely fringes the reef tor a space of about 20 yards in 
width, either under the form of separnte mammillated 
projections, wbere theoutermasscsof coral are separate, 
or more commonly, where the corals arc united into a 
solid margin, as a continuous smooth convex mound 
(B in wood.cut) like an artificial breakwater. Both 
tho mound nml mammillated Ill'ojections stand about 
three feet higber than any otber part of the reef, by 
which term I do not include the islets, formed by the 
accumulation of rolled fragments. We shall hereafter 
see that other coral roofs are protected by a similar 
thick growth of Nulliporre on the outer margin, the part 
most exposed to the breakers, and this IUllst effectually 
aid in preserving it from being worn down. 

The wood-eut (at p. 8) represents a section across 
one of the islets on the reef, but if all that pn.rt which 
is above tho level of C were removed, the section 
would be that of the reef, as it occurs where islets 
ha.\'e not been formed. It is this red which essen
tially forms the atoll. In Keeling atoll the ring 
encloses the lagoon on aU sides cxcept nt the northern 
end, wbero there are two open spaces, through one 
of which ships can enter. 'fhe reef varics in width 
from 250 to 500 yn.rds; its surface is level, or "cry 
slightly inclined towards the lagoon, and at bigh-tide 
the sea breaks entirely over it: the water at low tide 
thrown by tho breakers on the reef, is carried by the 
many narrow and shoal gullies or channels ou its sur
face, into the lagoon: a return stream sets out of the 
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lagoon through the main entrance. The most frequent 
coral in the hollows on the reer is Pociliopora t:er

ruCQ8U, which grows in short sinuous piates, or branches, 
and when ali\'e is of a beautiful pale lake-red: a Mad
repora, closely allied or identical with M. pocillifera, is 
also common. As soon as an islet is formed. and the 
wa'\"es are pre'\"ented from breaking entirely over the 
reef, the channels and hollows become filled up with 

fragments cemented together by calcareous matter; and 
the surface of the xeef is cOn'l"erted into n. hard smooth 
floor (C of wood-cut), like an artificial one of free
stone. This flat surface "aries in wi(Uh from 100 to 
200, or even SOO yartle, and is strewed with a few large 
fragments of coral torn up during gales : it is uncovered 
only at low water. I could with difficulty, and only 
by the aid of 8. chisel procure chips of rock from 
its surface, and therefore could not ascertain how 
much of it is formed by the aggregation of detritus, 
and how much by the outward growth of mounds of 
corals, similar to those now living on tho margin. No
thing can be more singular than tho allpearnnco at low 
tide of this' flat' of naked slone, especially where it is 
externally bounded hy the smooth com'ex mowld of 
Nulliporm, appearing like a breakwater built to resist 
the waves, whieh are constantly throwing oyer it sheets 
of foaming water. The characteristic appearance of 
this' fla.t' is shown in the foregoing wood-cut of Whit
sunday Atoll. 

'The islets on the reef nre first formed between 200 

and SOO yards from its outer edge, through the accu· 
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muln.tion of a pile of frngmcnts, thrown together by 
some unusually strong gale. Their ordinary width is 
under a quarter of II. mile, and their length varies from 
a fow yards to several miles. Those on the S.E. anel 
windward side of the A.toll, increase solely by the addi· 
tion of fragments on their outer side; hence the loose 
blocks of coral, of which their surface is composed, as 
wclln.s the shells mingled with them, almost exclu
sively consist of those kinds which live on the outer 
coast. 'l'he highest part of the islets (excepting hil· 
locks of blo,m sand, scmeo! which are SO foot high), is 
closo to the outer beach (E of the wood-cut) ILnd aver
ages £rom six to ten feet above ordinary bigh-water 
mark. From the outer beach the surface slopes gently 
to the shores of the lagoon; and this sJope no doubt 
is due to the breakers, the further they 111l.Ye rolled 
over the reef, having h9.d less power to throw up 
fragments. 'rhe little waves of the lagoon heap up 
saud and fragments of thinly.branched corals on the 
inner side of the islets on the leeward si(ie of the atoll ; 
and these islets are brooder than thoso to windward, 
some ooing even 800 yards in width; but the land thus 
A.ddod is very low, The fragments bencath the surface 
are cemellt.ed into a solid mass, which is exposed as a 
ledge (D of the wood·cut), projecting some yards in 
front of the outer shore, and from two to four feet high. 
This ledge is just reached by the WM'es at ordinary 
high-water: it extends in front of all the islets, and 
everywhere has a walor·worn and scooped Il.ppcarallce, 
'l'he fragments oC coral which are occasionally cast on 
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the f flat' are during gales of unusual \-iolellce swept. 
together on the beach, where the Wa\'e8 each day at 
high-water tend to remove and gradual.ly wear them 
down; but the lower fragments arc fil'lllly cemented 
together by percolated calcareous matter, and they resist 
the daily tides longer than the loose upper fragments; 
and thus a projecting ledge is formed , 'l'hc cemented 
mass is generally of a white colour, but in some few 
parts reddish from ferruginous matter: it is "cry hard 
and sonorous under the hammer: it is obscurely divided 
by seams, dipping at a small angle seaward: it consists 
of fragments of the corals which grow on the outer 
margin. some quite and others partially rounded, some 
small and others between two and throo feet across; and 
of masses of previously formed conglomerate, torn up, 
rounded, and reeemented : or it consists of a calcareous 
sa.ndstone, entirely composed of rounded particles of 
shells, corals, the spines of cch ini, and other organic 
bodies generally almost blended together ;-rocks, 
of this latter kind, occur on many shores, where there 
are no coral-reefs. The structure of the coral in the 
conglomerate has geners.1ly been much obscured by the 
infiltration of spathose calcareous matter; and I col
lected an interesting series, beginning with fragments 
of unaltered coral, nnd ending with others, where it was 
impossible to discover with the naked eye any trace of 
orglUlic structure. In some specimens I was unable. 
even with the aid of a lells, and by wetting them, to 
distinguish the boundaries of the altered coral and 
sllathose limestone. Many even of the blocks of coral 
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lying loose on the beach, had their central parts altered 
and infiltrlloted. 1 

1'he lagoon alone remains to be described; it is 
much shallower than that of most atolls of considerable 
size. The BOuthern l>art is almost filled up with banks 
of roue) and fields of coral, both dead ILnd eJi,-c j but 
there are considerable spaces, from tlJree to four 
fathoms, and smaller basins from eight to ten fathoms 
deep. Probably about half its area consists of sedi
ment, and half oC cornl-recfs. The corals composing 
these reds have a "cry dilTerent aspect from those on 
the outsido: they arc numerous in kind, and most 
of them nre thinly branched. Meandrina, however, 
liYCB in the lagoon, and many great rounded masses 
of this coral lie loose or rumost loose on the bottom_ 
Tho other most commoll B}>ecies are three closely 
allied species of true Madrcpora with thin branches j 

Seriatllpora Iwbullita j two speeies of llori tes t with 
cylindrical branches, oneof which formseircularclumps, 
with only the exterior branches alh'c j and lastly, " 
coral solllf'thillg like an Explanaria, but with stars on 
both surflU!es, growing in thill, brittle, StOIlY, foliaceous 

, [De...! ~oral8tilllying on the beach hM been found to CQntain 
at leul (j per oent. of carbonate of magne~i •. though only a very 
,mall 'luantity is I'neoIenl in fresh co,.1 (uBually leu Ihan I per ~nq. 
l u old coral.rock ... mueh U 88-07 pt'r oent, hu been found (Dana', 
Co,.I, and Coral IIlan<b.th.vi.§9)" 

• Thi' Poritel hu .orne_hat Ihe habit of P. claro""" but Ihe 
b,.ncheaarenot knobbed at their end&. When alive ili,of. 
yellow colour, but at"'r having been ... uhed in frell, ... aU!r and 
placed to dry, a jd-blade Ilimylubst&nce exude,l from the entire 
.urfaee,lo that the Bp.cimen now appea" (u iI it had been dipped 
in ink. 
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expansions, cspecially in the deeper unsins of the 
lagoon. ~'he reefs on which these cornls grow are 
'cry i.rregular ill form, nre full of cavities, and ha,'e 
not a solid flat surface of dead rock, like that surround
ing the lagoon; nor can tbcy be nearly so hard, for 
the inhabitants by the aid of crowbars made a channd 
of considerable length through these reefs, ill which a 
t'ehooncr, built on the S.B. islet, was floated out. Jt is 
n. yery interesting ci.rcumstanee, pointed out to us by 
Mr. Liesk, that this cban.nel, although mnde less thl\n 
ten yenrs before our ,"isit, was then, as we IIItW, nlmost 
choked up with living coral, so that fresh eX('fl.\"atioIl8 
would be absolutely ne.cessary to allow another vessel 
to pass through it. 

The sediment from the deepest parts in the lagoon, 
when wet, allpeared chalky, but when dry, like '·cry fine 
l:iand. Large soft banks of similar, but c,'en filler 
graincd mud, occur on the S.B. shore of the lagoon, 
affordi.ng a thick growth of a Fuc\ls, on which turtlo 
{(>cd j this mud, although discoloured by vegetable 
mattcr, appears from its cntire solution in a.ci(ls to be 
]mrdy calcareous. I ha,-e seen in the Museum of the 
Gt.'Ologienl Society, a. similar but morercmarkabJe sub· 
stance, brought Ly Lieut. Nelson from the reefs of 
Bl!rmuda, which, when shewil to seyeml experienced 
St.'Ologists, WIUl mistaken by them for true chalk. On 
the outside of the reef mneh sediment must be formed 
L~' the action of the surf on the rolled fra.gments of 
("oral; but, in the calm waters of the lagoon, this can 
take place only ill 0. small degree. 'l'here a.rl'", however, 
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other and WICXpected Ilgents at work here: large shoals 
of two species of Senrus, one inhabiting the surf outside 
the ree( and the other the lagoon, subsist entirely,!'LSI 
wn.s Q,sBurcd by )1r. Licsk, the intelligent resident before 

referred to, by browsing on the Jiving polypifers. I 
opened severaJ of these fish, which are Ycry numerous 
and of considerable size. and 1 found their intestines 
distcndod by small pieces of coral, ami finely ground cal
careous matter. This must daily pass from them as the 
futest sediment; much also must be produced by the 
infinitely numerous vermiform and molluscous animals 
which make c8.yities in almost every block of coraL Dr. 
J. Allan of :E'orres, who has enjoyed the beat means or 
observation, informs rue in a letter, that the Holuthurire 
(1\ family of Radiata), subsist on living coral; L and the 
singular structure of bone within the anterior extremity 
of thcir bodies, certainly appears well adapted for this 
purpose. The number of the species of Iloluthuria, 
Imd of the individuals which swarm on overy part of 
these coral.reefs, is extraordinarily gn'at; and many 
ship-loads arc, as is well known, annually freighted 
for China with trcpang, which is n. species of this 
gCllUS. The amount or coral yearly consumed, and 
ground down into the finest mud, by thcscse\"erru crea
tures, nnd probably by many other kinds, must be 
immense. These facts are, however, of more importance 

I : ~If. Gupp),. Proe. n. s. I-:din. :tiii. p. B!l4, f!Jp'-- th" opinion 
thatlh" Holothurianldo not.ubs'sl on th8livingcoral, bulobt.'n 
nutrimentfroms ..... llv .. ing thela.nda.nddc\ri\alm.k!rial,of .... hich 
hrokencoralfc>rrusa.largecona\itueDt.j 
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in another poin~ of "iew, as showing us that tbere are 
li,-ing checks to the growth of coral- reefs, and that the 
almost universal law of 'consume and be consumed,' 
holds good eyen with the polYllifers forming those 
mas!>iYe bulwarks, whieh are able to withstand the force 
or the open octan. 

Considering that Keeling atoll, like other coral for
mations, has been entirely formed by the growth of 
organic beings, and the accumulation of their detritus, 
one is naturally led to enquire, how long it has con 
tinued, and how long it is likely to continne, in its 
Ilre8ellt state. Mr. Licsk informed me that he had 
seen an old chart in wh ich the present long island on 
the S.E. side was di\,ided hy several cha.nnels into as 
many islets; and he fUlSlu es me that the channels ean 
still be distinguished by the smaller size of the trees 
on them. On BCveral islets, also, I observed that only 
young cocoa· nut trees were growing 011 the extremities, 
and that older and taller trccs rose in regular succession 
behiud them; which shows that th~e islel.s ha.ye Yery 
lately increased in length. In the upper and 8OUth

eastern part of the lagoon, I was much surprised by 
finding an irregular field of at least a. mile square of 
branehingcorals, still upright, but entirely dead. They 
consisted of the species already mentioned; they werc 
of a bro ..... n colour, and 80 rotten, that in trying to 
stanci on them, I sank half wa.y up the leg, as if 
through decayed brushwood. The tops of the branches 
were barely covered hywater at the time of lowest tide. 
Severnl facts having le(i me to disbelieve in any eleva.-
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tion of the whole atoll, I was at first unablo to imagine 
\1 hat cause could have kiUed so large a field of coral. 
Upon reflection, bowel'er, it appeared to me that the 
dosing up of the aooye mentioned channels would Ix> 
a. Ruflicient cause; for Ocfom this, a strong breeze 
by forcing water' through them into the head of the 
lagoon, would tend to raise its level. But now this 
Cftnuot happen, and the inhabitants observo that the 
tide rises to a less height; during a high S.E. wind, at 
the head than at the mouth of the lagoon. 'l'he corals, 
which, under the former condition of things, had at
tained the utmost possible limit of upward growth, 
wo:.tld thus occasionally be exposed for a short time to 
the sun, and be killed. 

Besides the increase of dry land, indicated by the 
foregoing fads, the exterior solid reef appears to have 
grown outwards. On lhe western side of the atoll, the 
, flat' lying between the margin of the reef and the 
beach, is very wi(le : and in front of the regular beach 
with its conglomerate basis, there is, in most parts, a 
bed of sand and loose fragments with trees growing 
out of it, which apparently is not reached even by the 
spray at high water. It is evident some change has 
takcn place since the waves formt:d the inner beach ; 
that they formerly beat against it with violence was 
evident, from a l'emnrkably thick and water-worn point 
of conglomerate at one spot, now protected oy yegeta
tion amI a bank of sand; tha.t they beat against it in 
tho famo peculiar manller in which the swell from 
wilJ(lward now obliquely curls round the margin of the., 
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red, was e\'ident from the conglomerate having been 
worn into a point l)rojecting from the beach in a simi
larly oblique manner_ This retreat in the line of 
action of the breakers Ill(lY have resulted, either frolll 
the surface of the reef in front of the islets haring 
formerly been submerged, and afterwards having Oeell 
raised by accumulated fragments, or from the mounds 
of coral on the margin ha\-ing grown outwards, That 
an outward growth of this part is in I)rocess, can 
hardly be doubted from the existence of the mounds 
of Porites with their summits apJlarently lately killed, 
and their si(les only three or four inches lower down 
thickened by a [resh layer of living coral. But there 
is a difficulty in this supposition which I must not 
I)ass o,'er, If the whole, or It large part of the' flat ,' 
had been formed by the outward growth of the margin, 
each successive IlllU"gin would naturally have been 
coated by the Nulliponc, and so much of the surface 
would have been of equal height with the existing zone 
of living Nulliporro: this is not the case, as may be 
seen ill the wood-cut. It is, howeVer, evident from 
the abriUled state of the' flat,' with its original ine
qualities filled up, that its surface blLs been much 
modified; and it is possible that the inner portious of 
the zone of 8ullil)()rro, perishing as tho reef grows out
wards, might be worn down by the surf. If tms has 
not taken place, the reef ca.n in no Jlart have increased 
outwards in breadth since its formation, or at least 
since the Nulliporre formed the OOI1\'ex mound 011 its 
margin: for the zone thllS formed, which stands 
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between two and three feet above the other parts of 
the reef, is nowhere much above twenty yards in 
width. 

Thus far we haye considered facts, which iudicate, 
with more or less probability, an increase in the 
diameter of the atoll; but there are others having an 
opposite tendency. On the S.B. side, Lieut. Sulivan, 
to whose kindness I am indebted {or many interesting 
observations, found the conglomerate (D, in wood-cut 
p.8) projecting on the (eef nearly fifty yards in f!'Ontof 
the islets: we lIlay infer from what we elsewhere see 
that the conglomerate wa.s not originally so much 
exposed, but formed the base of an islet, the front and 
upper part of which has since been swept away. The 
degree to which the conglomerate, round nearly the 
whole atoll, has been scooped, broken up, and the frag
ments cast on the beach, is certainly very surprising, 
eyen on the dew that it is the office of occasional gales 
to pile up fragments, a.nd of the daily tides to wear 
them away_ On the western side, also, of the atoll, 
where I have described a bed of sand and fragments 
with trees growing out of it. in front of an old beach, 
it struck both Lieut. Sulivan and myself, from the 
manner in which the trees were being washed down, 
that the surf had lately recommence<! an attack on this 
line of coast. Allpearances indicating a slight en
croachment of the water on the land, are plainer within 
the lagoon: I noticed in several places, both on its 
windward and leeward shores, old cocoa-nut trees 
falling with. their roots undermined, and the rotten 
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stumps of others on the beach, whcre tho inhabitants 
assured us the cocoa-nut could not now grow. Capt. 
}'itzRoy pointed out to me, nea.r the settlement, the 
foundation posts of A. shed, now wn.shed by el'ery tide, 
but which the inhabitants atated, had wven ,rMrs 
before stood abo,e high water-mark. In the calm 
waters of the lagoon, directly connected with a great, 
and therefore stable ocean, it seems very improbable 
that a change in the currents, sufficiently great to 
cause the water to eat into the land on all aides, should 
have taken place within a limited period. Prom these 
considemtiOlls I inferred., that probably the ltioll had 
lalely subsided. to a small amount; and this inference 
was strengthened by the circumstance, that in 1884, 
two years before our "isil, the i~land had been shaken 
by a &Cvcro earthquake, and by two slighter ones during 
the ten previous years. 11, during these subterranean 
disturbances, the atoll did subside, the downward 
movement must have been ycry small, as we must con
clude from the fields of dead cornl still lillping the 
surface of the lagoon, fUld from the breakers on the 
western shore not hal'ing yet regained the line of their 
former action. The subsidence must, also, have been 
preceded by a long period of rest, during which the 
i~lcts extended to their present size, Md the living 
margin of tile reef grew either upwards, or as I believe 
outwards, to its present distance from the ooach. 

Whether this view be corred or not, the above 
(acts are worthy o( attention, as showing how Beyere a 
struggle is in progress on these loweoral-forwation.s 
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between the two nicely balanced powers oC land and 
water. With respect to the {ulure state or Keeling 
atoll, if left undisturbed, we can see that the islets 
may still extend in length; 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
creaaing breadth of the reef; and tbis must be limited 
by the steepness of the Bubmarine flanks, which can be 
added to only by sediment dorhed from the woar and 
tear of the coral. From the rapid growth or the coral 
in the channel cut for the schooner, and (rom the 
seycrai agents at work in producing fine sediment, it 
might be thought that the lagoon would necessarily 
become quickly filled up. Some of this sediment, 
however, is transported into tho open sca, aa appears 
from the soundings 01T the mouth of tbe lagoon, in· 
stead of being deposited within it. The deposition, 
moreover, of sediment, checks the growth of coral rcefs, 
so that these two agencies cannot act together with (ull 
cITed in filling up the Ingooll. We know so little of 
the habits of the Illany dilTerent species of corals which 
(orm the lagoon·reefs, that we have no more reason for 
supposing that their whole surface would grow up IL8 

(luickly as the coral did in the schooner.channel, than 
for supposing that the whole surface of a peat·moss 
would increase a.s quickly a.s parts are known to do in 
holes, where the peat has been cut away. These 
agencies, nevertheless, tend to fill up tho lagoon; but 
in proportion as it beeomes shallower, so must the 
poi:Yllifers be subject to many injurious agencies, such 
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as impure wnter and loss of food. For instance, Mr. 
Liesk informed me, that some years before our visit 
unusuaJly be!ny raill killed nearly all the fish in the 
lagoon, and llrobably the same cnuse would likewise 
injure the corals. 'fhe reefs also, it must be remem
bered, CIUlllot possibly risc abo .. e the lo .. el of the 
lowest spring. tide, so that the final cou\'ersion of tbe 
lagoon into land must be due to the accumulation of 
sedimcnt : nnd in the midst of the clear water of the 
ocean, anel with no ;;urrounding high ltlud, this process 
must be exceedingly slow. 

Gttltral /_ and IU" 0/ IltoU,. lI~ir rut. llna i.slttl-Exlerool 
tI<YfIIJ-7.1lM of Ni.llil'oNf'- Co"glo,~rIlU- -1Hplh of k,~
$ldime"t - Ruf • • u&",u~ tclwlly or in part-lJrw.chu i .. til, 
rttf - L«/.gt/O""M I1I4.n '01",(1 ",tail< lagrotU-Co'''-irlion of 
~i>l/ola.wl. 

r WI!.!. here gi\'e a sketch of the genera] form Ru-d 
structnre of the mnny ntol1s nml ntoll·formed reefs 
which occur in the Pacific nnd Indian oceans, compar· 
ing them with Keeling atoll. The Mnldi\'il. atolls and 
the Great Chn.gos Bank difTer in 80 tuany rcs.vects, thn.t 
I shall de\'ote to them, besides occasional references, a 
third section of this dmpter. l\eeling atoll may be 
coll!'!idered as of moderate dimensiODs aud of regular 
form. Of the thirty-two islands surveyed by Capt. 
Beeehey in the Low Archipelago, the longest was found 
to be thirty miles, and the shortest less than II. mile; 
Imt Yliegell atoll, situated in another part of the same 
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group, ilppears to be sixty miles long and twenty broad. 
Most of the atolls in this group !lre of an elongated 
form j thus Bow leland is thirty miles in length, and 
on an a,yerage only six in width (Soo Fig. 4, Plate 1.), 
and Clermont Tonnerehas nearly the same proportions. 
In the Marshall Archipelago (the Balick and Rada.ck 
group of Rotzebue) several of the atolls are more than 
thirty miles in length, and Rimsky Korsacoff is flfty
four long, and twenty wide at the brOA.dest part of its 
inegular outline. Most of the atolls in the Maldiva 
Archipelago are of great size, one of them (which, how
ever, bears a double name), measured ill a medial and 
slightly curved line, is no less than eighty-eight geo
graphical miles long, its greatest width being under 
twenty. and its least only nine and 0. half miles. Some 
noolls have spurs projecting from them; and in the 
MllIshall group there are atolls united together by 
linellI reefs, for instance MenchiolT Island (See Fig. S, 
'plate Jr.), which is sixty miles in length, und consists 
of three loops tied together. In far the greater num
ber of cases an atoll consists of a simpleelongnted ring, 
with its ontline moderately regular. 

'l'he average width of the annular reef may be taken 
at about a quarter of a mile. Capt. Beechey I says 
that in the a.tolls of the Low Archipelago it exceeded 
in no instance half a mile. Thc description given of 
the structure and proportional dimensions of the reef 
and islands of Keeling atoll, appears 00 apply perfectly 
to nearly all the atolls in the Pacific and Indian 

'Deeehcy·a Voyaeetothel'aeificandBehring·. Straits,ehap.,·iii. 
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oceans. The islets are first formed some way baek 
either 011 the projecting points of the reef, especially if ' 
its form be angular, or on the sidos of tho 'main en· 
trances into the lagoon-that is in botb cases, on points 
where tho breakers can act during gales of wind in 
somewhat different directions, so that the matter 
thrown up from one side may accumulate against that 
before thrown up (rom another. In Lutke's ehart of 
the Caroline atolls, we see many instances of tbe former 
(lilse j amI the OCCUl'rence of islets, as if placed for 
beacons, on the pointll where there is a gn.teway or 
bren.ch through the reef, has been noticed by seYeral 
authors. There are some atoll-formed reefs, rising to 
the surface of the sea and partly dry a.t low water, on 
which from some cause islets have nel-er been formed; 
and there are others, on which they have been formed, 
but have subsequently been worn away. In atolls of 
small dimensions tbe islets frequently bceome united 
into a single horse-shoe or ring-formed strip; but 
Diego Garcia, although an atoll of COl1si(Ierable size, 
being thirteen miles and flo half in length, has its 
hlgoon entirely surrounded, except at the northern end, 
by a belt of land, on an I\.verllge a third of flo mile in 
width. '1'0 show how small the total area of the annu
lar reef and tbe land is in islands of this class, 1 may 
quote a remark from the \"Oyage of Lutkc, namely, that 
if ihc forty-three rings, or atolls, in the Caroline Archi
pelago were put one wi~lin another, and over a steeple 
in tho centre of St. Petersburg, the whole would not 
cover that city and its suburbs_ 
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The form of the bottom, as gi\'en by Captain 
Beechey in his sections of the atolls in the Low 
Archipelago, exactly coincides with that already de
scribed in Keeling atoll: it gradually slopes to about 
twenty fathoms, at the distance of between one and 
two hundred yards from the edge of the r~r, and 
then plunges at an nllgle of 45 0 into unfathomable 
depths. l 'l'bo nature, however, of the bottom seems 
to differ, for this officer 2 informs me that nil the 
soundings, even the deepest, worc on coral, but he 
docs not know whether dend or alive. 'fhe slope 
round ChrishuRs atoll (Lnt.l°4' N., 157" 45' W.), de
scribed by COOk,3 is considerably less; at aoout half a 
mile from the edge of the reef, the M'orage depth was 
about fourteen fltthoms on a fine sandy bottom, and at 
a mile, only between twenty and forty fathoms. It has 
no doubt been owing to this gentle slope, that the strip 
of land surrounding its lngoon, hns increased in one 
part to the extraordinary width of three miles j it is 
formed of successive ridges of broken shells and cornls, 
like thosc on the beach. I know of no other instance 
of such width in the reef of an atoll j but Mr. F . D. 

'The slope of the bottom round the Marsl,a.1\ a.tolls in the 
Nonhern l'&cilia;s probably simila.r: Kouebue (First Voyage. yo\. ii. 
p.I(;)~YB,·\YehsdAta.QIllslldist"'n~tromthereef,fortyfBtholH6 
depth,which increa.6ed II little lunher 60 much that .... ecouldfind no 
bottom.' 

, I must be permitted to expreu my obligation toCaplain Beecher, 
lor tbeYerykitld mantler in which he has gi,·cn me information on 
severnl points, and to own lhegrea~aS!li$tatlce I ha,·edcr;,·ed from 
hisucellent pubHshed work . 

• Cook's Third Voyage, ,·ol. ii. chap. 10. 
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Bennett in forms me that the inclination of the bottom 
round Cl!.toline atoll in the Pacific, is like that off 
Christmas island, Yery gentle. Off the Maldh'o. and 
Chag08 atolls, the inclination is much more abrupt; 
thus at lIeo.wandooPhoio, Lieut. Powell I found 50 and 
60 fatholDs close to the edge of the reef, and at 800 
yards di~tance there was no bottom with a 800 yard 
line. Capt. Moresby informs me, that at 100 fathoms 
from the mouth of the lagoon of Diogo Garcia ho found 
no bottom with 150 fathoms: this is the more remark
able, as the slope is generally less abrupt in front of 
channels through a roof, owing to tho accumulation 
of sediment. At Egmont Island, also, at 150 fathoms 
from the reef, soundings were struck with 150 fathoms. 
Lastly, at Cardoo atoll, only sixty yards from the reef, 
no bottom was obtained, as I am informed by Captain 
Moresby, with a line of two hUlldred fathomfl! The 
currents run witb great force round these atolls, and 
where they are strongest, the inelinnlion appears to be 
most abrupt. I am informed by the same authority, 
that wherever soundings were obtained off these is
lands, the bottom was invariably slIndy: nor was there 
nny reason to suspect the existence of submnrinecliifs, 
as there was nt Keeling Island.1 IIere, then, occurs a 

, Tbislad itlal"m from a MS. &«Ollnt ot these group' l~nl me 
by Capt. More.by. See allO CaP.I. Mol'ftb,.'. paper on the Maldh·a 
atoll. in the Geognphica1 ~oumal, "'01. T, p. 4.01. 

• Oft 'lOme ot the alOlI. in the Lo ... Ar.:hipelago Ihe bottom 
appesl'1l to d~ndby l~. Off Elizabeth leland, which consist, 

~~;'.~dl~:T:~~~'~~~n~I~~l~ (rhe4~!uha~0 a~·!.~,::i:r' ~:a:: 
llil,. yardl ; Ihe -RWnd C1~ndl h'o hundred yards "'ith a del)ih of 

© The Complete Work of Charles Darwin Online 



32 ATOLLS. CII . r. 

difficultY;-Cflll sand acculUulate on n. slope, which, 
in SQme cascs, appears to exceed fift.y·five degrees? It 
must be observed, that I speak of slopes where sound
ings were obtained, and not of such cases, as that of 
Cardoo, where the nature of the bottom is unknown, 
and where its inclination must be nearly vertical. M. 
"F:lie de Beaumont I has a.rgued, and there is no higher 
authority on this subject, from the inclination at which 
snow slides down in ayalanches, that a bed of sand or 
mud cannot be formed at a greater angle than thirty 
degrees. Considering the number of 8Owu]ings on 
sand, obtained round the Maldiva and Cbagos atolls, 
which alJpear to indicate a greater angle, al1(] the ex 
treme abruptn~ of the sand·banks in the West Indies 
as will be mentioned in the Appendi.x, I must conclude 
that the adhesive IJroperty of wet sand counteracts its 
grayity, in a much greater ratio than has been allowed 
for by M. £lie de Beaumont. From the facility with 
which calcareous sand becomes agglutinated, it is not 
necessary to SUI)POSC that the bed of loose sand is thick. 

Capt. Beechey has obsen'ed, that the submnrine 
slope is much ]CSB at the extrcmities of the more 
elongated atolls in the Low Archipelago, than at their 
sides j in speaking of Ducic's Island he says ~ the 
buttress, as it may be called, which 'has the most 

',,·tnty_fi,·e falhom. , and lhenendl abruptly. like the lil'llt; and 
immediately beyond this !here it no botl(lm with t .... o hundn!d 
fathom ... 

, MtmoireilIOUrll(!,,·ir1unede&criplionOOOlog.de J.'ranCt,lOme 
;". p. 216. 

' llccchey',VoYlge, 4to.ed.p.H. 
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powerful cnemy (the S.W. swcll) to opposc, is carried 
out much furthcr, and with lcss abrulltness, than the 
other.' In some oa.scs, the less inclination of (1. certain 
part of the external l<lope, for instance of the northern 
extremities of the two Keeling atolls, is caused by a 
prevailing current which there accumulates a bed of 
sand. Where the water is perfectly tranquil, as within 
a lagoon, the reefs generally grow up perpendicularly, 
and sometimes eyen overhang their bases: on tho 
other hand, on tho leeward side of Mauritius, where 
the water is generally trnnquil although not inyariably 
so, the reef is yery gently inclined. Henco it appears 
that the exterior anglo is much varied. We can, 
however, discern the effects of uniform laws in the 
close similarity in form between the sections of Keel
ing atoll and of tho atolls in the Low Archipolago
in the goneral steepness of the reefs of the Maldiva 
and Chagos atolls-and in the porpemlicularity of 
those rising out of water always tranquil; but from 
the oomplex action of tho surf and eurrents on tho 
growing powers of the coral and on the deposition of 
scdiment, we can by no means follow out all the 
results. 

Whero islets haye been formed on the reef, that 
part which 1 ha,·o called the' flat,' and which is partly 
dry at low water, appears similar in everyatoU. In 
the Uarshall group in the N. Pfl.Cific, it may be 
iuferred from Chamis80's description, that the reef, 
where islets have not been forme4" on it, slopes gently 
from the external margin to the shores of the lagoon; 
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}~Iillders states that the Australian barrier has a 
similar inclination inwards, and 1 have no doubt it is 
of general occurrence, although, Rccording to Ehren
berg, the feefs of the ned Sea offer /ill exception. 
Chamis80 observes that· the red colour of the reef (at 
tbe Marshall atolls) under the brcnkers is caused by a 
Nullipora, which covers the stOllO u:/terel:er O,e WaVt8 

beat; and, under favourable circumstances, assumes a 
stalnctitical Corro,'-a description perfectly applicable 
to the margin of Keeling atoll. 1 Although Chamisso 
does not state that the masses of NuUipone form 
points or a. mound, higher than the fiat, yet 1 believe 
that this is the case; for Kotzebue,' in Rnother part, 
speaks of the rocks on the edge of the reef' lUI visible 
for about two feet at low-water,' and these rocks we 
may feel certain are not formed of true coraP 

1 Ketu=bue'. FiAt Veyage, vel. iii. p. 142. Near Perto Praya, in 
the Cape de Verde blands, BOrne b .... ltic recta, lashed by DC ineon . 
• iderabLe IUri.were eompletely en"eloped with alayerefNllllipora. 
The entire lurlaee ever m&nylquare i.n~hetl, ...... ~cloum OIl a peach. 
blOMOm red; the layel, he ... ever, ..... OIl ne grNl<!r thi~knea. thIn 
paper. Anctherkind, i.n the form of projecLiog knobe, grew in the 
laDle ';tuation. Th_ NuUipor. are el.-ly related 1.0 th.., de_ 
II(:ribedonthecoral-lftfa,blltIbelineareefdill'erentlpee.ies . 

• Kotubue" Fint Veyage, vel. Ii. p. 16. Lieut. Nel80n, in his 
uoellenl memeir in the Geological TI1UI~lion, (vol. ii. p. 105), 
alludes 1.0 Ihe reckypoinl.8 mentioned by Kelzebue, and inlers Ihal 
they oonlill ef SerpnL .. ,whieh compote inemlling DlIAIetI Cn the 
reef. ef IJ.ermnd .. , as theylikewi"" de en I ""nd.tene·ba. eff Ihe 
COM! ef IlrlZil, lUI delleribed by me in the iJOudoll Phil. Jeurnll, 
0<:1.1841. I have added mydeacription &I a Ihert. luppLemenl1.O 
the pruenl velume. Theile m&aaell of SerpuL. held the laDle pllIIi_ 
tion,rellliveLyto the actien ef the ""a. with the Nlillipor. en the 
ooraJ.r~la;nthelndian&ndP&eilic()Celn •. 

• Capt. MClelby, in his "ullable pe.per· On tbe Ncrthern AtoU, 

© The Complete Work of Charles Darwin Online 



,\TOl.LS. 3.) 

Whel1l(~r a smooth cOll\'ex mouud of :i'l'ulliporre, like 
that which nppears lUI if artificially constructed to 
protect the margin of l\acHug Island, is of frequcnt 
occurrence round atolls, I know not; but we shall 
presently meet with it under precisely the same form, 
on the outer edge of the' barrier reefs' which en· 
circle the Society Islands. 

There appears to be scarcely 1\ feature in the 
structure of Keeling roef, which is not of common, if 
not of universal occurrence, in other atolls, 'fhus 
Chamisso describes1 0. layer of coarse conglom"rate, 
outside the islets round the Marshall atolls, which 
'appears on its upper surface UIlO\'en Ilnd eaten 
Ilway.' }'rom drawings with appended remarks, of 
Diego Garcia in the Chagos group and of several (.If 
the Maldivl\ atolls, shown me by Captain Moresby,t it 
is evident that their outer coasts are subject to the 
sarno round of decay and renowdion as those of 
Keeling atoll , Prom the description of the atolls in 
the Low Archipelago, given in Captain Beechey's 
Voyage, it is not apparent that any conglomerate 
coral-rock was there obsen'ed. 

'1'ho lagoon in l\ecling atoll is sba1low : in the 
atolls of the Low Archipelago tbe depth varies from 20 
to 38 fatholDs, and in the Marshall Group, according 
to Chamisso, from 00 to S5: in lhe Caroline atolls it 

01 If.udi .... '(OeographicalJoum.I, .. ol.v,),''''1 th.t the edgetl 01 
the reef. Ihereltand.bo ... 'll'lter.t 10 .. Ipring lidea. 

, Kolzeboe'. Firat Vo,,~, "01, iii, I), 1H, 
, See .1.0 )J01Ub,. on the Northern Atoll. of the M.ldi,· ... (;eo. 

graphie.uJo\lrnaJ, .. ol, ... p.IOO, 
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is only It little less. Within the Maldh'o. atolls there 
are large spaces with 45 fathoms, and SOllie soundings 
are laid down at 49 fathoms. The greater part of the 
bottom in most lagoons, is formed of sediment j large 
spaces have exactly the same depth, or the depth 
\'aries 80 insensibly, that it is evident that no other 
means excepting aqueous deposition, could have 
levelled the surface BO equally. In the Maldiva atolls 
this is Yery conspicuous, and likewise in some of the 
Caroline and Marshall Islands. In the forme r, large 
spaces consist of sand and 8VJt clay j and Kotzebue 
speaks of clay having been found within one of the 
Marshall atolls. No doubt this clay is calcareous mud, 
similar to that at Keeling Island, and to that at Ber
mu(io. already referred to, as undistingnishable from 
disintep,rated chalk, and which Lieut. Nelson says is 
called there pipe_clay.L 

Where the wayes act with unequal force Oil the 
two sides of an atoll, the islets appcar to be first 
formed, and are gcnerallyof greater length on the more 
exposed shore. '1'he islets, also, which are placed 

, I may here ob&en-e that on the eoast of Brnil. where thero La 
muehcoral,the BOundings neu the land are du cril.>ed by Admiral 
UauII8Ln, in the Pik!u d .. Brtril, as silicoouB Band, mingled with 
much /inelycomminuted particles of sheila and coral. Furtherin 
Ihe offing, for a , pace of 1,300 miles along the COl.!!t, from the 
AbrolhOll islands to Maranha.m. the boltom in many place. il com· 
~ of 'tul blanc, m~1e ou form~ de madrt\pores broyn.' This 
whi~ ,ubBlance,probablyisanal0g0us to Ihatwhich OOCUI'II within 
the abo,·e.mentioned lagoons ; it is sometimes, ILC<XIrding to RoII"in. 
firm, and he C<;Impares il 10 mortar. [J'robably Ihe clay is oommonly 
siruilar to that mentioned by Mr. Guppy (Pr()C. R. S. Edin.yol. ",iii. 
I). 879 n.) and others. See the sbstraciol his paper in Appendi", l l.] 
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to leeward as regarels the trade-wind, are in most 
llarts of the Pacific liable to be occasionally swept 
entirely away by gales, equalling hurricanes in vio
lence, which hlow in the Ollposite direction . The 
absence of islets on the leeward side of atolls, or, 
when present, their lesser dimensiOllS compared with 
those to windward, is a. comparatively unimportant 
fact j hut it is remarkable that in sc'-eral instances 
the reef itself, althougb retaining itll usual defined 
outline, does not r ise to the surface by se"eral fathoms 
on the leeward side. This is the case with the 
southern side of Peros Banhos (Plate 1. fig. 9) in the 
Chagos group, with Moudleu atoll 1 in the Curoline 
Archipelago, and with the barrier reer (Plate 1. fig. 8) 
of the Gambier Islands, where Captain Beechey was 
first led to observe the peculiarity ill qucstion. At 
Peros BanhOIl the submerged part is nine miles ill 
length, and lies at an uyorage depth of about 
five futhomll; its surface is nearly leyel, and consists 
of hard stone with a thin ctwering of loose sand . 
There is scarccly any living coral on it, even on the 
outer margin, as I lliwe been }lflrtieularly assured by 
Captain Moresby: itis,in fact , a wnU of dead coral-rock, 
haloing the same width and tranS\"ccse section with the 
roof in its ordinary state, of which it is a. continuous 
portion. ffhe lh'ing and perfect parts terminate 
abruptly, and abut on the submerged portions, in 

, F~erie LII\k4i', Yor .. IIIIOllr dllllond~. '001. ii. p. 2'91. SHl 
1110 hi,accollnlofNlmOllOuilo,.Ipp.97Ind IM,lnd \hechrt of 
QulltAl in IheAI1 ... 
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the sa.me manner as occurs where there is a passage 
through the reef. The rcef to leeward in other cast's is 
nearly or quite obliterated, and one side of the lagooll 
is left open j {or instance, at Oulleay (Caroline Archi
pelago), whm'e a crescent-formed reef is fronted by an 
irregular bank, on which the other half of the annular 
reef probably once stood. At NamonOlllto in the SRIne 
Archil)(llago, both these modifications of the reef concur; 
it consists of It great flat bank, with from 20 to 25 
fathoms of water on it; for a length of more tiUln 40 
miles on its southern side it is open and without any 
red, "hilst on the other sides it is bounded by a reef, in 
parts rising to the surface and perfectly characterised, 
in parts lying some fathoms submerged. In the Chagos 
group lherearc allllularrecfscntircly submerged, which 
Iiaye the same structure as the submerged and defined 
portions just dcscri])ed. The Speaker's Bank offers an 
exceUentexample of this structure j itscelltral expanse, 
which is about 22 fathoms deep, is 24 miles across; the 
external rim is of the usual width of annular reefs, and 
is well-defined; it lies between six and eight fathoms 
beneath the surface, and nt tIle snme depth there aro 
scattered knolls in the lagoon. Captain Moresby believes 
that the rim consists af dead rock thinly coyered with 
sand, and he is certain that this is the case with the 
external rim of the Great Chagos Bank, which is also 
essentially a submerged atoll. In both these cases, as in 
the submerged portion of the reef at Peros Banhas, Capt. 
Moresby feels 8111'e that the quantity of living coral, 
even on the outer edge overhanging the deep-sea water, 
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is quite insignificant. Lastly, in seyeral parts of the 
Pacific and Jndian Oceans there are banks, lying at 
greater depths than in the cases just mentioned, of the 
same form and size with the neighbouring atolls, bllt 
with their atoll· like structure wholly obliterated. It 
appears from the sun'ey of Freycinet, that there arc 
banks of this kind in the Caroline Arch ipelago, and, as 
is reported, in the Low Archipelago. When we discuss 
the origin of the different clasBes of coral formations , 
we shall see that the submerged state of the whole of 
some atoll · formed reefs, and of portions of others 
generally but not inyariably 011 the leeward side, and 
the ex istence of more deeply submerged banks now 
possessing little or no signs of their original atoll-like 
structure, are probably the effects of a uniform caUBe,
namely, the death of the coral, during the subsidence of 
the area, in wbich tllf' atolls or banks are situated. 

'J'here are seldom (with theexeeption of the ~Ialdi\'a 
atolls), more than t\\"o or three channels, and generally 
only one leading into the lagoon, of sufficient depth for 
0. ship to enter. In small atolis, there is usually llOt 
eyen one. Where there is deep water, for instance 
above 20 fathoms, in the middle of the lagoon, the 
channels through the reef fire seldom as deep as the 
centre,-it may l>esaid that the rim only of the saucer
shaped bollow forming the lagoon is notched. Sir C. 
L.yell ' has ohserl'ed that the growth of the coral would 
tend to ohstruct all the channels through a reef, except 
those kept open by discharging the wuter, which during 

I PrinciplcB of Geology, vol. iii. p. 1.'89. [Vol.ii ' I'.609,ed.ll:l7Z.1 
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high tide and the greater part of each ebb is thrown 
OH'r alargc portion of its circumference. Several facts 
indicate that a. considerable quantity of sediment is 
likewise discharged through these channels; and 
Captain Moresby has obscned, (luring the cbtulge of 
the monsoon, that the sea is discoloured to some dis
tance olf the entrances into the Maldiva. and Cbagos 
atolls. This would probllbly check the growth of the 
coral in the channels, far more effcetun.1ly than if they 
merely discharged a. current of waler. Where there 
is not any channel, as ill tbe case of many small atolls, 
these causes hal'c not prevented the enhre ringaUain
illg the Burtn,ce. The channels, like the Buumerged aDd 
effaced parts of the reef, occur very generally, though 
not invariably on the leeward side of the atoll, or 011 
that side, according to Beechey,' which, from extending 
ill tho same direction with the prevalent wind, is not 
fully exposed to it. Passages between the islets on 
the reef through which boats Ci\n pll86 at high-water, 
must not be confounded with ship-channels by which 
tbe uunular reef itself is breached. The passages 
between the islets occur, of course, on the windward 
as well as on the leeward side; but they Elre more 
frequent and broader to leeward, owing to the lesser 
dimensiOlls of the islets on that side. 

At Keeling atoll the shores of the lagoon sheh'e 
gradually where the bottom is of sediment, and irregu. 
Inrly or abruptly where there are coral reefs; but tbis 
is by no mealls the unh'er8lli structure in other atolls, 

, Beeeb"'IYol&8e.4toed.vol.i.p,18~. 
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Chamisso.1 speaking in general terms of the lagoons in 
the Marshall atolls, says the lead generally sinks 'from 
a depth of two or three fathoms to twenty 01' twenty
four, and you may pursue aline in which OITone side 
of the boat you may see the bottom, and on the other 
the azure· blue deep water.' The sbores of the lagoon
like channel within tbe barrier· reef at Yanikoro bave 
a similar structure. Captain Be<!cbey has described a 
modification of this structure (and he believes it is not 
uncommon) in two atolls in the Low Archipelago, in 
wh ich the shores of the lagoon descend by a few broad, 
slightly inclined ledges or steps: thus at Matilda 
atoll,' the great exterior reef, the surface of which is 
gently inclined inwards, ends abruptly in a little 
submarine cliff three fathoms deep j at its foot, a 
ledge 40 yards in width also shelves gently in
wards, like the surface-reef, and terminat.es in a 
second little cHff five fathoms deep; beyond this, the 
bottom of the lagoon slopes to 20 fatholl1s, which 
is the avcrage depth of its centre. 'l'hcse lodges 
seem to be rormed or coral rock j amI Captain Beechey 
says that the lead often descended several fathoms 
through holes in them. In some atolls, all the cornl 
r<:<!fs or knolls in the lagoon come to the surface at 
low· water ; in other cases of rarer oceurrellce, all 
lic at nearly the same depth beneath it, but mObt 

, KOlz~b".,'. Finli VOl.> ~,,1. iii. p. 142 . 
• SNell.,,'. v",., '10 ed. vol. i. I). 160. AI Whitaunda,lIllmd 

the boltom of the lagoon Ilofte' gradually toward, Ihe C('nlre,&nd 
Ihendeepenl luddenl"the IIdge of the bank being nearl'l'erpell' 
\lieular. Thi.bank i.fonnedofooral anddead.heU •. 
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frequently they firc quite irregular~some with per· 
pendicular, Bome with sloping 8ides~8ome rising 
to the surface, and otbers lying a.t all intermediate 
depths from the bottom upwards. I cannot, there
{are, SUllpose that the union of Buch 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 hlatildaIslal1d, which 
offers the best" example of the step-like structure, 
Captain Beeehey observes that the coral knolls within 
the lagoon arc quite irregular in their height. We 
shall hereafter see that the theory which accounts for 
the ordinflIY Corm of atolls, apparently includes this 
occasional peculiarity in their structure. 

In the midst of a group of atolls, there sometimes 
occur small, fiat, very low islands of coral formation, 
which probably once included a lagoon, since tilled 
up with sediment and coral-reefs. Captain Beechey 
entertains no doubt that this has been the case with 
the two small islands, which alone of thirty-one sur
veyed by him in the Low Archipelago, did not con
tain lagoons. Uomanzolf Island (in lat. 15° S.) is 
described by Chamissol I1S formed by a. dam of madre
pori tic rock inclosing a flat space, thinly covered with 
trees, into which the sea on the lcewarcl side occa.siou
nlly breaks. North Keeling atoll appears to be in a 
rather less forward stage of conversion into land: it 
consists of a borse-shoe shaped strip of land surround· 
ing a muddy flat, one mile in its longest axis, which is 

, Kotzebue·. Firat Voyage, vol. iii. p. 221. 
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eO"ered by the sea only at high-water. When de· 
scribing South Keeling atoll, T endeavoured to show 
how slow the flllal process of filling up a lagoon must 
be; nevertheless, as all causes do tend to produce this 
effect, it is "ery remarkable tbat not one instance, as I 
believe, is known of a moderately sized lagoon being: 
tilled up evell to the low-wa.ter line at spring-tides, 
much less of such a one being conYl'rted into land. It 
is, likewise, in some degree remarkable, how few atoll,;, 
except small ones, arc surrounded by a single linear 
strip of lanel formed by the union of scpnmte islet.s. 
We ea.nnot suppose that the IllfHly Iltolls in the Pacific 
and Indian ocenns nil ha\'e had a late origin, and :'Il:t 

should they remain at thl:ir llresent leyel, subjected 
only to the action of the sea and to the growing l)(lwel's 
of the coral, during as many centuries as must haye 
(·ill.paed since nny of the earlier tertiary epochs, it can
not, 1 think, he doubted that their lagoons and the 
L\llcts on their reef, would present a totaUy different 
1I.1lpenranc3 from what they now do. This considera
tion leads to the suspicion that some agency (namely, 
subsidence) comes into lliay at intcrYnls. and renoyates 
their original structure. 
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Maldiva A~chi~l<7go-n;nglorm.ffl ru!,. ma~9'inal and Uftlral
G~eat <uph in 1M lagocm& o! I~ """,t~ ... atoll4-Rufs i ... j~ 
lagtx:ms aU rllll<:iI 1M tmr!llU--PNiticm of uktl, aM Iweaclu'in 
j~ r«f' u·i,th .. uput to tk prroaknt winJ" aM ac/w... of 1M 
lrot'U-DulnU"tw.. o! "'ku-Rdatiml- in. po8itiDn betlUeIO du · 
ti'lCt aroll.!-TIw apparent dilut-ernumt of lar~ atoll.!-The 
Great CMflO' lkmlc-Its $ubmfflltd COfIdilicm a.id ~zlraordinary 
.tmelun. 

ALTHOUGH occnaional references have been made to the 
Maldiva atolls and to the hanks in the Chsgos group, 
some points of their structure desen-e further consi
deration. My description is derived from an exami
nation of the admirable charts lately published from 
the survey of Captain Moresby and Lieut. Powell, 
and more espe<.!ially from information which Captain 
Moresby has communicated to me in the kindest 

The Maicliva Archipelago is 470 miles in length, 
with a.n average breadth of about 50 miles. fl'he form 
and dimensions of the atolls, and their singular posi. 
tion in a double line, ma.y be seen, though imperfectly, 
in the greatly reduced chart (fig. 6) in Plale II. The 
dimensions of the longest atoll ill the groUll (called by 
the double name of MilIa·dou-Madou and Tilla·dou
Matte) ha.ve already been gh'en; it is 88 miles in a 
medial and slightly curved line, and is less than 20 
miles in its broadest part. Suadiva, also, is a noble 
atoll, being 44 miles across in one direction, and 34 in 
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another, and the great included expanse of water has a. 
depth of betwcen 250 nnd 300 feet. The smaller atolls 
in this group ditTer in no respect from ordinary ones; 
but the larger ones are remarkable from being brctLCbed 
by numerous deep-wa.ter channels leading into the 
lagoon; for instance, there arc 42 channels through 
which a ship could enter the lag:oon of Suadim. In 
tho three southern large at-olls, the separate portions of 
reef between these channels ha'"e lbeordinary structure 
and are linear; but in the other atolls, eflpeein.lly the 
northern ones, these portions are ring-formed like 
miniature atolls. other ring-formed reefs rise out of 
the lagoons, in the place of those irregular ones which 
ordinarily occur there. In the reduction of the chart 
of Mahlos Mahdoo (Plate n. fig. 4), it was not found 
casy to define the islets and the little lagoons within 
cacb reef, 80 that the ring-formod structure is Yery im
perfectly shown: in the large published charts of TiUa.
don-Ma.tte, the appearance of these rings, from sta.nd
ing further allart from each other, is very remarkable. 
Tho rings on the margin are generally dongated; 
many of them nre three, and some Ol'en fh'e miles in 
diameter; those within the lagoon are usually smaller, 
few being more than two miles across, and the greater 
number rather loss than ono, The depth of the little 
lilgoon within these small lUlllulnr reefs is generally frum 
Ihe to SOl'en fathoms, but occasionally more; and in Ari 
atoll many of the central ones are twch'c, aud BOrne 
even more than twelve fathoms deep. These rings rise 
abruptly from tho platform or bank on which they 

© The Complete Work of Charles Darwin Online 



46 ATOI.LS. Cn, r. 

stam!; their outer margins urc inwtriably bordered by 
living coral, I within which there is n. flat surface of 
coral rock; on this flat, sand and fragments hM'C in 
many CIlSCS accumulated and been cOIwcded into islets 
clothed with vegetation. They src indeed larger, and 
contain deeper lagoons than many true atolls standing 
in the open sca; amI I can point out no essential 
difference between these little ring-formed reefs anel 
the most perfectly characterised Btolle, exr:epting tbnt 
they are bo.scd on a shallow foundation, instead of on 
tho floor of the ocean, and that instead of being 
scattered irteglilarly, they are grOUpcfJ closely together 
with the marginal rings arranged in It ruclely-formed 
circle. 

The per feet aeries which can be traced from a linear 
fccf like that surrounding an ordinary ato\1, to others 
which are ring.formed and much elongAtcd but wn

taining only a. vcry narrow lagoon, and to others which 
IIrc oval or almost circular, renders it probable that the 
latter nro merely modifications of a Iincar and normal 
rcer. 'l'ho fad that the marginal nnnular reefs 
generally have their longest nxes dirCCUxI in the line 
which the exterior linear reef would have held, agrees 
with this view. We Dlay also infer that tbe central 
annular reds are modifications of those irrt'gular ones, 
which are found in the lagoons of all COmmon aloUs. 
H appears from the charts on 0. large scale, that the 

, C.plain Mo.".by informs me Iha' .l1i/1t"}Xml compkllt<l/a il one 
..,f Ihe CClmmon".1 kind. on the outer margin, ... il i, a' Keeling 
aloll. 
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ring-like structure in these central reefs is 
tingcnt Oil the marginnl channels or brenches being 
wille; ami, consequently, Oil the whole interior of 
the atoll being freely exposed to the waters of the 
OIX'n sea. When the channels are narrow or few in 
number, although the lagoon be of great size and 
depth (as in Suadi,'s.), thert! are no ring-formed reefs; 
where the channels are somewhat broader, the mar· 
giMI portions of reef, and especially those close to the 
larger channels, are ring. formed, but the central ones 
aro not so; where they aro broadest, almost every 
rC(lf throughout tho atoll is more or 1£!8B perfectly ring
formed. Although their presence is thus contingent 
on the openness of the marginal channels, the thoory of 
their formntion, as we sho.!1 hereafter see, is included 
in that of the parent atolls of which they form the 
separato portions. 

'1'he lagoons of all the atolls in the southern part of 
the Archipelago are (rom 10 to 20 fathoms deeper than 
those in the northern part. This is well exemplified in 
the case of Addoo, the southernmost atoll in the group, 
for although only 9 miles in its longest diameter, it has 
a depth of Sf! fathoms, whereasnll the other small o.tolls 
have comparatively shallow lagoons; I can assign no 
adequate cause for tbis difference in depth, oxcellting 
that the southern pa.rt or the Archipelago bas subsided 
to II. greater degree or at a quicker rate than the 
northern part; and this conclusion agrees well witb the 
fuct thll.t, in the Chagos group, lying 280 miles still 
further southwards, most of the atolls 11.1'0 sunken Ilud 
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half destroyed with the dcarl cornls. III tho central and 
deepest IlRrt of the Maldiva lagoons. the bottom'consists, 
as I a.m informed by Captain Moresby. of stiff clay 
(probably a. ca.lcareous mud) ; nearer the border it COll

sists of sand, and in the channels through the reef, of 
hard sand-banks.sandstone,couglom(>rate rubble, aDds. 
little the coral. Close outside the reef the bott{)m is 
sandy, and slopes abruptly into unfathomable depths. 
In most lagoolls tho depth is considerably greater 
in tbe ccntre than in the channels; but in Tilla
don-Matte, where the marginnl rillg-fOl'med roofs 
stand far apart, the same depth is carried across the 
entire atoll, from the dcep-wa,tcl' line on OIlO side to 
that on the othor. I cannot refrain from once again 
remarking on the si.ngular structure of these atolls, 
_& great sandy and generally concave disk rises 
abruptly from the unfathomable ocean, with the central 
expansestudded and the margins symmetrically fringed 
with o\'al basins ot coral·rock,jud liPllillg the surface 
of the sen., sometimes clothed with vegetation, and each 
containing a little lake of clear salt wator. 

In the southern MaldiytL atolis, of whicb tbere are 

nine large ones, all the small reefs within tho lagoons 
come to the surface, and aro dry at low-water spring
tides; hence in navigating them there is no danger 
from submarine banks. This circumstance is very 
remarkable, as within some atolls, for instance those of 
the neighbouring Chagos group, not a Bingle reet cOlUes 
to the sudanc, and in most othor cases a fow only do, 
and the rest lie at all intermediate dopths fl'om tho 

© The Complete Work of Charles Darwin Online 



MALDIVA ATOLLS. 49 

bottom upwards. When treating of the growth ot coral 
I shall ngnin reter to this subject. 

Although in the neighbourhood ot the Maldiva 
Archipelngo the winds, during tho monsoons, blow 
during nearly an equal time tram opposite quarters, 
and although, as I am informed by Captain Moresby, 
the westerly winds are the strongest, yet the islets are 
almost all placed on the eastern side of the northern 
atolls, und on the south-eastern side of the southern 
atolls. That the tormation of the islets is due to 
detritus thrown up from the outside, IL~ in the ordinary 
manner, and not from the interior of the lagoons, mny, 
I think, be safely interred frolll seyerl\l considerations 
which it is hardly worth while todelail. As the easterly 
winds are not the strongest , their action probably is 
aided by some prevailing swell or current. 

In groups of atolls exposed to the trl\de wind, the 
ship.channels into the lagoons are almost always 
sitnate<i on the leeward or less exposed side of the reef, 
anci the reef itself is sometimcseither wanting there, or 
is submerged. A strictly analogous, but different, faet 
may be obsen-ed at the Maldiva atolls-namely, that 
where two atolls stand near to~ther, the breaches in 
the reef arc most numerous on the sides which face each 
other, and are therefore less exposed to the waycs. Thus 
011 the sides of Ari and the two Killandoo atolls which 
face S. Male, Phalcedoo, and Moloque atolls, there are 
seventy-three deep-waterchallnels, and only twenty-five 
on the outer sides; on the three latter-named atolls there 
arc flfty· six openings on the near side, and only thir ty_ 
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seven on the outside. It is scarcely possible to attri· 
bute this difference to any other cause thaD the Borne
what different IWtion of the sea on the two sides, which 
would cnsue from the mutual protection afforded by 
the two rows of atolls. I may bere remark that in 
most cases, the conditions fs.Yourable to the greater 
accumulation of fragments on the reef and to its 
morc perfect continuity on one side of the atoll tban 
on the other, have concurred, but tbis has not been 
the case with the MnJdivaa; for we have scen tha.t the 
islets are placed on the eastern or south-eastern sides, 
whilst the breaches in the fccf occur indifferently on 
any side where prot.ccted by an opposite atoll. The roof 
being more continuous on the outer and morc exposed 
sides of those atolls which stand ncar each ('Ither, 
accords with the fact, that the reefs of the southern 
atolls are more continuous than those of the northern 
ones, for the former, as I am informed by Captain 
Moresby, are more CODstantly exposed to a heavy surf 
than are the northern atolls. 

The date of the first formation of some of the islets 
in this Archipelago is known to the inhabitants; on the 
other hand, several islets, and even some of those which 
are believed to be \'ery old, are DOW last wearing away. 
The work of destruction has, in some instances, been 
completed in ten years. Captain Moresby found on one 
water-washed (eef the marks of wells and graves, which 
we(e excavated when it supported an islet. In South 
Nillandoo atoll, the natives say that three of the islets 
were formerly larger: in North Nillnndoo there is one 
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now being washed away; and ill this latter atoll Lieut. 
Prentice found a reef, about six hundred yards in 
diameter, which the nati,'es positively affirmed was 
lately an island covered with cocoa-nut trees. I t is now 
only partially dry at low-wawr spring tides, and is (in 
l~ieut. Prentice's words) 'entirely covered with Jive 
coral and madrepore.' In the northern part, alao, of 
the M'aldiva Archipelago and in the Chagos group, it 
is known that some of the islets are diSILJlpearing. 
The nati"es attribute these effects to variations in the 
currents of the sell.. For my own part I cannot avoid 
suspecting, that there must be some further cause, 
which gives rise to such a cycle of change in the action 
of the currents of the great an() open ocean. 

Several of the atolls in this Archipelago are so 
related to cach other in form and position, that at the 
first glance one is led to suspect that they have 
originated in the disseverment of a single one. Male 
consists of three perfectly characterised atolls, of which 
the shape and relative position arc such, that a line 
dro.wn closely round aU three gives a symmetrical 
ligure; but to sce this, a larger chart is required than 
that or the Archipelago in Plate 11. The channel 
scl,arnting the two northern Miile atolls is only little 
more than a mile wide, and no bottom was found in it 
with 100 fathoms. Powell's Island is situo.tcd a.t the 
distance of two miles and a-half off the northern end 
of another a.toll, namely MahlOB Mo.hdoo (fig. 4), at 
the exact point where the two dides of the latter, 
if prolonged, would meet: no bottom, however, 
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WILS found in the channel with 200 fathoms: in the 
wider channel between IIorsburgh atoll antI theaouth. 
ern end of Mahlos Mahdoo, no bottom was found with 
250 fathoms. In these cases, the r{'latian consists 
only in the form and position of the atolls. But 
in the channel between the two Nilllludoo atolls, 
although three miles and a-quarter wide, soundings 
wCl'e struck at the depth of 200 fathoms: the channel 
betw~n Ross and Ali atolls is four miles wide, and only 
150 fathoms deep. Here then we have a. submarine 
connection, besides a. relation in position and form. The 
fact of soundings hanng been obtained between two 
scparate and perfectly characterised atolls is in itsel£ 
interesting, as it has never, I belicl-c, been effected in 
ally of the many other groups of atolls in the Pacific 
and Indian seas. In continuing to trace the con
ncction of adjoining atolls, if a hasty glance be taken 
at the chart (fig. 4, Plate II.) of Mnhlos Mahdoo and 
the line of Wlfathomable water be followed, no one 
will hesitate to consider it as one atoll. But a seeond 
look will show that it is divided by a bifurcating 
channel, or which the northern arm is about one mile 
and three-quarte!"'S in width, with an average depth 
of 125 fathoms, and the southern one throo·quartere 
of a mile wide, and rather less dOOI). These channels 
resemble in the slope or their sides and general form, 
those which separate atolls in every respect distinct; 
and the n()rthem arm is wider than that dividing two 
of the Mille atolls. The ring-formed reefs on the 
northern and southern sides of this bifurcatillgchannel 
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are elongated, and so continuous that the northern and 
southern portions of Mahlos MIlhdoo Illay claim to 
be considered as distinct atolls. But the reefs of 
the intermediate portion are less perfect, 80 that this 
portion hardly yet resembles a dil"tinctatoll. Mablos 
1Ilahdoo, therefore, is in e,ery respect in an inter
mediate condition, 80 that it may be considered either 
as a. single atoll nearly dissevered into three portions, 
or as three atolls almost perreet and intimately con· 
neeted . 'I'his is an instance of a very early stage of 
the apparent disseverment of an atoll, and another 
is exhibited at Tilla·dou·~.ratte. In one part of 
this atoll , the ring.formed reefs stand 80 far apart 
from each other, that the inhabitants have given 
different names to the northern fwd southern hah-es : 
nearly all the rings, moreover, are so perfect, and 
stand so separate, and the space from which they Tise 
is so level and unlike a true lagoon, that we can easily 
imagine the conversion of this one grelLt atoll, not into 
two or three portions, but into a whole group of 
miniature atolls. A series sllch as we h,we here 
traced, impresses the mind with the idea. of actual 
change; amI it will hereafter be seen, that the theory 
of subsidence together with the Il}lward growth of the 
coral.reefs, modified by accidents of probable occur· 
renee, accounts for the oecasionaJ disseverment of large 
atolls. 

The great Cbagos Bank alone remains to be de· 
scribed. 1 In the Chllgos group there are some ordi· 

I [8ft. AI)}>endiJ.ll.] 
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nary atolls, some annular tC(!fs rising to the surface 
but without any islets on them, and BOrne atoll· formed 
banks either quite or nearly submerged. or the 
latter, the Great Chag08Bank is much the largest, and 
differs in its structure from the others; a plan of it 
is given in Plate 11. fig. 1, in which, for the sake of 
dearness,l have hOO tbe parts under ten fathoms deep 
fmelyshaded: an east and wcst vertical section is giycn 
in fig. 2, in which the vertical scale has been neces· 
sarilyexaggerated. Its longest axis is ninety nautical 
miles, anclll.nothcr line dra .... 'Il across the broadest part, 
at right angles to the first, is 8Cventy. The central 
l)o.rt cOllsists of 1\ lo'-cl muddy flat between forty and 
fifty fathoms deep, which is surrounded on all sides, 
with tho exception of BOrne breaches, by the steep 
edges of a set of banks rudely arranged in a circle. 
These banks consist of sand with a very little live 
coral; they vary in breadth from five to twelve miles, 
and on flll average lie floout sixteen fathollls beneath 
the surface j they nre borderod by the steep edges of a 
third narrow and ullper bank, which forms the rim to 
the whole. This rim is about a. mile in width, Rnd, with 
the exception of two or three spots where islets have 
been formed, issuhmerged between five and ten fa.thoms. 
It consists of smooth hlird rock, covered with a. tbin 
la.yer of sand, but with scarcely any live coral j it is 
steep Oil both sides, and slopes abruptly outwards into 
unfathomable depths. At the distance of less than ha.1r 
a. mile from one part, no oottom was found with 190 
fathoms; and off another point, at a somewhat greater 
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dista.nce, there was nono with 210 fa.thoms. Small 
steep-sided banks or knolls, covered with luxuriantly. 
growing coral, rise from the interior expanse to the 
same levclwith theexterllal rim, which, Rswe have seen, 
is formed only of dead rock. It is impossible to look at 
the plan (fig. I, Plate 11.), ruthongh reduced to 80 

small a scrue, without at once perceiving that the Great 
Chagos Bank is, in the words of Captain Moresby, I 'no
thing more than a half·drowned atolL' But of what 
great dimensions, and of how extraordinary an internal 
structure! We shall hereafter have to consider both 
the cause of its submerged condition, a state com mOll 
to other banks in the group, and the origin of the 
singular submarine terraces which bound the central 
expanse; these, I think it can be shown, have resulted 
from a cause ILnR.logous to that which hall produced the 
bifurcating channel across Mah\oll Mahdoo. 

'Thi, ol'Doer has had the kindne .. to lend me sn nee!Jent MS. 
aooount of ilieCht.gO& laLauds; from Ihi, paper, from Ihe published 
charts, and from "elbal infonnation communica1.ed 10 me by Captain 
~oresby, the above account of ilie Oreat C~ Sank ia taken. 
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CHAPTER II. 

Ckouly re,wnbk in ~llonn and .tructure a/QIl-rttjl-lVidth 
alld thpil .. of 1M /agooII..channeu-Br-eache, Ihro1J.gk tM raj in 
jrtJllt of valley" and gellerally "'" tlu luward ride-Cluekl to 1M 
filling up of Ow lagoon-eh4nnd.1-Sue and =til!<lilm 0/ the 
endrclm idan4-Nllm~ 0/ itlana" 'Wilhi .. tlw 3<1t1U1 f'uj
lJarriM·ruj. of New CaUdonm and Awlralia-Pwition oj the 
rul relativ8 ro 1M .lope 0/ the adjDini"9' land- Probabu gTwt 

th~k'Ui"ofbal'riff."ufl . 

THE term' barrier' has been generally applied to that 
"nst reef which fronts the N .E. shore of Australia, and 
by most voyagers likewise to that on the western coast 
of New Caledonia. At one time I thought it COll

v('nient tbus to restrict the term, hut as these reefs are 
similar in structure and in position relatively to the 
hmd, to those, which, like a wall with a deep moat 
within, encircle many smaller islands, I have classed 
them together. The reef, also, on the west coast of 
New Caledonia, circling round the extremities of the 
island, is an intermediate form between a. small en
circling reef Rnd the Australian barrier, which stretches 
for a. thousand miles in nearly a straight line. 

The geographer Balbi has in effect described those 
barrier-reefs which encircle moderately sized islands, 
by calling them atolls with high land rising from 
within their central expanse. The general resem-
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blance between the reefs of the harrier nnd atoll 
classes may be seen in the small, hut accurately reo 
duced charts on Plate 1.,1 and this resemblance can be 
further shown to extend to e,'ery part of their struc· 
ture. Beginning with tbe outside of tho rC<lf j many 
scattered soundings off Gambier, Ualan, and some 
other encircled islands, show that close to the breakers 
there exists a. narrow shelving margin, beyond which 
in most caecs, the ocean suddenly becomes unfathom· 
able. Off the west coost of New Caledonia, Captllin 
Kent I found no bottom with 150 fathoms, at two ship's 
lengths from the reef; so that the slope here must be 
nearly as precipitous as off the Maldiva atolls. 

I can gh·e little information regarding the kinds 
of corals which live on the outer margin. When I 
visited the reef at Tahiti, although it was low.water, 
the surf was too ,·iolent for me to see the Ih'ing 
m8.8BeS; but, according to what I heard from BOme in. 
telligent native chiefs, they resemble in tbeir rounded 
and branchless forms, those on the margin of Keeling 
atoll. The extreme yerge of the reef wbich was 
visible between the breaking waves at low,water, con
sisted of a rounded, convex, artificial-like breakwater, 
entirely coated with Nulliporre, and absolutely similar 
to that wbich I have described nt Keeling atoll. 
From what I heard when at Tahiti, and from the 

, The alilhoriuN from whieh IheM ebartl bu. been redlloed, 
~Ih~r wilh .orne ~marb OIl them, are gifen in a leparatell .p. 
pelidedpage,d~ripliv~oflhIPlateL 

• Dalrymple, Uydl"O(!. Mem. voi. iii. 
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writings of the Revs. W. Ellis and J. Williams, 1 con
elude that this peculiar structure is common to most 
of the Cllcirded islands of the Society Archipelago. 
The reef within this mound or breakwater, has an ex
tremely irregular surface, even morc BO than between 
the islets on the reef -of Rooling atoll, with which 
alone (as there are no islets on the reef of Tahiti) it 
can properly be compared. At Tahiti the reef is vcry 
irregular in width; but Iound mallyother encircled 
islands, for instance Vanikoro or Gambier Islands 
(figs. 1 and 8, lliate L), it is quite as regular, and of 
the same average width, as in true atolls. Most 
barrier-reefs on the inner side slope irregularly into 
the lagoon-channel, (as the space of deep wat.er sepa· 
rating the reef from the included land may be called,) 
but at Vanikoro the reef slopes only for a short dis· 
tance, and then terminates abruptly in a submarine 
wall forty foot high,-a structure absolntely similar to 
that described by Chamisso in the Marshall atolls. 

In the Society Archipelago, Ellis' states that the 
reefs generally lie at the distance of from one to one 
and a.-half Iljiles, and, occasionally, even at more than 
three miles from the shore. The central mountains 
are generally bordered by Ii fringe of flat, and often 
marshy alluvial land, from one to four miles in width. 
This fringe consists of coral-sand and detritus thrown 
up from the lagoon-channel, and of soil washed down 
Crom the hills; it is an encroachment on the channel, 

'CQuult, on thi$ Ilnd other pointe. the Polynuilln Re&earchel 
by the Rev. W. Ellis, Ion a.dmira.ble work, full of curious informa.iion. 
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analogous to that low and inoer part of the islets in 
many atolls, which is formed by tbe accumulation of 
matter from the lagoon . At Hogoleu (fig. 2, Plate 1.), 
in the Caroline Archipelago,l the reef on the south 
side is no less tha.n twenty miles; 011 the east side, 
five; and on the north side, fourteen miles from the 
encircled islands. 

The lagoon-channels may be compared in e\'ery 
respoot with true lagool1s. III some Ca&CS they arc 
open, with a leyel bottom of fille Mo(l; in others they 
are choked up with reefs of delicately branched corals, 
which have the same general character iUI those within 
Keeling atoll. These internal rcefil either stand sepa
rately, or more commonly skirt the shores of the in
cluded high islands. 'rhe depth of the lagoon-channel 
round the Society Islands varies from two or three, 
to thirty fathoms; in Cook'sl chart ot Ulietea, how
e\·er, there is one sounding laid down of 48 fathoms : 
at Yanikoro there are several of 5·J I\nd one of 56t 
fathoms (English), a depth which even exceMs by a 
IitUe that of the interior of the great MaldiYfL atolls. 
Some barrier-recfs haye Yery few islets on them; whilst 
others are surmounted by numerous ones; and those 
round part of Bolabola (Plate 1., fig. 5), form a single 
linear strip. The islets first appear either on the 
tl.ngles of the reef, or on the sides of the breaches 

, See Hydrographical M~m .• nd the All .. of the Voy"!!e of the 
"hlrmabli. by c..P\. Dumont D'U"iIle, p. 4':18. 

I See thechafti" .-ol.i.ol U.WkHwortb·14t.oed.of Cook;'1Fillii 
VONe. 
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through it, and Rrc genf'rally most numerous on the 
windward side. The reef to leewnrd retaining its usual 
width, sometimes lies submerged sc,'crai fathoms be
neath the surface; I have already mentioned Gambier 
Island RS an instance of this structure. Submerged 
reefs, dead, covered with sand, and with a less defined 
outline, have been observed (see Appendix 1.) off some 
parts of Huaheinc and 'fahiti. 'l'be reef is more fre
quently breached to leeward than to windward, although 
this is not so frequent as in the case of atolls. 'fhus I 
find in Krusenstern's Memoir on the Pacific, that there 
arc passages through the encircling reet on tbe lee· 
ward side of the seven Society Islands, which possess 
ship-harbours; but that there Rrc openings to wind
ward through only three of them. The breaches 
in the reef arc seldom as deep as the interior 
lagoon. like channel; they generally occur in front of 
the main valleys, 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 their 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 position of 
the brea<:hes. 

It is remarka.ble that the lagoon·channels round 
mountainous islands have not in every instance been 
long ago filled up with cora.l and sediment; hut it is 
accounted for without much difficulty. In cases like 
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that of IIogoleu and the Gambier Island!!, where II. few 
small peaks rise ont of a. great lagoon, the conditions 
scarcely differ from those of all atoll j and I ho.ye already 
shown at some length, that lhe filling up of a. true 
lagoon must be all extremely slow pr()C('ss. Where 
the lagoon-channel is llarrow, that agency, which on 
UnlJtOtected eot\Sts is the most productive of sediment, 
namely the force of the breakers, is here entirely ex
cluded j and owing to the reef being breached in the 
(rant of the maLn valleys, much of the fillcr mud from 
the rivers must be transported into the open sea. The 
water which is thrown o,'er the edges of atoll-formed 
reds causcs a current II hich carries se<liment from the 
lagoon through the breaches into the sea. j and the 
same thing probably takes place in barrier-reefs. This 
would greatly aid in preventing the lagoon-channels 
from being filled up. The low alluvial border, how
ever, at the foot of the encircled mountains, shows 
that the work of filling up is in progress j and at 
Maurua (Plate 1., fig. 6), ill the Society group, it bas 
been almost effected, so that there remains only one 
harbour for small craft. 

If we look at a set of charts of barrier-reefs, and 
leave out in imagination the encircled land, we shall 
see that besidcs the many points already noticed of 
resemblance or rather of identity in structure with 
atolls. there is a close general agreement in form, aver
age dimensions, and grouping. Encircling reefs, like 
atol\s, are generally elongated, and have an irregularly 
rounded, though sometimes ungular outline. There are 
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ntoll8 of all sizes, from less than two miles in diameter 
to sixty miles (excluding Tilla-<lou-Matte, which consists 
of a numoor of almost independent atoll-formed reefs) j 

and there tUG encircling barrier-reefs from three miles 
and a-half to forty-six miles in diameter,-Tmtie 
Island being flO instance of the former, and Rogoleu of 
the latter. At Tahiti the encircled isln.lld is thirty-six 
miles in its longest axis, whilst at Maufua it is only a 
little more than two miles. It will also be shown in 
the last chapter, that there is the strictest resemblance 
between the grouping of atolls and of common islands, 
and there is the Bame resemblance between atolls and 
encircling barrier-reefs. 

The islands lying within reefs of this class, are of 
very various heights. Tahiti 1 is 7,000 feet j Maurua 
about 800; Aitutaki 860, and Munouai only 50. The 
geological nature of the included land also varies j in 
most cases it is of ancient volcanic origin, owing appa· 
rently to tho fact that islands of this naturo are the most 
frequent within all great seas; some, however, are of 
mn.dreporitic limestone, and others of primary forma
tion, of which latter kind New Caledonia offers the best 
example. The central land consists either of one island, 
or of several; thus in the Society group, Eimeo stands by 
itself; while Taha and Raiatea (fig. S, Plate I.), both 

'TheheightolTahiti ja gi~en from Captain Beechey; Mautua 
from Mr. F. D. DcnneU (Geograph. Joum. vol. viii. p. 220); Aitutaki 
frnm measurement. made on board the BMgu; and Manoua!, or 
Harvey Island, from an estimate by the llev. J. Willi"mB. The two 
l"ltet i,hUlda, however. a.re not in some respccta well cbaraeterised 
cnmpll!Bortheenciroledcla.s8. 
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moderately large isJands, of nearly eqnal size, are in 
cluded in one red. Within the reef of the Gambier 
group there are four large and some smaller is1a.nds 
(fig. 8, Plate I.) j within that of IIogoleu (fig. 2, 
Plate I.) nearly a dozen small islands are scattered over 
the expanse of one vast lagoon. 

After the deto.ils now given, it mlty be asserted that 
there is not one point of essentilt! difference between 
encircling barrier-reefs and atolls ;-the latter enclose 
fL shu pie sheet of water, the former encircle an expanse 
with one or more islands rising from it. I was much 
struck with this fact, when "iewing, from the heights 
of Tahiti, the distant isJand of Eimeo standing within 
smooth water, and encircled by a ring of snow-white 
breakers. HemO\'e the central land, and an annular 
reef like that of an atoll in an early stage of its forma
tion is left; remm'e Bolabola, and there remains a 
circle of linear coral-islets crowned with tall cocoa· 
Ilut trees, like one of the many atolls scattered o\'cr the 
Pacific and Indian oceans. 

The barrier-reefs of Austrnliaand of New Caledonia 
deserve a scparate notice from their great dimensions. 
The reef on the west coast of New Caledonia (fig. 5, 
Plate II.) is 400 miles in length j and for a length of 
many leagucs seldom approaches within eight miles of 
the shore. Near the southern end of the island, the 
space betwC<ln the rcef and the land is sixtC<ln miles in 
width. The Australian barrier extends, with a few 
interruptions, for about eleven hundred miles; its 
average distance (rom the land is between twenty and 
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thirty miles, but in parts from fifty to ninety. The 
great arm of the sea. thus inclucled, is from 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 graciually increases to forty, 
and in some parts to more than sixty fathoms, Flinders 
has described the surface of the reef as consisting of a 
hard white agglomerate of differcnt kinds of coral, 
with rough )lrojccting points, A few low islcts have 
heen formcd on it. The outer edge is the highest 
part; it is traversed by narrow gullics, and at inter-vals 
by ship.channels. The sea. close outsicie is in most 
parts profoundly deep; but to the north, near New 
Gllinea, and to the south, the depth is much less, and 
here the bottom slopes gradually from the reef, as it 
generally does in front of the ship-chllnncis. ' 

There is one important point in the structure of 
barrier·reefs which must here be considered. The 
nccomp1\llying diagrams represent north and south "cr
tical s(!Ctions, taken through the highest points of Valli
koro, Gambier, and Maurua islands, I\.B well as through 
their encircling reefs. The scale both in the horizontal 
and vertical direction is the same, namely, a quarter of 
all inch to a nautical mile. The height and width of 
these islands are known; a.nd I haye attempted to repre
sent the form of the land from the shading of the hills 

'Thtlortgoing details are taken ehieflyfrom Flinders'Voyagt 
to Terra '\u,tr&lia, ~·ol. ii. p. 88; bllt theM haTe been eorreeted by 
the &QCOlint gi .. en by Prol. Jukell,Narrativt of tbt Voyage of the Fill, 
,·ol.i. 18H,eh.p. J.iii. 
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in the large published charts. 1 t has long been 
remarked. e\'en from the time of Dampier, that 0. 

considerable dcgree of relation subsists between Ute 
incl ination of that part of tho land which is beneath 
water and that nbove it: hence the dotted line in the 
three seetions is probably a. moderately accurate repre· 
sentation of the actual submarine prolongation of the 
land, If we now look at the outer edge of the reef 

:>ortb.. 

1 Vanikoro, from Ihe Ad .. of Ihe Voyase ollhe Adrolab<!, by 
D. D·Urville. 

2-Glunbierlsland,lromBeechey. 
II_Mauru&, from the Atla, of the Voyage of the Coquille, by 

DU~mly. 

The horizonu.lline ia Ihe leYeI of the !Ie&, from .. hich on the 
ri3hthandaplummelde.eendl,repreeenlingadeplh01 2OOfathruru!, 
or 1,200f""l. The\·ertiet.l.hading.ho .... the IotClion of Ihe land, 
andlhahori!ontallhadingtbaloflheeneirelins b.rrier.reef; from 
Iha.mallnelloflhescale,tbelagoon..:hannel oould not he repl'fl. 
aenled. 

A A_Outer edse of the coral.reef., where the "i break,. 
IlIl- Theshoreol lbeencireled i8\inda. 
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(A A), and bear in mind that thepiummeton therigbt 
imnd represents a depth of 1,200 feet, we must conclude 
that the vertical thickness of these barrier coral-reefs is 
very great. 

I must observe,that if the sections bad been taken in 
any other direction across these islands, or across other 
encircled islands, I the result would have been the same. 
In the succeeding cbapter it will be shown that reef· 
building polypifers canDot flourish atgreatdepths,-for 
instance, it is highly improbable that they could exist 
at above one-eighth of the depth represented by the 
plummet on the right hand of the woodcut. Here then 
is a greatapparentdiffieulty~how were the basal parts 
of these barrier-reefs formed. It will perhaps occur to 
Borne that the actual reefs formed of coral are not of 
great thickness, but that before their first growth the 
sea had deeply eaten into the coasts of these encircled 
islands, and had thus left a broad but shallow sub
marine ledge, on the edges of which the corals grew; 
but if this had been the case, the shore would have 
been invariably bounded by lofty cliffs, and not have 
sloped down to the htgoon.channel, as it does in 
many instances. On this view,2 moreover, the cause 
of the reef springing up at such a. great distance from 

1 An ElllIi and We$i seelion across the Island of BolaOOI& and its 
barrier.roefsiBgiveninthefifthchapter,forthesakeofillusll'llting 
another point. The scale ig'57of an inch to & mile; it is taken 
from the Atlas of the Voyage of the Coquille, by Dupeney. The 
depth of the lagoon_channel iBelllgger&.ted . 

• The Rev. D. Tyennan and Mr. Bennett (Journal of Voy&.ge and 
Travell!, vol. i. p. 215) ba.ve briefly suggested this explanation 01 the 
origin of the encircliog reefaof the Society 1s1anda. 
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the lan<1, lef\.ving II. deep and broad moat within, 
remains altogether unexplained. A supposition of the 
same nature and allpearing at first morc probable, is, 
that the reefs ha\'e risen from banks of sediment, 
which had accllmulatcd round the shore prC\-iously to 
the growth of the coral; hut the extension of II. bank 
to the same distance round an unbroken coast, and 
in front of deep arms of the sea (ns in Raintaa, see 
Plate n., fig. S), which penetrate nearly to the heart of 
somcencircled islands, is exc(!e(lingly improbable. And 
why,ngain,shoulcl the reef, ill80me cases steep on b:Jth 
sides like a. wall, spring up at a distance of two, three, or 
more miles from the shore, leaving a channel often be
tween 200 and 300 feet deep-a depth which, we have 
good rell.8On to believe, is loo great for the growth of 
coral? The existence, also, of this same channel pre
cludes the idea of the reef ha.ving grown outwards, on a 
wundation slowly formed by the accumulation of its own 
detritus and sediment. Nor, again, call it be asserted 
that the reef-building corals will not grow, excepting at 
a great distance from the land; for, f\.8 we shall soon see, 
there is a whole elasa of reefs which take their Dame 
from growing (especially where the sea is deep) closely 
attached to the shore. At New Caledonia (see Plate 
11., fig. 5), the reefs which run in front of the west coast 
are prolonged in the same Jine for 150 milea beyond the 
northern extremity of the island, and this shows that 
some explanation, quite dilIcren~ from anyone of those 
just suggested is requisite. If the island had been 
origina1lyprolonged to this distMce,and ifthc northern 
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end had been worn away until it was a little oonenth 
the level of the sea, why should the coral-reefs have 
become attached, not all the central crest, but in the 
samc line with the reefs which still front the existing 
shores? We shall hereafter see, that there is one, and 
I believe only one solution of this difficulty. 

One other supposition to account for the position 
of encircling: reefs remains, but it is almost too pre
posterous to be mentioned ;-namely, that they f(lst 
on enormous submarine craters sllrrounding the in· 
cluded islands. When the size, height, and form of 
the islands in the Society group are considered, 
together with the fact that all arc thus encircled, 
such a notion will be rejected by evcl'yone. New 
Caledonia, moreover, besides its size. is composed of 
primitive formations. as are some of the Comoro 
Islands; 1 and Aitutaki consists of calcareous rook. 
We must, therefore, reject the several explanations, 
and conclude that the vertical thickness of barrier
reefs, from their outer edges to the foundation on 
which they rest (from A A in the sections No. 4 to 
the dotted lines), is really great : but this presents 
no real difiiculty, as I hope to show hereafter when 
the upward growth of coral-reefs, during the slow 
subsidence of their foundation, is discussed. 

, I hlwe been inlormed th .. ~ this is the case by Dr. A1I .. n 01 
Forres, who haa visited thisgroUl', 
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CHAPTER III. 

FRINGING on snORE m:EFS. 

nul' 0/ Mauri/illl_8halrow chanrnil wi/hill 1M rtrJ-It& dew 
filling I4p -CUrTmu of wakr Jomt#l willli" it-Uprai.l«J, rut. 
-Nflmno /ri""ing_ru/, jll IkqJ U(I4-RuJ. _ 1114 coost 01 E. 
A/rial alld oj Branl-Fringing.rut. ill f'nJ ,halloul-... rouotd 
b41lk1 1)1 wi_Ill. and "" lOOm·dow .. idaJ'ld.t- 1<'rilUJiftlJ-rttfs 
lIff«tM by curnnu of 1M ua-Corol C(Id/i"lI bottom ()II~ UtI, 

lndrt()l/()n>Iingrttj" 

FRINGING-REEFS, or, ns they have been called by some 
"oyagers, shore-reefs, whether skirting an island or 
part of a. continent, at first appear to ditTer little from 
barrier-roofs, except that they nrc gcncraJly of less 
brelldth. As far as the superficies of tho actual reef 
is concerned, this is the case; but the absence of an 
interior deep-water channel, ami the close relation in 
their horizontal extension with the probable slope of 
the adjoining land beneath the sen, present essential 
points of difference. 

The reefs which fringe the islaml or Mauritius offer 
a. good example or this class. '1'heyextend round its 
wholo circumference, with the excelltion of t.wo or 
three IJf1rts' where the coast is almost precipitous, and 

, Tbi, lael i. Ita~ on Ibe authority of tbe Omeler du Roi, in 
hi. eJlr~mell intt~"ting , Voyage' l'lsle de Frane..,' undertaken in 
I1G8. "(lOOming to Captain CarmiebMI ('Hoohr'. 601, MillC" vol. ii. 
p, SI6).on onepal1oftbeooastlhereilalpaceol.ixteenmiiea 
wilboUlal'ff:t. 
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where, if as is probable the bottom of the sea bas a 
similar inclination, the coral would have no foundation 
on which to become attached. A similar fact may 
sometimes he observed even in reefs of the barrier 
class, which follow much less closely the outline of 
the adjoining land; as, for instance, on the S.B. and 
precipitous side of Tahiti, where tbe encircling reef is 
interrupted. On the 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 tbe 
shore; but in some parts it is distant from one to two, 
and cyon three miles. Even in this last caso, as the 
coast-land is gently inclined from the foot of the 
mountains to the sea-beach, and as the soundings 
outside the recf indicate an equally gcntle slope 
beneath the water, there is no reason for supposing: 
that the basis of the reef, formed by the prolonga.tion 
of the strata of the island, lies at a grea.ter tJepth thfLll 
that at which the polypifel's could begin constructing 
the reef. Some allowance, however, must be made for 
tho outward extension of a foundation formed of sand 
and detritus, from the wear of the cora.ls; and this 
would gi ve to the reef a. somewhat greater vertical 
thickness than would otherwise be possible. 

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

The reef of Mauritius, in front of every river and 
streamlet, is breached by a straight passage: at Grand 
Port, however, there is a channel like that within a 
barrier-reef: it extends parallel to the shore for four 
miles, and has an average depth of ten or tweh'e 
fathoms; its presence may probably be accounted for 
by two rivers which enter at each end of the channel, 
and bend towards each other, 'fhe fact of reefs of 
the fringing class being always breached in front of 
streams, even of those which are dry during the 
greater part of the year, will be explained, when the 
conditions unfavourable to the growth of coral are 
considered_ Low coral-islets, like those on barriel'
reefs and a.tolls, are seldom formed on reefs of this 
class, apparently owing in BOrne cases to their narrow
ness, and in others to the gentle slope of the reef 
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outside not yielding many fragments to the breakers. 
On the windward side, however, of the Mauritius, two 
or three small islets have been formed. 

I t appears, as wil l be shown in the ensuing cbapter, 
that the action of the surf is favourable to the vigorons 
growth of the stronger corals, and that sand or sedi
ment, if agitated by the w[ne!!, is injurious to them. 
Hence it is probable that a reef on a. sbelving sbore, 
like that of Mauritius, would at first grow up, not 
attached to the actual beach, but at some little distance 
from it; and the com1s on the outer margin would be 
the most \·igorous. A shallow channel would thus be 
formed within thc roof j and this channel could be filled 
up only very slowly with sediment, for the breakers 
cannot act on the shor('s of tho island, and they do 
not often tear tip and cast inside Cragments Crom the 
outer edge of the ree f, whilst every streamlet carries 
away its mud in a straight line through breaches in 
the reef. But a beach of snnd and of fragments of 
the smaller kinds of coral seems, in the case of Mauri
t ius, to be slowly encroaching on the shallow chnnnel. 
On many shelving and sandy coasts, the breakers tend 
to form a bar of Sllud a little way from the beach, with 
a slight incre8.8C of depth within it-for instance, Cap
tain Greyl states that the west coast of AustraJia, in lat. 
24°, is fronted by a sand bar about 200 yards in width, 
on which there is only two feet of water; but within 
it the depth increases to two fathoms. Similar bars, 

I Captain Ore,... Joumal 01 Two E~redit.ion., vol. i. p. 369. 
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more or less perfect, occur on other coasts. In these 
eases 1 suspeet that the shallow channel, (which no 
doubt during storms is occasionally obliterated,) is 
scooped out by the flowing away of the water thrown 
beyond the line on which the wlloves break with the 
greatcst force. At Pernambuco the bar of hard sand
stone, before nlluded to, bas the sarno external form 
and height as a coral recf,nnd extends nearly parallel to 
the coast; within this bar currenta, npIlQrently caused 
by the water thrown over it during the greate~ part of 
each tide, run strongly, and arc wearing away its inner 
wall. From these facts it can hardly bcdoubted that 
within most fringing reefs, espeeially within those 
lying some distance from the land, a. return shearn 
must clI.rry away the water illrown o\'er the outer edge; 
and the current thus produced would tend to prevent 
the chanllel being filled up with sediment, and might 
e,en deepen it under certain cireumstances_ To 
this latter belief I am led, by finding that channels are 
almost universally present within the fringing reefs of 
thObO islands which have undergone recent elevatory 
movements; and this could hardly IlILve been thcense 
if the conversion of the very shallow channel into land 
had not been counteracted ro II. certnin edent. 

A fringing-reef, if ele"ate<1 in II. perfect condition 
above the level of the sea, would present the singular 
nllpearanee of tlo broad dry moat bounded by a low wall 
or mound_ The author I of an interesting pedestrian 

'\'0,.. il'ble de France, par nn omeier du Roi, Pm i. 
pp.192,'lOO. 
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tour found the MauritiuB scems to haye met with a 
structure of this kind: he says, 'J'obsermi <tue h\., ou 
la mer etn,le independamment des rCBcits du large, 
il y a. ii. terre une eapece d' effoncement, au chemin 
cou,crt naturel. On y pourrait mettre dlt canon,' 
&c. In another place he adds, ' Avant de passer Ie 
Cap, on remarque un gros bane de contil eleve 
de plus de quinze pieds: c'est une espece de res
eif, que Ia. mer a abandonne: il fegne au pied 
une !ol1gue flnque d'eau, dont on pourrait faire un 
bassin pour de petits vaisscaux: But the margin of 
the reef, although the highest and most perfect part, 
from being most exposed to the surf, would generally 
during a slow risc of the land be either partially or 
entirely worn down to that leyel at which corals could 
renew their growth on its upper edge. On some parts 
of the coast· land of Mauritius there are little hillocks 
of coral-rock, which are either the last remnants or a 
continuous reef, or of low islands formed on it. I 
observed two such hillocks between Tamarin Bay and 
the Great Black River; they were nearly 20 feet 
high, about 200 yards Crom the present beach, and 
about SO feet above its level. They rose abruptly 
from a. smooth surface, strewn with worn fragments 
of coral. 'fhey consisted in their lower part of hard 
calcareous sandstone, and in their upper of great 
blocks of several species of Astrroa and Madrepora, 
loosely aggregated; they were divided into irregular 
beds, dipping seaward, in one hillock at an angle of 8°, 
and in the other at 18°. 'rhe upraised reefs round 
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this islancl have been much Icss worn and modified by 
the action of the se& than in most other cases. 

MIUlY ildands ' are fringed by rC<!fs quite similar to 
those of Mauritius: but on coosts where the sea 
deepcns vcry suddenly, the reefs are much narrower, 
and their limited extension seems evidenHy to depcnd 
on the high inclination of the submarine slope i-a 
relation which, as we have seen, docs not exist ill reefs 
of the harrier class. 'The fringing. reefs on steep coasts 
are frequently not more than from 50 to 100 yards in 
width: they have a nearly smooth, hard surf~e. 

scarcely uncOl'ere<! at low.water, and without any 
interior shoal channel like that wHhin those fringing. 
reeftl which lie at a greater distance from the land. 
The Cragments torn Ull during gales Cram the outer 
margin are thrown over the reef all the shores of the 
island. I may gh'e as instances, WatC(!(l, wbere the 
rC<!f is described by Cook as being 100 yards wide i 

and Mauti and Elizabeth' Islands, where it is only 
50 yarcis in width: the se& round these islands is 
very deep. 

Fringing·reefs, like barrier-reefs. surround islands 

I I may give Cuba, u anolher inltall«; Mr. Tlylor (Loudon'. 
Mag. 01 Nal. Hiot .. vol. ix.p.·1I9) h .. de$Cribedal'ffl lever .. 1 miles 
inlenglh !>ehl'ccn Gib ..... and "jam,which extend. par.llellO tbe 
.hor ... tthe(lillanceol!>et,,·eenhaUllnd thllihird I'lrlola mile, 
.nd enclo.el 1 'I)&ce 01 .hallo ... "'Bt~r, wilh a II&ndy boUoru and 
tulU 01 C(lr&t Out.ide the edge 01 Ihe reel. which i, lorrued 01 
greathI'I.nchill( oor&ll.lhe deplh i •• iK and .even latbom •. This 
coa..lhubeenul'hea,-edalnO,·erydisllntgeoiogieaiperioo . 

• Mauti i. d-.:riboed by Lord ByrOn in the Voyaga 01 H.M.S. 
Bknt<k. and Eliubelh uland by Captain n-hey. 
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and front the ahores or continents. In the charts 
of the eastern coast of Africa, by Captain Owen, 
many extensive fringing. roofs are laid down i-thus, 
for a space of nearly 40 miles, from lat. 10 5' to 
1° 45' S., a reef fringes tbe shore at an average 
distance of rather more than one mile, and therefore 
at a greater distance than is usual in roofs of this 
class; but as the coast·laml is not high, and as the 
bottom shoals very gradually, (the depth being only 
from 8 to 14 fathoms at a mile and a-half outside the 
reef), its extension thus far from the land offers no 
difficulty. The external margin of this reef is de
scribed ns formed of projecting points; and within 
it there is a. channel from six to twelve feet deep, 
with patches oC living coral. At MukdeeshlL (lat. 
2~ I' N.) 'the port is formed,' it is snid,' • by a long 
reef extending eastward four or five miles, within 
which there is a. narrow channel, with ten to tweh-e 
feet of water at low spring tides: ' it lies at the distance 
of a quarter of a mile from the sbore. Again, in the 
plan of Mombas (lat. 4" S.) a reef extends for thirty
six miles, at tho distance of from half a mile to one 
mile and a-quarter from the shore; within it, there 
is a channel navigable < for canoes and small cruft,' 
between six and fifteen feet deep: outside the reef the 
depth is about SO fathoms at the distance of nearly 
hnlf a mile. Part of this reef is very symmetrical, and 
has a uniform breadth of 200 yards. 

, Owen'. Africa, "01. i. p. Sf.i7; from which work the foregoing 
f&ct3 are Jikewise ta.ken. 
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The coast of Brazil is in many parts fringed by reefs. 
Of these, some are not of coral formation; for instance, 
those ncar Bahia. and in front of Pcrnambuco; but a 
few miles south of tbis latter city, the reef follows' every 
turn of the shore so closely, tbat lcan hardly doubt it 
is of coral. It runs at the distance of three-quarters 
of a mile from the land, and within it the depth is 
froUl ten to fifteen {eeL I was nssured by an intelli
gent pilot, that at Ports Frances and Maceio, the outer 
part of the reef consists of living coral, and the inner 
of a white slone full of large irregular cavities com
municating with the sea.' The bottom of the sea off 
the coast of Brazil shoals gradually to between thirty 
amI forty fathoms, at the distance of between nine and 
tcn leagues from the land. 

From the description now given, we may conclude 
that the dimensions and structure of Cringing-reefs 
depend entire.ly on the greater or less inclination of the 
snbmarine slope, conjoined with the fact, that rcof· 
building polypifers can exist only at Iimite.d depths. 
It follows from this, that where the sea is very shallow, 
as in the Persian Gulf and in parts of the East Indian 
Archipelago, the reefs lose their fr inging character, 

I Baron l"touuin'a Pilote du Bn\$il,and the aerompanying hydro. 
graphical memoir. See aIM) the .uppl~ment to thia volume 00 a Bar 
01 Saodllone olf P~mambooo. 

1 rRa1.hbun (Amer. N .. t., .. iii. 539-INI) deseribft a reel on the 
Drazili&nroaal. The lo .... er p&rlolthe I"<'eleonlill80t lrue ooro.l8, 
Ih~ upper 01 nulliporeA and annelid lubM, The I"<'el h .. alOOllll 
,truetuN Dea!" the 'I;Irfa.e~,oompact below. The oorallragrueDh ooY~r· 
ing the ehanoel within thenel'lorm bed.loloolUiderablethieklll!$& 
in plaees, often more or le.contolida1.ed.'J 
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and appear as separate and irregularly scattered 
patches often of considerable area. As the conditions 
arc less favourable in several respects on the inner 
side of these patches, the growth of the coral is morc 
vigorous on the outside; thus causing the reefs to be 
generally higher and more perfeet in their marginal 
than in their central parts. Hence these reefs some
times assume (and this circumstance ought not to be 
o\'edooked) the appearance of ntolls j hut as they are 
based on a shallow foundation, and as their central 
expanse is much less deep 0.0(1 their form less defined, 
this resemblance is easily seen to be merely superficial. 
On the other hand, when, in a deep sen, banks of sedi
ment have accumulated round islands or submerged 
rocks, and they become fringed with rcefs, they are dis
tinguished with difficulty from encircling barrier-reefs 
or atolls. In the We .. t Indies there arc reefs, which I 
should probably have nrrnnged under these two classes, 
if the existence of large and level banks, lying a. little 
beneath the surface and ready to serve as the basis 
for the attachment of coral, bad not been present j the 
formation of sllch bnnks through the accumulation of 
sediment being sufficiently evident. Fringing-reefs 
sometimes coat, and thus protee~ the foundations of 
islands, which hl1.\"C been worn down by the surf to the 
level of the sea. According to Ehrenberg, this has ~n 
extensively the case with the islands in the Red Sea, 
which formerly ranged parallel to the shores of the 
mainland, with deep water within them: hence the 
reefs now coating their bases, are situated relatively 
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to the land like barrier.reefs, although not belonging 
to that c1aBS i-but there a.re, as 1 belicl'c, in the Red 
Sea somc true barrier·reefs. The reefs of this sea and 
of the West Indies will be described in the Appendix. 
In some C(l.setI, fringing. reefs appear to be considerably 
modiflcd in outline by the course of the IJrO\'ailing 
currents; Dr. J. Allan informs me thai on the east 
coast of Madagascar, almost e\'ery headland and low 
point of sand haB a. cornJ·reef extending from it in 
a S. W. and N .E. line, parallel to the currents on that 
shorc. I should think the influence of the currents 
chiefly consisted in causing an extension, in 8. certain 
direction, of a proper foundation for tbe attachment 
of the coral. Round many intertropic8.J islands, for 
instance the Abrolhos on tho coast of Brazil sur. 
,'eyed by Captain FitzRoy, and, as ] am informed by 
Mr. Cuming, round the Philippines, the oottom of the 
sea is cntirely coated by irregular mnsses of coral, 
which although often of large size, do not reach the 
surface and form proper reefs. This must be owing 
either to insufficient growth, or to thellbsence of those 
kinds of corals which can withstand the breaking of 
the waYes. 

The three cinsses,atoll .formed, tarrier, and fringing 
reefs, together with the modifications just described of 
the latter, include a.ll the most remarkable coral· formA,· 
tions anywhere existing. At the commencement of 
the last chapter in the volume, where 1 detail the 
principles on which the map (Plate HI.) is coloured, 
the exccIJtional cases will be enumerated. 
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CHAPTER IV. 

OS TilE GROWTH OF CORAL· REEFS. 

IN this chapter I will give all the facts, which I ba,e 
collected, relating to the distribution of coml-reefs,
to the conditions favourable to their incrcase,-to the 
rate or their growth,-Il.nd to the depth at wbich they 
are formed. 

These subjects have an important hearing on the 
theory of the origin of the different classes of coral
reefs. 

SIc:CTION I. 

On tlu Dutrib"tion of Coro.l·R«/r, and em til. C<:mdiliom 
la1XJuNJb~ to tluir I...:,.ta,U. 

WITII regard to the limits of latitude c,'er which coral
reefs extcml, I haye nothing new to add. The Ber
muda Islands in 820 15' N., is the point furthest re
moved from theequntor in which they appear to esist; 
and their exreusion here so far northward no doubt is 
due to the warmth of the Gulf Stream. In the Pacific, 
the Loo Choo islands, in lat. 270 N., have reefs on tlleir 
shores, Ilnd thcl'e is an atoll in 280 30', situated N.W. 
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of the Sandwich Archipelago. In the Red Sea there 
Ilre coral-reefs ill lat. SO°, In the Southern Hemisphere 
coral-reefs do not enend so fllr from the equatorial sea. 
III the Southern Pacific there are only a few reefs 
beyond the line of the tropic, but Houtmans Abrolhos, 
on the western shores of Australia, in lat. 29° S., are of 
coral-formation. 

The proximity of \'olcanie land, owing to the lime 
generally C\'ol\'ed from it, has been thought to be 
favourable to the increase of coral-reefs. There is, 
however, uo foundation for this view j for nowhere 
are coral-reels morc extensive than on the shores of 
New Caledonia and of north-eastern Australia, which 
consist of primary formations j and the Maldiva, 
Chagos, Marshall, Gilbert, u.nd Low Archipelagoes, 
the largest groups of atolls in the world, are formed 
exclusively of com!. 

The entire absence of coral-reefs ill certain large 
arens within the tropical seas, is a remarkable fact. 
'fhus 110 coral-reefs were observcd during the sun'ey
ing voyages of the J)tllyle on the west COllst of South 
America south of the equator, or round the Galapagos 
Islands. It appears, also, that there are nOlle I on this 
coast north of the equator j Mr. Lloyd, who 8un'eyed 
the isthmus of PalllUlla, remarked to me, that although 
he had seen corals Jiving in the Bay of Panama, yet he 
had nc\'er obsen-ed any reefs formed by them. 1 at first 
attributed this absence of reefs on the coosts of Peru and 

, I h.,'9 bee .. informed Ih.1 Ihi, i. Ihe cue, by Lieul. Ryder, R.N., 
.nuolben'll'hobavebada.olp1eOl)porillDili"lorob.en·ation. 
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of the Galapagos Islands, I to the coldncss of the cur
rents from the south, but the G'ulC of Panama is one 
of the hottest pelagic districts in the wol'ld.~ In the 
centrnl paris of the Pacific there arl:! islands cntirely 
free from reefs; and in some of 'hese cases this appears 
to be due to recent "olcanic action: but the existence 
of reefs, tbough scantily developed, ana according to 
Dana, confined to one part of Hawaii (one of the Sand·' 
wich Islands), shows that recent volcanic action does 
not absolutely prevent their growth.-

, The mea.n lempera.hlrll of the lurf-..:e lief., from observa.tiont 
ma.de by Ihe direclion of Captain FiI'lRoy on the 1h0rM of ilill 
Ga.la.p&gOI Iala.ndll,bet ... een thel6ili of Sep\ember.ndlhe2Ot.hof 
October, 1835, ..... 68° Flohr. The iowt'llll.empera.lul'll ob!len'ed .... 11 
68".~ at Ibll S.W. end of Albemarle blind; lind on the ... en eoo.Ii\ 
of Ihi. island, il ..... several timN 62" and 63~. The mea.n &em. 

pera.ttlrll of the 1II'lt. in IheLow Arehipelago of t.toll •. t.nd near Tahiti. 
from similar obaervt.tion. made on board the Bmql', W&I (altbough 
further from the equator) 11o.~, the lowelt any d.y being 76c.~. 
Thereforll .... hllve herll a ditrerence of 9°'6 in mean l.empera.lure, 
t.ndl8"inezlremH; aditrereneedoubtlH,cluite.ufficienltoa.tfecl 
Ihe dillribotion of orsanie being. in the t .. o a.re ... 

1 Rumboldl" Penonal N&rT&tiye, yo\. vii. p. "9". 
I {Mr. S. J. Whitmee (Nature. August 12.1876, p. 291) lJtJI.te8tht.t 

in Sa.va.ii (Sa.mot.u group), one of four examplN of i.lands ... hich 
Profe~lIOr DIIn& brings forwBrd &B instanc<)II indiot.ting th8t re<:ent 
voicllnie&C1.ion ilR8PTOVentecl the formation 01 Cloon$ive cora.l.l1!<lfs, 
the eaUIIII i. more probe.blythe depth of wt.teron theeout. More. 
over,li6rIiof Sa.va.ii dill'erin change of level from Ihe re.tof the 
i.iAnd,anditia.inth_(thllllphMyed~~)th.teora.l·reef,are 

t.lmoIIt .. anting. He a.lto .. ,.. thai after eumiDill8 '. good man,. 
intertropiealj..ta.ndsofthePa.eillebelo~tothelhreeorden

(1) Volca.nieiala.nds .. ith fringing ooral.reefs,luchuSa.mot.,lhcNe .. 
HebridM, <te.; (2) Atolll, lueh u the Lo .. Archipellgo, Ellice, Gilbert 
1.landl, &e.; (8) Upra.iaed cora.l·islandB, such .. Niu~ or Sa.vage 
hland, part of the Friendly. the Loyalty blands. &c.'-lle llll8 been 
the n'ere firmly eonvineed. tl'e further he hu gone, of theeorreo::t.neas 
01 Mr. Darwin'. theory. IIIr. R. Webb (Nature, 'd. p. 416) disputes 
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In the last chapter I stated that the bottom of the 
sea round some islands is thickly cootcd with living 
corltls, which nevertheless do not (orm roots, either 
from insuffieicntgrowth, or trom the specics not being 
adapted to contend with the brca.king \\,ll.\"es. 

1 have been assured by seYcral nfwigators that 
thera nre no coral-reefs Oil the wcst coast of Africa,l or 
ronnel thc islands in the Gulf of Guincn.. '}'his perhaps 
may be attributed to the sediment brougM down by 
thc many rivers dcbouching on thnt const, and to the 
extensive mud-banks which line great par~ of it. But 
the islands of St. Helena, Asoonsion, the Cape Verdes, 
St. Pil.ul'e, and Fernando Noronha, arc, also, entirely 
destitute of reets, although they lic far out at sea, are 
composed of the same ancient \'olcanic rocks, and havc 
the same general form with those islands in thc Pacific, 
the shoreB of which are surrounded by gigantic walls of 
coral-rock. With the exception of Bermuda, thtlrc is 
not II. single coral-reef in thc ccntral expanse of the 
Atlantic oc(:an. It will, perhaps, be suggested that 
the qUllntity of carbonate of lime in different parts of 
the sea. may regulate the presence of reefs_ But this 
cannot be the case, for at Ascension, thewnvcs, charged 
to excess, preeilJitatc a. thick Ia.ycr ot ca.lcareous matter 

Mr. Whitmoe'l Uawmeni all to the upheaval ()/ the lbon.mentioned 
part of Savlii. (lo'rom malaials eol1ooted by Mr. Olrwin.)] 

, II might be coneluded, from a paper by Capt lin Owen (Geo_ 
graph. Journ" vol. ii.p.8!)).thBI the reefl otl Calle SI. Anne and the 
Sh~rboro' hlandl were of CO>'II. Ilthough Iheaulilor "ate. thallhey 
Ire nOI purelywrilline. But I hive been allured by Lieut. Aol. 
land, R.N., lbat th_ teet. are not of coral, or at le&althat they do 
nol al all ll'Kmble lbOH in lbe West lndi ... 
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on the tidal rocks; and at St. Jago in the Cape Yerdes, 
carbonate of lime not only is abundant on the sbores, 
but it forms the chief part of some upraised post
tertiary strata. The apparently capricious distribution, 
therefore, of coral-reefs, cannot Oe fully explained by 
nnyof the aboye obvious causes; but, as the study of 
the terrestrial amI better-known half of the world, 
must convince everyone that no station capable of 
supporting life is lost,-nay more, that there is a 
struggle for each station between different organisms, 
-we may conclude that in those parts oi the inter
trol,icai sea in which there are no coral-reefs, there 
arc other organic beings, supplying the place of the 
reef-building polypifers. It has been shown in the 
chapler on Keeling atoll that there are some species of 
large fish, and the whole tribe of Holothurire,1 which 
prey on the tenderer parts of the corals. On the other 
hanel, the polypifers in their turn must prey on other 
organic beings; and they would suffer by the diminu
tion of their prey through ally cause. 'fhe relations, 
therefore, whieh determino the formation of reefs on 
any shore, by the vigorous growth of the efficient kinds 
of coral, must be very complex, and with our imperfect 
knowledge inexplicable. :From these considerations, 
we may infer that changes in the condition of the sea, 
not obyious to our senses, might destroy all the coral· 
roofs in one area, and cause them to appear in another: 
thus, the Pacific or Indian ocean might become as 
barrell of coral-reefs a.s now is the Atlantic, without 

• (See Appendi1ii.] 
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our bcingnble to assign any adequate cause for such a 
change. l 

It has been n question with some naturalists, which 
part of a retf is most Cal"ourable to the growth of coral. 
The great mounds of living Porites and of Millepora 
round Keeling atoll occur exclusively on the extreme 
verge of the reef, which is washed by a constant suc
cession of breakers; and living cornl nowhere else 
forms solid masses. At the Marshall islands the lnrger 
kinds of corals (chiefly a species of Astrrea, a genus 
closely allied to Porites), ' which form rocks measuring 
Bel'eral fathoms in thickness,' prefer, according to 
Chamisso,' the most violent surf. I have stated 
that the outer margin of the Mo.ldiva !ltolls consists of 
living corals, (some of which, if not all, !lre of the same 
specics with those at Keeling atoll), and here the surf 
is SO tremendous, that eyen large ships have been 
thrown, by a single heaye of the sea, high and dry on 
the retC, all on board thus escaping with their lives. 

Ehrenberg J remarks. that in the Red Sea tbe 

, I hanlefttheforegoingperagraphlnearl,ulhe,tlood inlhe 
tinted-ilion; bUI,u,taled in the Prefaoe c.othepreIleDI"Orll:, Dana 
hu thown that i have undervalued tha importanoe of tbe mean 
II!m~ra'u ... of the Ha during tbe coldell t .uon of Ibe year, on tbe 
distributionofcoral·reeb,llI .... eU .. perhal"lheinjuriou.efJecllol 
reoentvolcanicaction. Dutiea.nno,_tha\theablenceofoon.l. 
roofl round «Irtaini.landl in the Atlantic,lorin,tance Ascension 
81. Paul'. llocll:, and Fernando Noronha, or from the thore. of the 
Gu1t of l>anama,i.uplicablethrougbanll1:nowncaulle . 

• Kotzebue'. Jo'int Voyage (Eng. Tn.nsl.), vol. iii. pp. 142, HS, 
3SI. 

I Ehrenberg, Ueber die :Satur und BilduoS de. Corallen Binke 
im rothenMeere.p .• 9. 
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stt'Ongest corals live on the outer reefs, and appear to 
love the surf j he adds, that the more branched kinds 
abound a. little way within, but that these in still 
more protected places become smaller. Many other 
fa.cts having a. similar tendency might be adduced.' It 
liM, however, been doubted by MM. Quoyand Gaimard, 
whether any kind of coral ca.n even withstand, much 
less flourish in, the breakers of an open sea j I they 
uftirm that the saxigenous lithophytes flourish only 
where the water is tranquil, a.nd the heat intense. 
'1'his statement has passed from one geological work to 
another; nevertheless, the protection of the whole reef 
is undoubtedly due to those kinds of cora.l, which 
cannot even exist in the situations thought by these 
naturalists t(l be most favourable to them. For should 
the outer and living margin perish, of anyone of the 
many low coral-islands, round which a line of great 
breakers is incessantly foaming, the wbole, it is 
scarcely possible to doubt, would be washed away and 
destroyed in less than half a century. Bnt the vital 
energies of the corals conquer the mechanical power of 
the waves; and the large fragments of reef torn up 
by every storm, are replaced by the slow but steady 
growth of the innumerable polypifers which form the 
living zone Oil its outer edge. 

, In the West. Indiel, &$ I am informed by C.ptain Bird Allen, 
RN., it.ilt.heoommon belief of thos\I who are best aequ.inted .... ith 
th\l~rl,th.ttheeor.IOourilhe8most"'herefreelyupol\ildLothe 

iwell of the open eea . 
• Annalea des Seienoos !\aturelles, tom. vi. PI'. 271J,278.- 'La ou 

lei onde~ IOnt agitoos, leI LytQphytes ne pe''''ent travailler, parea 
qu'cllosd~truirai~ntleur8fragilesMi6ccI,' &0. 
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From these lacts, it is cerlain, that the strongest 
and most massive corals flourish where most exposed. 
The less l>ertect state of the reef of most atolls on the 
leeward and IC88 exposed side, compared with its state 
to windwar(); and the analogous case oC the greater 
number of breaches on the near sides of those atolls 
in the Maldiva Archipelago which afford some pro· 
tection to each other, are obviously explained by this 
circumstance. If the question had been, under what 
conditions the greater number of species of coral, not 
regarding their bulk and strength, were developed, I 
should answer,-proba.bly in the situations described 
by MM. Quoy and Oaimard, where the water is 
tranquil and the heat intense. The total number of 
species of coral in the circum tropical seas must be 
very great; in the Red Sea alone, 120 kinds, accord· 
ing to Ehrenberg,l have been observed. 

1'he same author has observed that the recoil of 
the sea from a sleep shore is injurious to the growth 
of coral, although waves breaking over a bank are 
not so, Ehrenberg also states that where there is 
much sediment, placed 80 as to be liable to be moved 
by the waves, there is little or no coral; and a. 001· 
lection of living specimens placed by him on a sandy 
shore died in the course of a. few dll.ys.l An experi. 
ment, howe\'er, will presently be relate') in which 
some large masses of living coral increased rapidly in 
size. after baying been secured by stakes on a sand· 
bank. That loose sediment should be injurious to 

I Ehrenberg Ueber die Nalur, .te . .te .• p. ~6. • Ibid. p. ~9. 
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the living polypifcrs, appears at first sight probable; 
and in sounding ofT Keeling atoll and Mauritius, the 
arming of the lead invariably came up c1£!an, where 
the coral WILlI growing yigorously. A strange belief, 
which, according to Captain Owen, I is general amongst 
the inhabitants of the hfaldiva. atolls, namely, that 
corals have roots, and therefore grow up again if 
merely broken down to the surface, but if rooted 
out, are permanently dClltroyed,-I am inclined to 
believe arises from the fact that loose sand injures 
the polypifers. Por it is probable that sa.nd would 
accumulate in the hollows formed by tea.ring out the 
corals, but not on the broken and projecting stumps; 
and therefore, in the {ormer case, the fresh growth 
of the coral would be prevented. By tbis means 
the inha.bitants kt'ep their harbours clear; and thus 
the French governor of 8t. Mary's, in Madagasear, 
' cleared out amI made Il beautiful little port at that 
place.' 

In the last chapter I remarked, that fringing
reefs are almost universally breached where streams 
enter tho sell.' Most authors bave attributed this faet 
to the injurious effects of the fresh water, e\·en where 

, Captain Onn on the G.ograph,. of \be M&ldin lAlands, Geo. 
graph. JOIlI'1Ll.I. vol. ii. p.88. 

I Lient. Well.1ad and olben h .... remarked lb., thil il the eQe 

i.n 'he Red Sea: Dr. RllppeU (Rei •• in Ah,.u. Band. i. a. 142) UJI 
th.,lbenl&nlpear·thepedh •• !:>ooninlheupreiaedcoraJ_l,inIO 
whieh periodicalltreaml tllter. From this eireunul&nce, I pl"ftWllf!. 

we mu.' inler lba', belore Ihe uphe.v.1 ollhe 111'&1& now forming 
Ih8 __ t-land. frelh .. ater and aediment entered the-ea.t lhese 
poinW;&ndlheooralbeinglbu.preyentedgrowing,thepear.lbaped 
harbours we •• p.odueed. 
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it enters the sea only in small quantity and during a 
part of the year. No doubt brackish wattr would pre
\"ent or relard the growth of coral; but I beliel'e that 
the mud and sand, which is deposited, even by small 
rivulets when flooded, is a much more efficient check. 
The reef on ('acb side of the channel leading into.Port 
Louis at Mauritius, ends abruptly in a wall, at the 
foot of which I sounded, and found a. bed of thick mud . 
This steepness of the sides appears to be a general 
chnrncter in such breaches: Cook,l speaking of one 
at Raiatcn, snys, ' like all the rcst, it is "ery steep on 
both sides.' Now, if it were the rresh water mingling 
with the snIt, which pre\'ent-ed the growth or coral, 
the reef certainly would not terminate abruptly; but as 
the pol.ypifcrs nearest the impure stream would grow 
less vigorously than those farther off, so would the 
reef gradually thin away. On the other hand, the 
sediment brought down from the land would only 
prenmt the growth of the coral in the line of its 
deposition, but woul(\ not check it all the side, 80 that 
the roofs might increase tiU they o\'erhung the bed of 
the channel. The breachesnremuch fewer in number, 
and front only the larger \'alleys in rC(!fs of the en· 
circling barrier clalls. They probably are kept 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. Their position in 
front of valleys, although often separated from the 
Jand by deep-water lagoon-channels, which it might 

, Cook'. Fin' V01"f:e, yol. ii. p. 271. (lfa.wkell'lrortb'. edil.) 

© The Comp lete Work of Charles Darw in On line 



:)0 COKDlTIOKS FAVOURABLE TO CH. IV. 

be thought would entirely remo,a the injurious effects 
both of tha fresh water and the sediment, will recei,e 
a simple explanation when we discuss the origin of 
barrier-reefs. 

In tha vegetable kingdom e"ery different station 
has ita peculiar group of plants, and similar relations 
appear to prevail with corals. We have ulready de
scribed the great difference between the corals within 
the lagoon of an atoll and those on its outer margin. 
The corals, 0.1110, on the margin of Keeling Island oc· 
curred in zones: thus the Poritcsaod Milkpora compia

nata grow toalarge size, only where they are waahcd by 
a heavy sea, and arc killed by 0. short exposure to the 
air; whereas, three species of Nullipara also live amidst 
the breakers, but are able to survive uncovered for a 
part of eaeh tide: at greater depths, a strong Madre
pora. and Millepora alcicQmi& are the commonest kinds; 
the former appearing to be confined to this part: be
neath the zone of massive corals, minute encrusting 
eorallines and other organic bodies li\-c. H we com
pare the external margin of UIA reef at Keeling 0.0011 
with that on the leeward side of Mauritius, which are 
Yery differently circumstanced, we shall fmd a corre· 
sponding difference in the appearance of the corals. At 
the latter place, the genus liadrapors is IlreponderRnt 
oyer every other kind; and beneath the zone ofmassivo 
eorRls there are lRrge beds of Serintopora. There is 
also a marked difference, according toCapto.in Moresby, I 

, Captain Momby Oil th6 Nonhero hlaldiva Atoll,. Geograph. 
JIlIII'D.,\·ol.v.p.-IOI. 
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between tbe great brflllching corals of the ned Sea and 
those on the reefs of the Maldiva atolls. 

These fl\Cts, which in themselves are deserving of 
notice, bear, perhaps, not yeryremote)yon 0. remarkable 
circumstance which has been pointed out to me by 
Cliptain Moresby, namely, that with very few exeep· 
tions, nOlleof the coral· knolls within the lagoousof Peros 
BIIUhos, Diego Garcia., and the Great Chagos Bank (all 
situated in tbe Chagos group), rise to tho surfaoeofthe 
water j whereas, with equally few (!XCeptiolls, all those 
within Solomon and Egmont atolls in tiHI same group, 
and likewise those within the large southern MaldinL 
atolls, reach the surface. I make these stutelDents, after 
having examined tbe charts of each atoll. III the lagoon 
of l)eros Ballhos, which is nearly twenty miles across, 
there is only one single reef which rises to the surface : 
in Diego Garcia there are seven, but several of tbese lie 
close to the margin of the lagoon, and need scarcely 
have bocnrcckoned: in the Great Chagos Bank there is 
not olle. On the other band, in the lagoons of some of 
the great southern MaldiYEL atolls, although thickly 
stud(ied with reds, everyone without C%ception rises to 
the surface; and on an average thcre are less than two 
submerged reefs in each atoll: in the northern atolls, 
howcvcr, the submerged lagoon.reefs are not quite so 
rare. The submerged r£!efs in the Chagoe atolls gene
rally have from one to seven fathoms water on tbem, but 
sollle have from seven to ten. Most of them are small 
with very stoop sides; I at Peros Banh09 they rise from 

, Some of theae .l.atclm~mts we.re oot eommuoicated 1.0 IllI! ve.rb. 
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a. depth of about thirty fathoms, and some of them in 
the Great Chagos Bank from above forty fathoms: they 
are covered, Captain Moresby informs me, with living 
and healthy eoral two and three feet high, consisting 
of several species. Why then have not theso lagoon
reefs reached the surface, like the inmuuemble ones in 
the atolls above named? If we attempt to assign any 
difference in their externa.l conditions, as the ca.use of 
this diversity, we are at once bamed: the lagoon of 
Diego Garcia. is not deep. and is almost whoUy sur
rounded by its reef; Peros Banhos is very dccI" much 
larger, with many wide passages communicating with 
the open sea. On the other hand, of those atolls in 
which all, or nearly all the lagoon-reefs have reached 
the sudaee, some are small, others large, some shallow, 
others deep. some well enclose<1, and others open. 

Captain Moresby informs me that he has seen a. 
French chart of Diego Garcia made eighty years before 
his survey, and Illlpllrentlyvcry accnrate; and from it he 
infers, that during this inwrml there bas not been the 
smallest change in the depth on any of the knolls within 
tho lagoon. It is, also, known that during the last fifty_ 
one years, the eastern channel inw the lagoon has 
neither become narrower, nor decreased in depth; and 
as there are numerous small knolls of living-coral within 
it, soOlechfl.ngcmight have been anticipated. Moreover, 
as the whole reef round the lagoon or this atoll has been 
cOllYeded inw land·-an unparalleled casc, l believe, in 

ally by Captain lloreaby, bUl aN laken from the MS. account, before 
alhlded lo,oflheCh"l!;o.Oronp. 
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an atoll of such largesize,-and as the strip of land is for 
considerable spaces more than baH a. mile wide---also a. 
very unusual cireumstance,-we ha"e the best possible 
e"idence tbat Diego Garcia. has remained at its present 
level for a. "ery long period. With tbis fnet, and with 
the knowledge that no sensible change bas taken place 
during eighty years in the cornl knolls, and considering 
that every single reef has reached the surface in other 
atolls, which do not present the smallest appearance of 
being older tban Diego Garcia. amI Peros BanboB, and 
which are placed under the same edcrnal conditions 
with them, one is led to coneludc that these submerged 
reefs, although covered with luxuriant corsl, ha'-e no 
wndency to grow upwards, and that they would remain 
at their present le"els for an in<lefUlite period_ 

From the number of these knolls, from their posi
tion, size, Ilnd form,-many of them being only one or 
two hundred yards across, with a rouuded outline and 
precipitous sidcs,-itis indisputabletbat they hfL\-e been 
formed by the growth of coral; and this makcs the case 
much more remarkable. In Peros Banhos and in the 
Great Chagos bank, some of theBe almost columnar 
ma.sscsare200fecthigh, and their summits lie only from 
two to eight fathoms beneath the surface; therefore, 
a little greater proportional amount of growth would 
cause them to attain the surface, like those numerons 
knolls which rise from an equally great depth within 
the MaMivs stolls. \\e can hardly suppose that time 
has bc<!n waoting for the upward growth of the coral; 
as in Diego Garcia, the broad allouJar strip of land, 
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formed by the eontinued accumulation of detritus, 
shows how long this atoll h8.8 remained at its present 
le\'el. We must look to some other eause than the 
rate of growth i and I suspect it will be found in the 
reefs being formed of different species of corals, adapted 
to live at dille-rent depths. 

The Great Chagos bank is situated in the centre of 
the Chagos group, and the Pitt and Speaker banks at 
its two extreme points. These banks resemble atolls, 
except in their external rim being about eight fathoms 
submerged, and in being formed of dead rock, with very 
little living eoral on it: a portion nine miles long of 
the annular reef of Peros BanhoB atoll is ill the same 
condition. These facts, as will hereafter be shown, 
render it probable that the whole group at some 
former period subsided seven or eight fathoms; and 
that the coral perished on the outer margins of those 
atolls which are now submerged, but that it continued 
nlive and grew IIp to the surface on the others now 
perfect. If all these atolls did formerly subside, IlUd if 
from the suddenness of the movement or from allY otber 
cause, those speeies of corals which are best adapted 
to live at a certain depth, once got possession of the 
knolls, supplanting their former occupants, they would 
have little or no power to grow upwards. To illustrate 
tbis, I may observe that if the corals of the upper 
zone on the outer edge of Ketling a.toll were to perish, 
it is improbablo that those of the lower zone would grow 
to the surface, and thus become eXl>oscd to conditions 
for which they do not appear to be adapted. The eOD-
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jecture that the corals on the submerged knolls within 
the Chngos atolls have analogous habits with those of 
the lower zone outside Keeling atoll, receives some sup· 
port from a remark by Captain Moresby, namely, that 
they have a different appearance from those on the reefs 
in the MaJdiva atolis, which, as we have soon, all rise to 
the surface: he compares the kind of difference to that 
of the vegetation under different climates. I have 
entered at considerable length into this case, although 
unable to throw much light on it, in ortIer to show that 
coral· reefs situated in different places or at different 
depths, whether forming the ring of an atoll or the 
knolls within a lagoon, need not all bo supposed to 
ha.ve an equal tendency to upward growth. The infer· 
ence, therefore, that one reef could not grow to the 
surface within a ghen time, because another, not 
known to be covered with the same species of corals, 
and not known to be lliaced under exactly the same 
conditions, has not within the same time reached the 
surface, is unsound. 

SECTION II. 

THE remark made at the close of the last section, 
naturally leads to this division of our subject, which 
has not, I think, hitherto been considered under a 
right point of view. Ehrenberg I has stated that in 
the Red Sea, the corals only coat other rocks in II. 

'Ehrenberg,as before cited,pp. 39,46,and.50. 
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layer from ono to two feet in thickness, or at most to 
a lathom and a-half; and he (lisbclicycs that, in ally 
case, they form by their own proper gro\\ih great 
masses, stratum OYer stratum. A nearly similar ob
servation has been made by MM. Quoy and Gaimard,' 
with respect to the thickness of some upraised beds of 
coral. which they examined at Timor and some other 
J>laccs. Ehrenberg' saw certain large massive corals 
in the Red Sea, which he imagines to be of Buch .ast 
antiquity. that they might haye been beheld by 
Pharaoh; and R.Ccording to Sir C. Lyell' there are 
certain corals at Bermuda, which are known by tra
dition to have been li\-jng for ccnturics.4 To show 
how slowly coral reefs grow Ullwo.rds, Cfl.ptnin Beechey~ 
has adduced the caso of the Doillbill neef ofT Tahiti, 
which has remained at the same depth beneath the 
surface, Ilamely, about two fl~thoms and a-half, for tl. 

period of sixty.seven years. There are reefs in the 
Red Sea, whieh certainly do not "ppear S to have in-

, Annaludell Sciencu Nat., tom. vi. p. 28. 
• Ehrenbel'lJ,ut au ll.p.42. 
• Lyell·a l'rincipIMofGeologJ'.bookiii.ch.niii. 
, Sinu th\! Ilreoeding page. (of Ihe fint edit.) have been printNi 

ofl', I have rooei"ed from Sir C. Lyell an in«!re.ting pamphlet.en. 
titled Remark. upon Coral·Forn.aliona, <te., by J. Coutbouy, Boswn, 
United Slate-. 11<-111. A lIawml'nt (p. 6) ;. hen ii"en on tbe aUlbo. 
rilyof tlul u.e~.J. Willia.ms,corroboratiqth.abo,·erema.ruon the 
antiqD.ilyol oertain individ ... lcora~, namely. thai at UpolJ;l,oneof 
the Navipwr i.land." particular elumlM or ooral are kno1rn 10 Ihe 
filhennl'D by name, derived from eilher 110m. panicul&r configuralion 
or lraditionaltached wlhem,and handed d01l'll from time i.mme
morial.' 

• Beechey"Voy. to Ihe PIIC;fic, eh. viii. 
• Ebrenbera. ut ,up. p. IS. 
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crcased in dimensions during the last half century, and 
from the comparison of olel charts with recent surveys, 
probably not during the last two hundred years. 
'rhese, and other similar facts, II/we 80 strongly im· 
presaed many with the belief of the extreme slowness 
of the growth of corals, that they ha.ve e\-en doubted 
the possibility of island~ in the great occans haying 
been formed by their agency. Others again, who have 
not been ovcrwhelmed by this difficulty, ha\'e ad· 
mitted that it would require thousands, and tens of 
thousands of ycars, to form n. mass even of incon
si(ierable thickness: but the subject has not, I believe, 
been viewed in the propcr light. 

That masses of considerable thickness have been 
formed by the growth of coral, may be inferred with 
certainty from the following facts. In the deep 
lagoons of Peros Banhos and of the Great Chagos 
bank, there are, as already described, small steep· 
sided knolls covered with living coral. 'I'here are 
similar knolls in the southern Ualdiva atolls, some of 
which, as Captain Moresby assures me, are less than 
a hundred yar(is in diameter, and rise to the surface 
from a depth of between 250 and 800 foot. Con· 
sidering their number, form, and position, it would be 
preposterous to suppose that they are based on pin
nacles of rock, or on isolated cones of sediment. As 
no kind of living coral grows above the height of a 
few feet, we are compelled to suppose that these knolls 
have been formed by the succe8sive growth and death 
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of many individuals,-first one being broken off or 
killed by some accident, and then another, and one set 
of species being replaced by another sct with different 
habits, as the rcef rose nearer the surface, or as otber 
changes supervened. The spaces between the corals 
would become filled up with fra.:,n:mcnts and sand, and 

sllch matter would probably soon be consolidated, for 
we learn from Lieut. Nelson's 1 observations at Bermuda 

that a process of this kind takes place beneath warer, 
without the aid of evaporation. In reefs, also, of the 
barrier class, we may feel Bure, as I have shown, that 
masses of great thickness have been formed by the 
growth of coral. In the case of Vanikoro, judging: 
only from the depth of the moat between the land 
and the reef, the wall of coral-rock must be at least 
BOO feet in vertical thickness. 

So again some of the upraised islands in the Pacific 
show what thick masses of coral-rock haye been 
formed. Dana ~ states tha.t Metia, in the Paumotu 
or Low Archipelago, consists of white solid limestone 
with some disseminated corals; and this island once 
existed as an atoll, though now surrounded by cliffs 
250 feet in height. The cliffs round Elizabeth Island 
in the same archipelago are 80 feet high, and are 
composed, tl.ccorcling to Beechey, of homogeneous coral
rock. MlUlgaia in the Hervey Group, and Rurutu, 
appear both to have onee existed as encircled islands, 

I Oeologi~IlITraD98etionB,voLv.p.1l3 . 
• Corals and Coral blandB, 1872,p.193. Seealoo Mr. Couihouy's 

pamphlet IlbQve referred to. 
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and their barrier-reds arc now in llll.rts SOO feet abo-re 
the le\'el of the sea. l 

Some attemllts have been made, with but little 
success, to ascertaiu by boring the thickness of coral 
formations. At Bow Island, in the Low Archipelago, 
Sir E. Belcher t bored to a depth of 45 feet, and 
below the first 20 found only coral-sand. During 
Wilke's Exp(:ditioll,S in a boring of 21 feet in depth 
on one of the islands in the snme archipelago, coral 
sand was passed through (or the first 10 or 11 feet, 
and then solid reef rock. On one of the Maldiva 
atolls in the Indian Ocean, Cll.l)tain Moresby bored to 
It depth of 26 foet, when his nuger broke. He gayc 
me the matter brought up, and it was perfectly white 
like finely triturated coral-rock. 

In my descrilltioll of Keeling atoll, I have ad· 
vaneed some facts showing th!~t the reef has probably 
grown outwards; and I found, just within the outer 
margin, the great mounds of Porites and of Millepora, 
with their summits lately killed, and thcir sides snb
sequently thickened by the growth of the coral : a 
layer, alEiO, of Nullipora had already coated the dead 
surface. As the external slope of the reef is the same 
round the whole of this and many other atollB, the 
angl\! of inclination must result from an adaptation 

, nan •• eoral •• nd Con.! 1~land •• p. 836. AI.o Fon~r·, Vo~ 
round Ute World wilh Cook. vol. ii. pp. Ina. 1(;7. Willi.am.o'. N.r .... 
lIve of Mi .. ion.ry f:ntl'rpri ... pp. SO, ~A, .nd 249 . 

• V01age Roond \h.World. vol. i. 1848, p. 86(1 . 
• N.rralive U.S. Exploring Expedilion. 1"01. iv. p. 2M. Daoll, 

<:<Irah.nd Cor.llilands. p. 184. 
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betwC(!n the growing powers of the coral and the 
force of the breakers, and their action on the loose 
sediment. The reef, therefore, could not increase out
wards without II. nearly equal addition to every part 
of the slope, so that the original inclin!ltion might be 
preserved, and this would require a large amount of 
sediment, all derived from the wcar of corals anti 
shells, to be added to the lower part. Moreoyer, at 
Keeling atoll Rnd probably in many other cascs, the 
dilTcrl:'llt kinds of coral would hase to encroach on each 
other; thus the Nulliporre cannot increase outwards 
without encroaching on the Porites and Millepora 

cOTllpWnatll, ns is now taking place; nor these latter 
without encroaching: on the strongly branched Madre
pora, the Milltj)orH alcicorni8, and some Astrroas; nor 
these IlAoin without a. foundation being formed for 
them within the requisite depth, by tbe accumulation 
or sediment. How slow, then, must be the ordinary 
lateral or outward growth of such reefs! But off 
Christmas atoll, where the sea is much more shallow 
than is usual. we have good reason to believe that, 
within a period not very remote, the reef has in· 
creased considerably in width. The land has the 
extraordinary breadth or three miles i it consists of 
parallel ridges of shells and broken corals, which 
furnish' an incontestable proof,' as observed by Cook,l 
, that the island has been produced by accessions from 
the scn, and is in a state of increase.' The land is 
fronud by a. coral-reel, and from the manuer in which 

'Cook'. Third \'oyage, book iii. eh. I. 
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islets are known to be formed, we Illay feel confident 
that the reef was not three miles wide when the first, 
or moat inward ridge, was thrown up; and, there
fore, we must conclude that ths roof has grown out
wards during the accumulation of the successive ridges, 
Here then, 0. wall oC coral-rock of very considerable 
brcadth has been formed by the outward growth of 
the living margin, within n. period, during which 
ridges of shells and corals, lying on the bare surface, 
ha"e not decayed , There can be little doubt, from the 
account gi,'en by Captain Beechey, that Mntilda atoll in 
the Low Archipelago has been com-erted in the space 
of thirty-four ycars, from being, as described by the 
crew of a wrecked whaling "essel, a 'reef of rocks,' 
into a lagoon-island fourteen miles in length, with 
'olle of its sides covered nearly the whole way with 
high trees.' I 'I'he islets, also, on Keeling atoll, it has 
been shown, ha,'e increased in length, find since the 
construction of an old chart, se"eral of them ha.ve 
become united into one long islet: but in this case, 
and in that of Matilda atoll, we have no proof that 
the foundation of the islets, namely the reef, has 
increased in breadth, although it must be allowed that 
this is probable. 

I think, therefore, in regard to the possible rate of 
outlt'(/rel growth of coral-reefs, but little importance 
lleed be attached to the fa.ct that certain reefs in the 
n"d Sea have not increased during a long interval of 
time, or to other similar cases, such as that of Ouluthy 

'BN>cbf1'I"01t.getothel'aeitlc,ch,\,iilnJ..,.iii, 
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atoll in the Caroline group. where every islet, descriOed 
a hundred years berore by Cnntova, was found in the 
same state by Lulkc.' For it cannot be shown that, 
in these cases, tho eonditiolls were fa "ourable to the 
vigorous and unoppooed growth of the corals !i"ing: 
in the different zones of depth, and that a proper basis 
fur the exknsion of the reef was preBent. Theso 
conditions must depend on mElny contingencies, and 
a basis within tho requisite depth eEln rarely be pre
sent in the deep oceans wbere coral formEltions most 
abound. 

Nor do I think, when wo consider the rate of the 
upward growth of reefs under favourable circumstances, 
tint we should be inflUCllccd by the fact that certain 
submcrgc(l rtX'{s, such as those off Tahiti or those within 
Diego Garcia, arc not now nearer the surface than they 
were mlmy years ago. For it has been shown that aU 
the recCs ha\'e grown to the surface in Borne of the 
Cbagos atolls, but that in neighbouring atolls which 
appear to be of equal antiquity and to be exposed to 
the same external couditions, every reef remains sub
merged; we are, therefore, almost driven to attribute 
this to n. difference, not in the rate of growth, but in 
the habits of the corals in the two cases. 

In an old-~tant1illg reef, the corals, whicb greatly 
differ in kind on different parts of it, arc probably 

, F. Luu.41'a Voy. autour du Yonde. In the group Elato, 
ho_eyer, it appet. .... tht.t_hat i. no_ Lb, i.let Fali"i, i. eaI.!ed in 
Canto"'" Chart, the l~e dB )<'.li"i. It il not Itt-i.cd wh .. ther thi, 
.... been cauBed by the growth of con,l,or by 'he aocumul.lion of 
.. nd. 
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all adapted to the stations they oecupy, tlnd hold their 
places, like other organic bcillgS, by a struggle one 
with another and with external natlUe ; hence we may 
inler that their growth would be slow except under 
peculiarly fa,·ourablecircuwstnnces. Almost the only 
natural condition, allowing a quick upward growth of 
tho whole surface of a reef, would i>e a slow subsidence 
of the area in which it stood i-if, for instance, Keeling 
aton were to subside two or three feet, can we doubt 
that the projecting margin of live coral, about half an 
IIlch in thickn6f;s, which surrounds the dead upper sur
faces of the mOlmds of Porites, would in this case form 
a concentric lA.yer over them, and the reef thus increase 
ullwards, instead of, as at present, outwards 'I The 
Nulliporm are now encroaching on the l)orites and 
Millepora, but in this case might we not confidently 
expect that the iattf'.r would, in their turn, encroach 
on the Nulliporm 'I After 8. subf;idenooof this kind, the 
SI'8. would gain on the islets, and the great fields of dead 
hut upright corals in the lagoon would be co,'eroo by a 
sheet of clear water; and might we not then expect 
that these reefs would risc to the surface, as they an
ciently did when the lagoon WI\S less ronfined by islets, 
and as they did within a period of ten years in the 
schooner-channel cut by the inhabitants, In one of the 
Maldiva. atolls, a reef, which within a. ,'ery few years 
existed as an islet bearing cocoa-nut trees, was found 
by Lieut. Prentice '~lItirtly COl·trtd uitlL lit·t coral and 
.1Iadr~]JQrt.' The nath'es i>elieve that the illiet was 
washed away by a change in the currents, but if, 
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instead of this, it had quietly subsided, surely every 
part of the ildanci which offered a. solie! foundation, 
would in Ii like Oiallner have bceomecoated with living 

coral. 
Through steps such as these. any thickness of rock 

composed of a singular intermixture of various kinds 
of corals, shells, and calcareous sediment, might be 
formed; but witbout subsidence, the thickuells would 
necessarily be determined by the depth at which the 
reef-building polypirers can exist. If it be asked, at 
what rate in years I suppose a. reel of cora] favourably 
circulUstanced could grow up Crom a given depth; I 
must answer that we haye no precise evidence on 
this hend . It will, however, be hereafter shown that 
in certain Itu'ge areas wher~ subsidence has probably 
been long in progress, the growth of the corals bils 
been sufficient to keep tho reefs up to the surface; and 
this is a much more important standard of comparison 
than any cycle of years. 

It may, however, be inferred from the following 
facts, that the rate under fa\'ourable circumstances 
would be fa.r from slow. Dr. Allan of Forres has 
given, in his MS. Thesis depogited in the library of 
the Edinburgh Univcrsity, the following account of 
some experiments, which he tried during his travels 
in the years 1880 to 1882 on the east coast of 
Madagascar. • To ascertain the rise and progres:s 
of the coral family, and fix the number or species 
met with at Foul Point (lat. 17° 40,), twenty spe
cics of coral were taken off the reef and planted 
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apart on a. sand-bank three Jut (ieep at tOlC fcaUr. 

Each portion weighed ten pounds, and wus kcpt in 
its place by stakes. Similar quantities were placed 
in a clump and secured as the rest. This was done 
in December 18S0. In July following, each detached 
mass wa~ nearly lo\'el with the I*:a at low water, quite 
immovable, and sc\'erru feet long, stretching, like the 
parent reef, in the line of tho coast-current trom north 
to south. Tho masses aooumulated in a clump were 
found equally increased, but some of the species in 
such unequal ratios as to be growing over each other.' 1 

The loss ot Dr. Allan's magnificent collection by 
shipwreck, unfortunately pre\'ents its being known 
to what genera these corals belonged j but from the 
numbers experimented on, it is certain that all the 
more conspicuous kinds must have been included. 
Dr. Allan informs me, in a letter, that he believes 
it was a Madrepora which grew most vigorously. 
One may be permitted to suspect that the level of the 
sea might possibly have been 80mewhatdifferent at the 
two stat( .. d periods j neverthe.Ioss, it is (Illite evident 
that the growth of the ten-pound masses, during the 
six or se\'en months at the end ot whicb they were 
found to be immovably fixed t and several feet in 
length, lUust have been vcry great. 'l'he tact of the 

, I 0_0 the.bove utraet to the kindn_ofDr. lIaloolmaon, 
• It i. ualed by Mr. De 1a 8eeh~ ((;~logieal Manual, p. "S), un 

the authority of Mr. Lloyd. who .uneyetl lhe l"lhmu. of Panama. 
IhulOme .peeimen. oll'olypifen. placed by him in a ahel\.ered 
pool 01 water, were found in Iheeoul'Mofale .. da,..lIrml,.tiletlby 
lheseeretionofa'k)llymatWr,tolheooll.om. 
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different kinds of coral, when placed in one clump, 
having increased in extremely unequal ratios, is very 
interesting, as it shows the manner in which a reef, 
supporting mally species of coral, would probably be 
affected by a change in the external conditions 
favouring one kind more than another. The growth 
of the masses of coral in N. and S. lines parallel to 
the prevailing cnrrents, whether due to the drift
ing of sediment or to the simple movement of the 
water, is, also, an interesting circumstance. 

Lieut. Wellstcad, I.N., informed me that in the 
Persian Gulf It ship bad her copper bottom en
crusted in the course of twenty months with a layer 
of coral tIro fut in thickness, which it required great 
force to remove when the vcsscl was docked: it was 
not ascertained to what order this cornl hclonged.' 

I Mr. Stutehbury (West of England Journal, No. I. p. ::;0) hai 
deseribEt! a specimnn of Agaricia, 'weighing 2 lb... l) oz., wllich ~ur· 
round, a apec;es of oyster, whOlle age could nQt be mo", Uum two 
yeaIa, and ye~ is cQmpleteiyen"eiopcd by th is dcnaeeoraJ.' 1 pre. 
sume that the Qys\er waB living when the specimeD waa prooured; 
otherwise the f!Wt teliB nothing. Mr.StutchburyahromentionBan 
nnchQr, which had become entirely enc"usled with coral in fifty 
yeaIl; other cue" howe"er, a", ract>nled of anchof8 having long 
remained amidst coral·roefl without having become coated. The 
InchQr of the lkagk. in 1S32, after having ~n dQwn euetlyone 
month at nio de Jo.Deiro,wBli &0 thiokly coated by t .... o speciel of 
Tubularis, that large Sp&ee8 of the iron wereenlirely eoneealed; the 
tufts of this horny zool'hyte wero between two and threeinchea in 
length. Spallanzamlltatea (Tra,.cls. Eng. Translat. '·o\. iv. p. 313) 
thll.l in t.he Mediterranell.n, the red coral of commeroo i. usnally 
dredged ",.eryl"n yeara. during wllich time it grows toll. heigh~of 
One foot. It groln, howe,.er, at different rate. in different plac .... 
It h ... been erroneously attempted W eompule t.he rate of growth of 
a red, from the fll.e! mentioned by Captain Beechey of the Chama 
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This fact in some degree corroborat~s the result of 
Dr. Allan's expel'im£'llts. 'l'be case of tho schooner· 
channel, choked uI> with coral in an interval of less 
than ten years, in the lagoon of Keeling atoll, should 
hI' here borne in mind. iVe may also infer, from 
the trouble which the inhabitants of tho Maldi'l"a 
atolls take to root out, as they express it, the coral· 
knolls from their harbours, that their growth can 
hardly be very slow. I IIlay add, that Y. Duchassaing 
hroke off all the Mo.dropol'l!s growing on a marked 
plnce in a bay at GtuHlnloupe; and in the coursc of 
two months he found there a greater number of 
cornls tban before.' 

From the facts given in this section, it may he 
c()ficluded, first, that considerable thicknCfl'les of rock 
ha\'e ccrtainly been lormed within the IlrPscnt geo· 
logical era. by the growth of corals and tho accumu· 
lation of their detritus; and, secondly, that the 
increase of individual corals and of rcellO, both out· 
wards or horizontally, and upwards or vertically, under 
conditions favourable to such increase, is 1I0t slow, 
when referred either to the standard 01 the average 

g41a& being ernbedded in cor.lrock. Dutitahouldberemembered, 
th.t.ome..,....,ie.olthi.geQlu im·ari.blylire. both whilst young 
.nd old. in ca"itiel,whieh the .nimal has the power of enlarging 
..-jth iu gro'll'th. l ... w many of theM abelll tbul embedded in th" 
oilier , fI..t' of Keeling .toll, which i, compoooed of dKd roclr.: .nd 
therefore the cavities in Ihi. cue had no relation whalel'er to the 
growth of coral. M. ~o, al.o. 8pealling of thi. lbell (partie 
Zoolog .. Voyage de !. Cogllilk). hu remarked. 'que eonsl..."mell\ 
I(ll VIt.!VeII H.ient cngr.goo. compMtcmcnl d.na I. mBiM dCI M.dre. 
porea .. 

, L'ln"itut, 18~1j, p. Ill. 
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oscillations of level in the earth's entst, or to the 
more precise but Jes8 importnnt ODe of n. cycle of 
years. I 

SECTIOS lIT. 

I RAVE alrcady described in detail the nature of the 
bottom of the sea immediately surrounding Keeling 
atoll j and I will here describe with almost eqnal care, 
the soundings ofT the fringing-reefs of Mauritius. I 
sounded with the wide bell.shspc<l lcad which Captain 
:FitzRoy used fl.t Keeling Island. My examination 
of the bottom WIlS confined to a. few miles of coast 
(between Port Louis and Tomb Bny) on the leeward 
side of the iFlillnd. 'l'he edge of the reef is formed 
of great shapeless masscs of brllllching Madrepores, 
which chiefly cOllsist of two specics,-IlPlJnrentiy 
Jr. rorymoo,a Ilnd pocillifera,-mingled with a few 
other kinds of coml. These masses ILre sepnrated from 
each other by the most irregular gullies and cavities, 

, [See Dan., Coral, and Corallaland., ch. i. lee. iv. for additional 
I""h ...,I.ting to rate of grow1.h of eoralL Le Conte (Amer. Jour. Sci· 
Ser.S.,·ol.s.pp.St 6) I!I<tim.I.n th.,. Moo...,para (urn:.:o.... .. ?) in 
.hoal w.to)T a' the Tol'I.o.p.& ~w upwanll ., the rate of SI inche:l 
per annum. Duncan (I'roe. Ito,.. Soc. uvi. ISS) eatim.au. io the 
eue of Lop1toMliaproli/fftI .nd Duo •• opll,U ..... trUtagalli p;rowing in 
deep _ter 10th. nol1h,"'eollOfSp.m(522IOS.'iOf.thoml).n in. 
cr_ 0p".nh., thto rate of O'2{l inehe. per .nnum. Th .... "It 01 
Ialer J'el('arehea in..lic.tetcon.idcrablevlfi.tion inlberal.eol 
growth, depending probably OD lpeeiel, loealil,.,<tC .•• odc:onfillQ~lhe 
geoeralconcJu.jonlofthilpa~ph.J 
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into which the lead sinks many feet. Outside this 
irregular border or Madreporilll, the water deepens 
gradually to 20 fathoms, which depth generally is 
founel at the distance of from half to three-quartcrs 
of (L mile from the reef. A little further out the depth 
is 30 fathoms, and thence the bank slopes rapidly 
ilHo tho depths of the ocean. 'rhis inclination is Yery 
gentle compared with that outside ]{(!()ling and other 
atolls, but compared with most coasts it is steep. The 
water was 80 clear outside the reef, that 1 could 
distinguish every objcct forming the rugged bottom. 
In this part, and to a. depth of 8 fathoms, I 
sounded repeatedly. and at each CRst pounded the 
bottom with the broad lead; nevertheless the arming 
invariably came up perfectly clean, but deeply in
dented. From 8 to 15 fathoms II. little calca
reous sand was occasionally brought up, but more 
frequenUy the arming was simply indented. In all 
this space the two Madrepores above mentioned, and 
two sp(!()ies of Astrrea. with rather large stars, seemed 
the commonest kinds; and it must be noticed that 
twice at the d"plh of 15 fathoms, the arming was 
marked with 0. c1ea.n impression of an Astrrea. 
Besides theso lithophytes, some fragments of the 
Milkpor{t alcicomi, which occurs in the same relati\·e 
position at l{(!()ling Island, were brought up; amI in 
the deeper parts there were large beds of a. Seriato. 
para., different from S. subulata, but closely allied to 
it. On the beach within the reef, the rolled fragments 
consisted chiefly of the corals just mentioned, and of 
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a massh'c Porites like that at Keeling atoll, of a. 
Meandrina, PadUQl'ora !:erru<'O,a, and of numerous 
fragments of Nullipora. From 15 to 20 fathoms the 
bottom was, with few c:tcCIJtioDs, either formed of 
sand, or thickly coveroo with &riatopora: this delicate 

coral st,,'ms to (orm at these depths extensive beds 
unmingled with lUIy otber kind. At 20 fathoms, onc 
sounding brought up a fragment of Madrepora. ap
)larently .11. pocillifera, and I believe it to be the 
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 anel 28 fathoms I 
obtained several soundings, and they all showed a sandy 

bottom, with onc exception at 30 fathoms, when the 
arming came up scooped out. as if by the margin of a 
large Caryophyllia. &yon<1 33 fathoms I sounded 
only once; and from 86 fl~t1IOUlB, at the distanco of one 
mile Rnd a third from tho edge of the reef. the arming 
brought IIp calcarOOlls sand with a pebble of yolcanic 
rock . The circumstance of the Ilrming baying in
variably como up quite clcnn whell sounding within a 
certain number of fathoms off the n .>efs of Mauritius 
and Keeling ato1\ (8 fathoms in the former case, 
and 12 in the latter), and of its having always 
come up (WiUl one exception) smoothed and co,cred 
witb sand when the depth cxceeded 20 fatboms, 
probably indicates a criterion, by which the limits 
of the yigorous growth of coral might in all cases be 
readily ascertained. I do not, however, suppose that 
if a yast l!umber of soundings were obtained rowld 
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these islands, the limit aOO\'e assigned would be found 
De\'er to vary, but I conceive the fnets are sufficient to 
show that the exceptions would be few. The circum
stance of a grfUl/wl chn.nge, in the two cases, from a. 
field of clean coral to 0. smooth Bandy bottom, is far 
more important in iudicating the depth at which the 
larger kinds of coral flourish, than almost any number 
of sepMato observations ou the depth at which certain 
SI>E:cies hal'e been dredged up. For we call uuderstand 
the gradation only 88 a prolongod struggle against 
unfavourable conditions. If a perSOIl were to find the 
soil clothc;d with turf 011 the banks of a stream of 
water, but on going to some distance on one side of i~ 
he observed tho blades of grass growing thinner and 
thinner with intervening patches of sand, until be 
entered a desert of sand, he would safely conclude, 
especially if changes of the same kind were noticed in 
other places, that the presence of the water was abso
lutely ncccssary to tho formation of 0. thick bed of 
turf; so may we conclude, with the 8il.me fooling of 
cortainty, that thick beds of coral are formed only at 
small depths beneath the surface of the sea. 

I have endeavoured to collect every fact which 
might either imaJidate or corroborate this conclusion . 
Captain Moresby, whose opportulliiies for observation 
during his survey of the Maldh's, and Chagos Archi. 
pelagoes were unrivalled, informs me, that tbe upper 
part or zone of the steep.sided reefs on tbe inner and 
outer cORsts of the atolls in both groups, invariably 
consisted of coral, and the lower parts of sand. At 
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7 or B fathoms depth, the bottom ig formed, as could 
he seen through the clear water, of great Jjl'ing 
masses of coral, which at about 10 fathoms generally 
stand some way apnrt from each otber, with patches of 
white sand bctwN!n them, and at a little greater depth 
these patches become united into II. smooth steep slope 
without anycornl. Captain Moresb}" also, informs me 
in support of the above slatement, that be only found 
decayed coral on the Padua Bank (northern part of the 
Laccadiyc group), which has an average depth of 25 
to 85 fathoms: but that on some other banks in the 
same group, with a depth of only 10 or 12 lathoms 
(for instance, the Tillacnpeni bank) the coral was 
living. 

Professor Drtna likcwisestntcs thll.tduring the various 
and extensive surveys in the Pacific Ocenn, mnde during 
the United Slates explori~g expedition, no evidence 
was found of corals growing beyond the depth of 20 
fathoms.1 I may here add that Sir E. Belcher, though 
he docs not state to what depth living corals extended, 
sa.ys that many soundings were taken olI Bow atoll, at 
depths ranging from 50 to 960 fathoms, and that the 
bottom always consisted of coral sand .' 

With regard to the coral·reefs in the Red Sea, 
Ehrenberg has the following passage. • The living 
cora.1s do not descend there into great depths. On the 
edges of islets and near reef:;, wbere the depth was 
small, very mnny lived; but we found no more e\'en at 

'Coral •• nd Corallllind •• 1872, p.ll!; . 
• VorapUouDd the World, ISI3,p.379, yol.i. 
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six fathoms. 'rho pearl-fishers at Yemen and Massaua 
fi.<;sertod that there was no coral near the pearl-banks at 
nine fathoms depth, but only sand. 'Ye were not able 
to institute any more special researches.' I I am, how
en::r, assured both by Captain Moresby and Lieut. WeU
stead, that in the more northern paris of the Red Sea, 
there are extensh'e beds of living eOrlll at a depth of 25 
fathomll, in which the anchors of their vessels were 
frcquentlyentn.nglcd. CalJtain Moresby attributes the 
less delJth at which the cornls are able to live in the 
places mentioned by Ehrenberg, to the greater quantity 
of sediment there; the situatiolls, where they were 
flourishing fl.t the delJth of 25 fathoms, were protected 
and the water was extraordinarily limpid. On the 
leewanl side of Mauritius, where 1 found tbe coral 
growing at a somewhat greater depth than at Keeling 
atoll, the 600., owing apparently to its tranquil state, 
was likewise very clear. Within the lagoons of some 
of the Marshall atolls, where the water can be bnt little 
agitated, there arc, according to ](otzebue, living beds 
of coral in 25 fathoms. }~rom these severaJ facts, and 
considering the manner in which the beds of clean coral 
off Mauritius, Keeling Island, the Malc1im, and Chagos 
atolls, graduated into a. sandy slope, it appears "ery 
probable that the depth at which reef.buildi.ng poly
pifers can exist, is partly determined by the extent or 
inclined surface which the currents of the sea and 
the recoiling waves hal'e the power to keep free Crom 
sediment. 

I Ehrenberg, Ueber die Natllr,kc. p. 60. 
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MM. Quoy and Gaimard 1 belic\'e that the growth 
of coral is confined within "ery limited depths; and 
they stato that they Ilc\'cr found any fragment of an 
Astrrea (the gcnus they consider most emcient in (orm
ing reefs) at a. depth aoo,'c 25 or SO feet. But we 
have seen that in several places Ule bottom of the sea 
is PM'ed with maSSiY6 corals at more than twice tbis 
depth; and at 15 fathoms (or thrice this depth) off the 
reefs of Mauritius the arming was marked with the 
distinct impression of a living Astrrea. Millepora 
(liciCQrnis lives in from 0 to 12 fathoms, and tho genera. 
Madrepom and S('riatopora from 0 to 20 fathoms. 
Captain Moresby has given me a. specimen of Sidcropora 

BCllbra (Porites of Lamarck) brought up alive from 17 
fathoms. Mr. Couthouyt states that on the Bahama 
banks he dredged up considerable masses of Mean
drina from 16 fathoms, and has seen this coral growing 
in 20 fathoms. 

Captain Beecbey informs me that branches of pink 
and ycllow coral were frequently brought up from be
tween 20 and 2;) fathoms off the Low atolls; and Lieut. 
Stokes, writing to me from the N.W. cORst of Australia, 
says that a strongly branched coral was procured there 
from SO fathoms: unfortunately it isnot known to what 
genera. these corals belong. 

Although the limit of depth,at which each particular 
kind of coral cetLSCs to exist, is thus far from being 
uccurately known: yet when we bear in mind the 

'Ann",lelde.Sei. Nat. tom. vi . 
• llema.rb OD Coral Forma.tiQDI, p. n. 
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manner in which the clumps of coral gradually became 
infrequent at about the same depth, and wholly dis
appeared at a greater depth than 20 Cn.thoms on the 
slope round Keeling atoll, off the reels in the Pacific 
(according to Dana), on tbe leeward side of the Mauri· 
tius, and at rather less depth both within and without 
the atolls of the Maldiya and Chagos Archipelagoes; 
and when we know that the reels round these islands do 
not differ Crom other coral formations in their form and 
structurc, we may, I think, conclude that in ordinary 
cases roor-building polypifers do not flourish at greater 
depths than between 20 all(l SO fathoms, and rarely at 
aoo\"e 15 fa.thoms. 1 

It bas been argued '-that reefs may possibly rise 
from very great depths through the means of small 
corals first making a platform for the growth of the 
stronger kinds. This, howcver, is an atbitrary supposi
tion: it is not always remembered, that in such "'Cases 
there is nn antagonistic power a.t work, namely, the 
decay of organic bodies when not protected by a. cover
ingof sediment or by their own rapid growth. We have. 
moreovcr, no right to calculate on unlimited time for 

I ~Thel:t:nenoleonclu'ion,of th;"paragraph do not appear to have 
beell di,t'lrbed by reeeot ~b~ lhongh Yr. Guppy (Proc. noy. 
Soe.Edin. xiii. p. s::i7, _AppeIl,lix II.) &rgUfIII in f"'ourol lhe 
poMibility of roofs OO(l&IIiooally bo!gionillg to grow at depth' of a~ 
leaat 50 lath om. ; and in the Reporu of the C/t(Jl~ Expt<l.itio" 
(Repan on the Red-building CoraJ... p. sto) _ of speci", whinh 
build l"e<'cfll,iivingat a deptb of 40falhOlllll,and ill t.-oinsta.nC" even 
at 70 fathoml.&n.ll"IlCorded. !;tillevenhereiti.admilled that 'the 
ro"eof moat aet;vegrowlh is from 1 to 20 f&tholus.'J 

I JOlll"nal of the Royal Geogrllph. Soc.lllSl,p.21S_ 
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the accumulation of small organic bodies into great 
masstls.1 E"cry fact in geology proclaims that neither 
the dry lund nor the \)cd oCthe sea retains the same lewl! 
for indefinite periods. As weU might it \)c imagined 
tha.t the British seas wouJd in time become choked up 
with beds of oysters, or that the numerous small coral
lines olI the inhospitable shores of Tierra. de1 Fuego 
would in time form a. solid and extensive cora.l
reef.1 

DeC:" CO" ..... TUD 
/atbomo ...... nnc" .. 

-----------I--i------~ 
!:;er\ ... la.ria 
Cella.ria. .. 

" A minute lea.rl<!1 fn· 
er ... aling_peciea,fo ... nd 
living ...• 

" An aUied •• ma.ll,lony 
lub-generieform • 

Aoorala.lliedto\"ine ... la.ria., 
... itheightro ..... oloeUI • 

Tubulipora, near to T.pltina. 
Do. do ... 

Ccllcpora. ge,·erallpeei<!.a.nd 
a.llied. .... b.geoericlorw. 

Djtto . 

Ditto . 

E ........ 
Dilto . 

itelollpora 

Diuo. 

40 Cape Horn 00' (Wllere none 
ditto ditto i.given Iha 

190 Keeling At. 1110 

4.8 S.CruaRiv.60 

Cape Horn 
ditto ditto 

\14 EutChHoe49 

obtlen-alioni.l 
m1 own.j 
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Antipathe~ 

Gorgonia(oranlllliedfonn) . 

IhosecomI.&ndcor&lIineswhichweh&venona&Onkl Bupp<me ever 
m .. teriIlIly&idinlheooustruclionol&NlCf. llr.Stokes &I80lhowed 
me II. Caryophyllia. which wll8 dredgtd up IIli\'e by Ca.ptain King 
from a deplh of SO falhom& off Juan !<'em .. ndez, iu l .. t. 33° S. Ellis 
(Nal. lIis!. 01 Coralline, p. (0) a!II.teI Ihal Ombellul&ri& was plO. 
cured in 1 .. 1.79° N. tt ickingkla li>UI hom Ihe depth of 230 f&thoms ; 
hence thi. cor .. l either must hava been flo&\ing 100""', or wllB en· 
tangled in a slmy line at Ihe bottom. Off Keeling at.oil II. compound 
AlICidia(SigiUina) wasbruughtup from 39 1 .. lhom8, and a piece 01 
eponge, apparently living, from 70, anti a frl\j!ment of Nullipor .. , 
&Iao app8onnUyliving,lr()m 92 fath()m&. AI & greater depth th&" 
90 falhoms the bolt.om was thickly elrewe\\ wilh juint. of a Halimeda 
and small Iragments of ()ther NuIlipo ... , bnt .. Ud .. ...J.. Caplain B
Allen, ll,N., inf()rml Inc tha' in Ihe suney 01 Ihe West lndiel it W8o~ 
not.iced,th8oliletweenlhedeplh()llOand200 lalh()ms,lhe80unding. 
lea.d very gencrllIlyc&me up cOlltOOwilh the deld joints ofa Hali· 
med8o, 01 which he Ihowed me specimens. Off Pernambuco, in 
lIrllzil. in llbout 12 f&thoms, the bottom w&. co"ered with fragments, 
dead Ind &Iive, of a dull red Nullipom, and 1 infer from ROII&.in', 
chart.lhat II. bott.om 01 Ihil kind ntendlo\"er & wide area. On Ihe 
bea.ch,wilhin Ihecor&l·reefsof M&uritiul,vlIsl quantities of frag. 
ments 01 Nulliportlll were piled !Ip. Fromthesela.cts,itappeanthat 
the..., &impl"urganised bodies,belonging to tile vegetable kingdom, 
al<lamongstthemouabundant proouetions of tba aea. [Oflatey""n 
coral&.commonly IOOlitary, h8o"e been lound at much grealcr deptlla 

© The Complete Work of Charles Darwin Online 



liS 

than those mentioned in Ihis note; for in8t.a.nce, Caryop"lIllia, 
down w at ieQi 1,1)00 f.thorn, (The Depths of the Sea, pp. 28. 431) . 
True coral. referable to the Mr.dreporaria are not very abundanl 
in deep water. Aceording 10 Mr. Moseley'a reporl, about teog<loera 
"&ell .. deplh of 1,000 fathomB; four gcnera&nl found &11,600 
flLthom$; and . ~ngle .peeie8exr.end. praclie&llythrough.Udeplh8, 

ranging from SO to 2,900 fathoms. Chai~ Reporl.ol, "(II. ii. 
(Zoology), 'On Coral. : pp. 132, 133. See.1Ao Report" vol. xvi., 
'On Reef·eo .... !.,. p. 85. 
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CHAPTER V. 

TnEOR1' OF TilE ~'ORlIATION OF THE OIPP'SREST CLASSES 

OF CORAL-REEFS. 

T,.,,,,/(IIZ.(lltMiDrgtr(Jrcllipdag(lu'lOl/~cm.ubnurgedcralt ... , 
urQII. ban'" of Ndiment - ImIM!lM area. illkrrper.ed with Groll, 
_TMi,. lu~_Th4 t,,«t. o/.torm. and wdhqualu. 0/1. 
fltolu-&ct .. t CM."9U in th4ir IUlu-TIw origin of baTritt-.rU/$ 
alld 0/ aWiZ. . Thdr relali~'lonq-TIle I/qJ·fOflW udgu ana 
OMIt.. rouMtM,lIcrt,ol_IQ9OOfU- Thering{~rul'of 
II,. Maldi~~ atoJ.18-TII4 ."blntt"gtd condilioft. of part. or oj the 
'It,/wlt 0/"""" a",,"/ar ru/.- TI,. diucrtrrllmt oJ 14~ atolb_ 
Tn. 14IIion 0/ atoll. bJllinwr ru!.-T/w grmt C/ul,goc Bank
Objlld~ ~r-«i o.Mng /rTJI" 1114 arM and "lIIm ... t o/.,,/> . 
• idmu rtfJuirfd b¥ /11. 1~-'l'M probabl. eompomtiol1. a/1M 
~ parb of aloll •. 

TilE naturalists who hM'C " isited the Pacific. seem to 
have had their attention rimted by the lagoon.islands 
or awlls,-lhoso singular rings or coral-land which 
rise abruJltly out of the unfathomable occan.- and 
ha'·e passed o,·er, almost unnoticed, the scarcely less 
wonderful encireling barrier-reefs. The theory most 
generally received on the formation of atolls, is that 
they are based on submarine craters: but wbere can 
we find", crater of the shape of Bow atoll, whir.h is five 
times as long as it is broad (Plate 1., fig. 4); or like 
that of MenchicolT Island (Plate II., fig. S) , with its 
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three loops, together shty milcs in length; or like 
Rimsky Korsacoff,narrow, crooked, and flfty-four miles 
long j or like the northern Maldiv8. atolls, made up of 
numerous r ing-formed reefs, placed on the ma.rgin of 
a disk,-one of which disks is eighty-eight miles in 
lcngth, and only from ten to twenty in breadth? A 
further difliculty on this theory of the origin of atolls 
arises from the necessary assumption of so large a 
number of immense craters crowded together beneath 
the sea. But, as we shall presently sec, a greater diffi· 
culty is involved. namely, that nil these craters must 
lie within ncarly the same le\'el beneath the sca. 
Nevertheless, if the rim of 8. crater afforded 8. basis 
at the proper depth, I am far from denying that a 
reef like 8. llerfectly characterized atoll might not be 
formed on it. Some such, perbaps, now exist; but 
it is incrediblo that the greater number could have 

thus originated. 
An earlier and better theory was proposed by 

Chnmisso: I he supposes that as the more massi\'C kinds 
of corn.ls prefer the surf, the outer portions of 1\ reef will 
first reach the surface and consequently form a. ring.' 
1 remarked in the third chapter that a reef, growing on 
a detached bank. would tend to assume an atoll·like 
structure j if, therefore, corals wero to grow up from a 
bank some fathoms submerged in a. deep sea, having 
steep s ides and a level surface, a. reef not to be dis· 

, KOlzebll$·. Firn Voyage, \'01. iiLp.S3!. 
• [D, anlieipation, aom$ of the objection ... hieh hne been raised 

01 ate 'Mill (_ .~ppend.i" fl.) &nI conJIide~ in lbi. Melion.] 
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tinguisbcd from an atoll might be formed; and I 
belie\'e some such crist in the W I:'st Indies. But on 
this ,'iew it must be assumed, that in every case the 
ba~is collf<ists of 1\ flat bAnk; for if it were conically 
formed lile a mountainous mass, we can see no reason 
why the corals should spring up from the flanks instead 
of from the central and highest partll. As the lagoons 
of atolls are lIometimes e,'en more than 40 fathoms 
deep, it must, also, be assumed on this view, that at a. 
depth at which the waves do not break, the coral grows 
more vigorously on the edges of a bank tb&n on its 
central part: and this is an a~ulllption without. any 
e"idencc} If we consider, moreo,'er, the number of 
the atolls in the midst of the Po.citic and Indio.ll 
Oceans, this a.ssulUlltion of so many submerged banks 
is in itself very improbable. 

No theory worthy of notice has been adnlllced to 
account for tho8C barrier· reefs which encircle islAnds 
of moderate dimemions. Tbe great reef which Cronts 
the coast of Australia has been supposed, but without 
any e\'idellee, to rest on the edge of a submarine 
precipice parallel to tbe shore. The origin of the 
third e1a.ss, or of frinlring-reefs, presents, I believe, 
scarcely any difficulty, and arises simply from the poly. 
pirtrs growing in moderate depths, and not flourishing 
close to gently shelving beaches where the water is 
often turbid. 

, 'Th~morevi.gorou.growthoftheeora.lon th~out ... ardp.rtof ... 
!'<let i., howe~er, _ned and ad~oealed by Mr. Mum,. .. produdug 
Ih~.tu\Jlonn, ~AppeDdiJ:I1.; 
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What cause, then, has given to atolls and barrier
reefs their chara.cteristio forms? Let us see whether 
an important deduction does not follow from the 
following facts,-first, that reef-building corals only 
flourish at a "cry limited depth,-and secondly, that 
throughout areas of vast dimensions, none of the 
coral-reefs and coral-islets rise to 110 greater height 
above the lewl of the sea than that attained by matter 
thrown up by the waves and winds. I do not make 
this latter statement vaguely j 1 have carefully BOught 
for descriptions of every island in the inter-tropical 
seas; and my task has been in some degree facili
tated by a map of the Pacific, corrected in 1834 by 
MM. D'Urville and Lottin, in which the low islands 
are distinguished from the high ones (even from those 
much less than a hundred feet in height) by being 
written without a capital letter.l I have also ascer
tained, chiefly from the writings of Cook, Kotzebuc, 
Bellingshausen, Duperrcy, Beechey, and Lutke regard
ing the Pacific; and from Moresby ' with respect to the 
Indian Ocean, that in the following cases the term 
'low island' strictly mcans land of the height com-

, I ha.'-edetectedafewerrouinthismap,reapeetingtheheighl~ 

of wme of the i'I'nds, whjeh will be noticed in the AppendiI, where 
I tre,t of coral-formations in geognphical order. To the Appendil, 
a.lso, I must rerer ror a.morepartieula.r &eClOunt of the data on whieh 
thefollowing~tatemenI8aregr(lunded • 

• Set. also Captain Owen', Ilond Lieut.. Wood'. papen in \he G~o
graphical Journllol on the Maldivllo sud Laecadi,-e Ar<:hipela~_ 
Theae oflie<lr6 p .. rticularlyrefer to the 10WIluI 01 theiylel8; bu~ I 
ehiefly ground my a.nerlion respecting these two groups, and the 
Chap group, from informalion communicated to me by Capt.ain 
Moresby_ 
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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 part of the Low 
Archipelago in which the islands are numerous-the 
plan always adopted-the figure will be a pointed 
ellipse (reaching from Hood to Lazuref Island), of 
which the longer axis is 840 geographical miles, and 
the shorter 420 miles: in this space,! none of the 
innumerable islets, united into great rings, rise aboyo 
the stated leyel. 'f he Gilbert group is vory narrow, 
and 800 miles in length . In a prolonged line (rom 
this group, at the distance of 240 miles, is the 
Marshall Archipelago, the figure of which is an 
irregular square, one end being broader tban the 
other; its length is 520 miles with an average width 
of 240: these two groups together are 1,0·10 miles in 
length, and aU their islets are low. Between the 
southern end of the Gilhert and the northern end of 
Low Archipelago, the oceall is thinly strewed with 
islands, all of which, as far as I have been able to 
MCertain, are low: so that from nearly the southern 
end of the Low Archipelngo, to the northern end of 
the Marshall Archipelago there is a narrow band of 
ocean more than 4,000 miles in length, containing 8. 

I Metia or Aurora Island hu been upraised; but it liel! N.E. of 
Tahiti. and in the map appended to this "olume is close without 
the line bounding the .pa.<:ehere rerelT<!d10. I shallhaWI<)(l(:uion 
hereafler to make some remark. on the suppoeed alight elevation (or 
about three feel) of the atolla of the Low Archipelago. subsequently 
1od.eiroriginal 'ormalion. [Otherea.&esof uphea"al have 8iuce boon 
reooNoo. ~A])]JendixlI.l 
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vast number of islands, nJl of which are low. In the 
wcatcrn part of the Caroline Archipelago, there is a. 
sllu.ceof 480 milcs in length, and about 100 in breadth, 
thinly interspersed with low islands, LasUy, in the 
Indian Occan, the archipelago of the Maldiv!l8 is 470 
miles in length, and 60 in breadth; that of thc Lac
cadh'es is 150 by 100 miles: as there is IL low island 
between tbese two groups, thcy may be considered as 
one group of a thousand miles in length. To this 
may be added the Chagos group of low islands, 
situated 280 miles distant, in IL line prolonged from 
the southern extremity of the llaldi"as. 'fhis group, 
including the submerged banks, is 170 miles in length 
and 80 in breadth. So striking is the uniformity in 
direction of these three archipelagoes, all the islands 
of which are low, that Captain Morcsby, in one of his 
papers, speaks of them as parts of one great chain 
nearly 1,500 miles long. I am, then, fully justified 
in repeating tbat immense spaces, both in the 
Pacific and Indian Oceana, are interapcrsed with 
islands, of which none rise above the height to which 
the WI\\'OS and winds in an open sea can heap up 
matter. 

On what foundationa, then, have these retfs and 
islets of coral been conatructed? A foundation must 
originally ha\'e been present beneath each atoll, at 
that limited depth which is indispensable for the 
!irst b'Towth of the reef-building poiYllifcrs. A con
jecture will perhaps be hazarded, thn.t the requisite 
bases may have betll afforded by thc acculllulation of 
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great banks of sediment, which did not quitc rear.h 
tho surface owing to the action of superficial currents, 
aided possibly by the undulatory mo,'ement of tho 
sea. 'I'his appears actunll.y to hS\'e been the case in 
some parts of the West Indian sea. But in the form 
and disposition of the groups of atolls, thore is nothing 
to couutenance this notion; and the assumption that 
a number of immense piles of sediment have boon 
heaped on the floor of the great Pacific alUi Indian 
Oceans in their central parts, far remote from land, 
where the dark blue colour of the limpid water 
bespeaks its purity, canuot for one moment be 
admitted .' 

'fhe many widely scattered atolls must, therefore, 
rest on rocky bases. But we cannot believe thnt a 
broad mountain summit lies buried at the depth of 
a few fathoms beneath every atoll, and nevertheless 
that throughout the immense areas above-named, not 
one point of rock projects above the level of the sea. 
For we may judge of mountains beneath the sell by 
those on the land ; and where can we find a single 
chain, much less se,'eral such chains, many hundred 

'[ThlBaooumulation,itwillbeobserved, iSllnint.egralpartofl'tlr. 
Murray's hypothesis. Se<!Appendix II. fora Bketchof the srgument& 
by which il is supported. Perhaps I mlly be I'IlrmilW<i to 1l'.hI thllt, 
in my opinion, the peru""l of the obsen'lltions of Mr. Murray, Mr. 
Guppy, Ilnd otheM! would probably hll,'e led Mr. Dllr,..in to modify 
slightlYBOmeoflhec!auSll&inilie&epageB,llndll!1owllmoreimporlanl 
rIJk. to the accumulation of organisms, other than corllla, on 8ubmarin~ 
banks. I donot,howe"cr,anticipatethBtthey "'ould hav6.eriously 
modified his KenErlll conclusions, or led him 10 regard mod"" 01 
formlliion, which these autholll consider to be normal, as other thau 
nccptional._'f.O.ll .] 
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miles in length and of eonsiderable breadth, with 
broad summits attaining the same height, from within 
120 to 180 feet? E,en if it be assumed without lIJly 
evidepce that the reef.building corals CIIJl flourish at a 
depth of 100 fathoms, yet the weight of the above argu
ment is but little diminished; for His almost equally im
probable, that as many submarine mountains, as there 
are low-islands in the seyeral greatandwidely.separated 
areas above-specified, should all rise within GOO feet of 
the surface of the sea 8nd not one above it, as that they 
should be of tbe same height within the smaller limit 
of one or two hundred feet. So highly improbable is 
this supposition, that we are compelled to believe, that 
the rocky fowldations 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 bave been effected 
by ele\,[I,tion; for the belief that points so numerous and 
so widely-separated were successively uplifted to a cer
tain level, but that not one point was raised abov('. that 
level, is quite as improbable as the former supposition, 
and indeed differs little from H. It will probably occur 
to those who have read Ehrenberg's account of the reefs 
of the Red Sea, that many points in these great areM 
may ha.ye been elevated, but that a.s soon as raised, the 
protuberant parts were cut off by the destroying action 
of the wa.ves: a moment's reflection, however, on the 
basin-like form of lhe atolls, will show that this is 
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impoBBible; for the upheaval and subsequent a.brasion 
of an island would leave a flat disk, which might become 
coated with coral, but not a. deeply coner-ve surface ; 
moreovcr, we should expect to see, at least in some 
parts, the rock of the foundation brought to the smface. 
If, then, the foundations of the many atolls were not 
uilliftcd into the requisite position, they must of neces
sity haye subsided into it; and this at once solvcs cyery 
difticulty,' for we mo.ysafely infer from tho fMb given 
in the last ehapter, that during a gradual subsidence 
the corals would be favourably circumstanced for build
ing up their solid frame ..... orks and reaching the surface, 
lUI island after islnnd slowly disappeared. Thus areas 
of immense extent in the central and most profound 

1 Th".ddilional dimculty on the crater hypolh8lli. btfolll allude(! 
10, will now be lIVident; lor all thisyiewlhe yoluni .. !lelion IIlU"t 
be IUPpo&ed 10 ba.,·e lormed wilhin Ihe area • .pt<:i!ied & yul number 
ofcralt'n,.Urising .. ilhin.fewf.tbomsofthelurfa« •• ndnMone 
o.boye il. The Inpr-ition Ih., Ihe eraten. .. till .1 dilftl'Mll lime. 
uprailed.bon-ethe.urf_,and .. e ... lhe .... bradedb,.lhe.urf.nd 
.ubetqllenti,. ....... i.ed by «orall,i •• ubjected to nearl7the ume 0b
jections ... ilh IhOM given .tlhe top of the p&ffe; bUI I oonllider 
itlu!"'rlluou.todetail.ll lhe.rgumentioppo&edto.uch • notion. 
Ch.miuo'l thoory, from ...... uming the uilienC>e of 110 m.ny banb, 
.llly'ng It Ihe l,rop.!r depth bene.th the w.te',i. a.lsovital1yde. 
lective. The nine obocrvation .ppliea to a.n h,.palhe&il of Lieut. 
Seloon'I(Goolog.Trans."o1.v.p.I22), ... hoaupl'o.e.th.llhe ring. 
formed structure i. cau_ h7' gre.ter number 01 II'!nnl of ooral. 
~i"S·ll&Ched\Othedediyjt,..th&ntotheeentra.lpl.te&lIof. 
lQbmarine bank; il likewi.e .ppliea to Ihe nOlion fannerl,. ente •. 
!&in .. 1 (Fonte.·, 0"""'"'.1'. 1(.1), that lagoon·j.dIDd. owe their pecll. 
liar form to Ihe inlliDctiYfllendenciei of the polypifen. AOIIOrding 
10 Ihilla.tteryiew, Ihe tor.l. on Ihe ouler ',,&rgin of the reel in. 
ItinCli,·elyoPl'oll8 Ihem-.e]yel to the."rf in order to.lYo.d proteclion 
to oor.llliving in the l"lloonwhich belong to Olhergener. and \0 

otberlamilieal 

c The Complete Work of Charles Darwin Online 



128 TIIEORY OF TlU: FonM.\TIOX Ca. V. 

parts of the great oceans might become interspersed 
with coral-islets, none of whjch would rise to II. greater 
height than that attained by detritus heaped up by the 
sea, and nevertheless they might all have been formed 
by corals, which absolutely re<luire for their growth a 
solid foundation within a few fn.thoms of the surface. 

It would be out of place here to do morc than 
allude to the many fads, showing that the supposition 
of agrndllllJ subsidence over large areas is by no means 
improbable. We have theclcnrcst proof that a move
ment of this kind is possible, in the upright trees 
buried ml(ler strata many thousand foot in thickness; 
we have also e\'cry reason for believing that there are 
now huge areas gradually sinking, in the snme manner 
as others are rising. And whcn we consider how liany 
parts of the surface of the globe ha,\'c been elevated 
within rocent geological periods, we must admit that 
there have been subsidences on a corr(>sponding scale, 
for otherwise the whole globe would luno swollen. It 
is Yery remarkable that Sir C. Lyell,' eyen in the first 
edition of his Principles of Geology, inferred that the 
amount of subsidence in the Pacific must ha.ve exceeded 
that of elevation, from the area. of land being yery 
small relatively to the agents there tending to form it, 
namely, the growth of coral aud volcanic action. But, 
although subsidence may explain a phenomenon other· 
wise inexplicable, it may be asked, are there any direct 
proorsof a subsiding movement in thcsearcilS? This, 

, PriooipiM of GMIClf!J'. lilLlh edition, vol. iii. p.386. [eb. dilL. 
l'ol.iLp.OO4,elel'enc.hedilion.] 
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howcvcr, can hardly be expected, (or it must e.er be 
most difficult, excepting in countries long civilized, to 
delect 0. mo\'ement the temlellcyo( which is toconccal 
the part alfeded. In barbarous and semi-ci.ilized 
nations hl)w long might not n. slow movement, even of 
clcmtion such as that now affecting Seandinada., ha\'e 
escaped attention! 

Mr, Williams' insists strongly that the traditions of 
the Ilatives, which he has taken much pains in collect
ing. do not indicate the appearance of any new islands: 
but on the theory of 0. gradual subsidence, all that would 
bcapparent would be, the water sometimes encroaching 
fl[owly on the hlnd, and the lnnd again recovering by 
tho accumulation of detritus its former extent, and 
perhaps sometimes thc conversion of an atoll with coral 
islets on it, into fL bare or into a sunken annular reef. 
Such changes would naturally lake plnce at the periods 
when the sea rose aoovc its usual Jimits during a gale 
of more than ordinary strength; and the effects of the 
two causes would be hard ly distinguishable, In Kotze
bue's Voyage there are accounts of islands, ooth in the 
Caroline and Marshall Archipelagocs, which have been 
partly washed away during hurricanes; nnd Hadu, the 
nati\'e who was 011 i>onrd one of the Russian vessels, 
said' he saw the sea. at Hadack rise to the feet of the 
cocoa-nut tn:t's; but it was conjured in time." A storm 
lately entirely swept awa.y two of the Caroline Islands 
and converted them into shoals; italsopartlydestroyed 

, William,', Kanal;'·. of Mi..-iour1 ElllerpriH, p. 31. 
• KOlztbue',Pin\ V01I1f1e,vot. iii. p.l68, 
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two other islands. 1 According to R tmdition which was 
commwlicat.e<i to Captain FitzHoy, it is belic\'cd in the 
Low Archipelago that the arrival of the firllt shipcaused 
a great inundation which destroyed many lives. Mr. 
Stutchbury relates t1ltlt in 1825, the western side of 
Chain Atoll in the same group, WBS completely de
vastated by fL hurricane, and not less than 300 lives 
lost: 'in this instance it was evident, even to the 
natives, that the hurricane alone was not sufficient to 
account for the violent agitation of the ocean,' I That 
considerable changes have taken place recently in some 
of the atolls in the Low Archipelago, appears certain 
from the cMeofMatilda. Island given in the Instchnpter. 
With respect to Whitsunday and Gloucester Islands in 
this same group, we must either attribute great inac
curacy to thcir discovcrer, the famous circumnavigator 
Wallis, or belie\'e that they have undergone fLconsider
able chnnge in the period of fifty-nine years between bis 
yoyago and that of Captain Bee<:hey_ Whitsun(lay 
Island is doscribed by Wallis as 'about four milcs long, 
and tbree wide,' now it is only one mile and a-half 
long. The appearance of Gloucester Island, in Captain 
Beechey's words,' , has been accurately described by its 
discoycrer, but its prcsent form and extent differ mate
rially.' Blenheim reef in theCbagos group. CQllsists of a. 
water-washed annular reef thirteen miles in circumfer
ellce, surronndinga lagoon t€n fathoms deep ; on its sur-

1 M. De.moulin. in Compte. R~ndu., 1840, p. 831. 
·WI!tI\of"'n81aodJoomal.Ko. l,p.~ . 
• Beeebey'aVoyage lolhe Paeifie.eh'p.\-ii., and Wallil'l\"oyage 

iolheDolplli~chal)· I'. 
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face there are a few worn patches of conglomerate coral· 
rock of about the size of hovels; and these Calltain 
Moresby considers as being, without doubt, the last 
remnants of islets; so that here an atoll has been con
"trted into an atoll-formed red. The inhabitants of 
the Maldim Archipelago. as long ago as lfi05, deelared, 
, that the high tides and violent currents were always 
llim illishing the number of the islands; , I and 1 have 
already shown, on the authorityorCaptain Moresby, that 
the work of destruction is still in progress; but that on 
the other hand the first formation of some islets is 
)mown to the present inhabitants. In such eaBel', 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 arc 
subject to earthquakes: Captflin Moresby informs me 
that tbeyare frequent, though not very strong, in the 
Chagos group, which oceupics II. central position in the 
Indiall Ocean, and is far from ally land not of corsI 
formation. One of the islands in this group was 
formerly cO"ered by II. bed of mould, which disap
p(:llrcd after an earthquake, and was belic\'ed by the 
residents to hawl bei!n wsshed by the rain into the 
underlying fractured rock: the island was thus ren
dered unproductive. Chamisso t staOOs that earth-

, See an utract from P1lllrd', \'01"39 in Cap1&in O~n"l*~r 
on Ih8 Naldiu. Arehipelqo. in 'h8 Oeosraphie.J Journal, '·01. ii. 
1'·111. 

I See Chamiuo, in Kotzebue', Fir" Voyage, vol. iii. pp. 182 and 
1;J1l. 
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quakes are felt in the Marshall atolls, which are far 
from any high land, and likewise in the islalHls of 
the Caroline Archipelago. On Oulleay atoll, one of 
the latter, Admiral Lutke informs me that he oh· 
sen·ed several straight fissures about a foot in width, 
rnnning for some hundred yards obliquely aeross the 
whole width of the reef. Fissures indicate a stretching 
of the earth's crust, and, therefore, probably changes 
in its level; but these coral-islands, which have been 
shaken and fissured, certainly have not been ele\'ated , 
and, therefore, probably have subsided .' We shall 
hereafter see that the position of certain ancient build
ings in the Caroline Arcbipelngoclearlyindicntes recent 
subsidence. In the chapter on l\eeling atoll. I have 
also attempted to show, by direct evidence, that the 
island subsided during the earthquakes lately felt there. 

The fads then stand as follows :-there are many 
large spaces 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 existence of these reefs and low 
islets in such numbers and at such distant points, 
is inexplicable, excepting 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 positi\·e facts are opposed to this view, 
and some direct evidence, as well as general considera
tiolls, render i t probabLe. There is also evidence of 

I [ It fl<)ema to me doubtful whether the argument fn:m the n. 
istcllceoffiIBurescanbeprcssed.-T.G. B.) 
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change in form, whether or not from subsidence, on 
some of these coral-islands; and there is e"idence of 
subterrallean disturbances bell(;atb them. Will then 
the theory, to which we have thus been lcd, solve the 
curious problem-what has given to each class of red 
its peculiar form? 

Lct us in imagination place within a subsiding area., 

No. 5. 

AA Outeredt1eofihe~fr.tthelevelolll1ellea. 
BIl. ShoMlofiheisland. 
A'A' Outer edgeo! the~f,after i\l up"'ard gro .. th during a ~riod 

ollublidenoe. 
CC Thelasoon.(:b&nllelbet .. ~nth.rtefand the IhoMi of the no ... 

eneirell!dland. 
B'B' The Ihorel 01 theeneireled i8land. 

N.B. In this.alld Ih following woo<lenl.the lublidenee of the 
I.ndcould onlyooreprcsented by.n .pparenirise in the len'] 01 
the ....... 

fill i!llnnd surroun ded by fL ' fringing-recf '-thlLt kind 
of which the origin alone offers no difficulty. Let ihe 
unbroken lines ill the woodcut (No.5) rel,resent a 
,"ertienl section throngh the land and water; and the 

horizontal shading a,section through the reef. Now, as 
till' j"land sinks down, either a. few feet at a. time or quite 
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inB(lllsibly, wo may infer, from what we know of the 
conditions favourable to the growth of coral, that the 
living masses bathed by the surf on the margin of the 
reef, will soon regain the sm·face. The water, however, 
will encroach little by little on the shore, the island 
becoming lower and smaller, and the space between the 
edge of the reef and the beach proportionally broader. 
A section of the roef and island in this state, after a 
subsidence of se"oral hundred feet, is given by the 
dotted lines: coral-islets arc supposed to have been 
formed on the new reef, and a ship is anchored in 
the lagoon-channel. This seetion is in eyery respect 
that of an encircling barrier-reef, and is, in fact, 
taken E. and W. through the highest point of the 
encircled island of Bolahola,' of which a plan is given 
in Plate I., fig. 5. The same B(lction is more clearly 
shown in the following woodcut (No.6) by the un
broken lines. The width of the reef and its slope 
both on tho outer and inner side, will ha\'e been 
determined by the growing powers of the coral, under 
different conditions, for instance, of the force of the 
breakcrs and currents to which it has been exposed; 
and the lagoon-channel will be deeper or shallower, in 
proportion to tho growth of the delicately branched 
corals within the reef, and to the accumulation of 
sediment; relati\'ely, also, to the rate of subsi-

, Thll section hu been m&de from thllchBngiven in thllAtln 
01 the VOYBgeof the Coquilk. The lI<:ale is'fi7 of Bn inch to a mile. 
Thll height ot the island. B<:cording to M. Lesson, i9 4,026 teet. Tho 
deeped part 01 the lagoon.duo.nnel i8162 feet; ih depth is eng_ 
gerBted in the woodcut for the sake of c!urness. 
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dence and the length of the inten'ening 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 
Ceet as there have been feet of subsidence, that small 
limit of depth at which the effective polypifeu can 
Hve,-the corals baying grown up, as the whole sank 
down, from a basis formed of other corals and their COIl

solidated fragments. Thus the difficulty on this head, 
which berore seemed so great, disappears. 

As the space between tho reef and the subsiding 
shore continued to increase in breadth and depth, and 
as the injurious effects of the sediment and fresh water 
horne down from the land were consequently lessened, 
the greater number of the channels with which the reef 
in its frillging state must haye 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. the breaches will probably have first been 
closed . In barrier-reefs, therefore, the breaches kept 
open bydraining the tidal watersof the lagoon-challllf'I, 
will generally be placed on the leeward side, and they 
will still (ace the mouths of the larger streams, although 
removed beyond the infl.uence of their sediment and 
fresh water ;- antl this, it has been shown, is commonly 
the case. 

Heferring to the following diagram (No. 6), in 
which the newly.formed barrier-reef is represented by 
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unbroken lines, instead of by dots as in the former wood 
cut, let the work of subsidence go Oll, and the doubly
pointed hill will form two small islands included within 
onc annular reef. Let the island continue to subside, 
and the coral-reef will continue growing up on its own 
foundation, whilst the water gains inch by inch on the 
land, until the last and highest pinnacle is oo,-erOO, and 
there remains a perfect atoll. A vertical section of this 

No.6. 

'\.,-.,,::::.'\. I: 

A'A'-Outer edgel of the barrier-reef a~ the lewl of the &ea. The 
~oa·nuttree.rep~ntcoral.i81el8lomleJonthereer. 

ce- ThelILgO(lo·ehannel . 
.8' B'-The 8ho\'esof Ihe ;si&nd. generally formed of [ow alluvial land 

Bndofeort,ldetritusfrornthela.goon.ehannel. 
A"A" The outer edges of thereef,now lornting an atoll. 
C'-The lagoon of the newly.formed atoll. According to the acale 

thedepthofthelagoonandofthelagoon.channeli.nagge'rated. 

atoll is shown in the woodcut by tbe (lotted lines ;-a 
ship is anchored in its lagoon, but islets are not supposed 
yet to have Veen formed on the reef. Thedepth of the 
lagoon and the width nnd slope of the reef, will depend 
on the differeI1t circumstances to which it has been 
exposed, ns just stated with respect to barrier·roofs. 
Any further subsidence will produce no change in the 
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atoll, excellt a diminution in its siz(>, from the reef not 
growing ,"ertically upwards. I may h(>re observe, that 
a bank either of rock or of haniened sediment, level 
with the surface of the sea and fringed with living 
coml, would be immediately comerted hy subsidence 
into IUl atoll, without passing, as in the case of '" reef 
fringing the shore of an island, through the inter
mediate form of s barrier-reeL As before remarked, if 
such a bank !u.ya few fathoms submerged, the simple 
growth of the coral, without the aid of subsidence, would 
produce tl. structure scarcely to be distingu.ished from a 
true atoll; for thecoralson the outer margin, !rom being 
freelyexpose<l to the open sea, would grow \-igorously 
and tend to form n continuous ring, whilst the growth 
of the less massive kinds on the central expanse, would 
be checked by tho sediment formed there, and by that 
washed inwards by the breakers; and as the space be
came shallower, their growth wouJd also be checked by 
the illlllUrities of the water, and probably by the small 
R.mount of food brought to them by the enfeebled cur
rents_ 'fhe subsidence of R. reef based on a bank of this 
kimi, would give depth to the central expanse or lagooll, 
atcelln>:!S8 to the flanks, !lnd through the free growth of 
the coral, symmetry to the whole outline j but, a8 we 
have seen, the larger groups of atolls in the Pacific aud 
lndia.n Ocealls cannot haye been formeli on banks of 
this nature. 

H, instead of an island, as in thedingram, the shore 
of a continent fringed by a reef werl! to subside, a grCllt 
barrier-red like that on the ~"E_ coast of Australia, 
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would be the necessary result j and it would be sepa
rated from tho main land by a deep· water channel, 
broQ,(1 in proportion to the amount of subsidence, and 
to the less or grea.ter inclination of the bed of the sea. 
'l'he elTect of the continued subsidence of a barrier· 
reef, and its probable comersion into a chain of 
separate atolls, will be considered when we discuss the 
llrogrAssi"e disse\·erment of the larger Maldiva. atolls. 

We now are !tble to perceive that the close similarity 
in form, dimensions, structure, and relative position 
between fringing and encircling barrier· reefs, and be

tween these latter reefsand atolls, is the nccessa.ry result 
of the transformation, during subsidence, of the one 
class into the other. On this view, the three closses of 
reefs ought to graduate into ellch other. Beefs having 
an intcrmediate character between those of the fring. 
ing and barrier ('lasses do exist j for instllllce, on the 
S.W. coast of Madagascar, a. reef extends for se,·eral 
miles, within which there is a broad channel from 
7 to 8 fathoms deep, but the sea does not deel>en 
abruptly outsi(io the reef. Such cases, however, are 
open to doubt, for an old fringing. reef which had 
extended itself on a basis of its own formation, would 
hardly be distinguisha.ble from a barrier·reef produced 
by a small amount of subsidence, and with its lagoon. 
channel nearly filled up wi.th sediment during a long 
stationary period. Between barrier· reefs, encircling 
either 0. single lofty island or several small low ones, 
and atolls i.ncluding 0. mere expanse of water, a striking 
series can be shown; and in proof of thi.s, I need only 
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refer to Plate I ., which sllCaks more plainl,}' to the eye, 
than any description to the ear. The authorities from 
which tho figures have been copied, together witb some 
remarks on thcm, are gil'en on a separate page descrip
tive of the plate. At New Caledonia (Plate II., fig, 5) 
the barrier-reefs extend for 150 miles on ellch side of 
the submarine prolongation of tbe island; and at tho 
northern extremity these reefs appear broken up and 
com'erted into a \'Ilst atoll F;upportillg a few low coral
islets. We lllay imagine thaI. we see in New Caledonia 
the effects of subsidence actually ill progrcss,-the 
water always encroaching on the northern end of the 
island, towards which the mountains slope down, and 
the reefs stf'adily building up their massive fabrics ill 
tile Iiue of their allci(!nt growth. 

We hal'e as yet only considered barrier-reefs and 
atolls in their simplest form; but there rema.in some 
peculiarities in ~tructllre Ilnd some special cases, which 
were described in the two firstciLapters, to be accounted 
for by our thoor:r. 1'hese consist, firstly, in the presence 
of all inclined ledge terminated by a wall, and some
times succeeded by a second ledge with" wall, round 
the shores of certain lagoons and lagoon-channels; for 
this structure cannot be explained by the mere growth 
of the corsls;-secondly, in the ring or basin-like form 
of the ccntralalld circumrerential reefs of the northern 
MaJdiv" atolls, thirdly, in the disse\'ermcnt of some 
of the MnldivIL atolls,-fourthly, in the existence of 
irregularly formed atolls, some tied together by linear 
reef .. , and others with sllUrs projecting from them,_ 
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fifthly, ill the submel'ged condition of the whole, or of 
parts of certain barrier and atoll.formed reefs, and 
in the submerged parts being gcncmlly to leewarcl,
and, lastly, in the structure and origin of the Great 
Chllgos bank. 

StepJormed ledges TOI/lid cer/aiJ, la!1oons.-lf we 

suppose an atoll to subside at an extremely slow rate, 
the living corals would grow up on the outer margin 
and on the deeper parts of the bare and hard surface 
of the annular reef. Detritus would soon accumulate 
and become agglomerated on this surface, after a time 
forming islets. Conscquently the whole atoll before long 
would recover its former structure and appearance. If, 
however, an atoll wcrc to subside somewhat suddenly 
to the depth of a few fathoms, the whole annular reef, 
consisting of solid rock, would constitute an excellent 
basis for the attachment and subsequentupwn.rdgrowth 
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 I; consequently the new annular reef would be 
separated from the new lagoon by an abrupt edge or 
wall. As the corals would grow upwards much morfl 
yigorouslyon the onter sido, and more detritus would 
be IWcuffinlated there, the surface of the Ilew annular 
reef wonld slope gently inwards . Henw thc summit 
of the new annular reef on the inner side would pro
bably never rise ahO\·e the lHel of the lIew lag:oon, 
and in this case would be covered with sand. If now 

I lThis would seem ])Ouibleineertsincase"thQul!hob\"iou81ythe 
poililion would 00 an uufavourubleone. Set Appendix 11.1 
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a second and somewhat sudden subsidence were to 
occur, the same results would follow as during the 
pnn·ious and similar subsidi.ng movement. Conse
quently the new lagoon would be surrounded by two 
inwal·dly sloping ledges. which ODce existcd as the 
summits of two successive annular reefs, both termi
nated on the inner side by vcrlieal walls or cliffs. I 

The rill!l or basin·formed ·ruj"s of the 1wrthem 
M"u/im alolls.-l must first obsen·e that small reefs 
within large lagoons or within broad lagoon-channels. 
would grow up during subsidence; and therefore such 
reefs would IIOllletimes be found rising abruptly from 
a greater depth thnn that at which the !'IIicient poly
Ilifers can flourish. We see this well exemplified in 
tlle small abruptly-sided reefs with which the deep 
lagoons of the Chngos nnd Southern Mttldiva atolls are 
litt;dded. With respect to the rillg or busin-formed reefs 
of the Xorthem Maldim atolls (see I l late 11., fig . 4), 
it is cl'ident 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 such a reer; it i.s 

I Aocording to Mr. Coulhouy (p. i6) Ibe UI'"<41 .lope round 
m.nYI\.l)llldelCend.bYI.u~uionoltedseaOl"ter~ .. He 
.twm]lu.but l doubtwhetherluceeulully,loexpllinlhilslructu,"" 
fI()!UewhA.1 in the .ame manner I. I h.,·e I\tt~mp\ed, ... ·ilh real'OOI \.I) 

Iheinternalledguloundthelagoonlofcertainatolli. MOl1Oflict. 
111O .. anledreglrdinstbenatureoothoftheinieriorlndexierior 
llep-like l~ Are.ll the ledgN. or only the upper on..., oovered 
... ·;tllth·;nsco ... l? If Ihey 1110 all .0 covered, do the _peei ... differ 
on the dilferentlede:es? Doledguoc<:uroniheino.idelndou~ide 
round Ihe lime atoU.!.t1:. [Some further inlonnation on til;' lub
joclbuheenoblainedbYI"OOeulinvelIligllionl. See Appendix 11.] 
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aha evident that the · central rings, although uroadf'T 
than the lmolls or reefs which commonly occur within 
lagoons, occupy the same relative position. The ring. 
like structure has \.Jeen shown to \.Je contingent on 
the ureru:hes into the lagoon being wide ancillumerous, 
thus causing the inner side of the marginal reef and 
the central reefs to be placed under nearly the same 
conditions with the outside of all 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 uSllal breadth; 
and the conditions have likewise been favourable for 
their growing vigorously upwards, during that subsi· 
ding movement to which by our theory the whole 
archipel!tgo has been subjected; and subsidence toge· 
ther with thc upward growth of the margin would 
convert the central space of each little roof into a 
small lagoon. This, however, cOllld only take place 
with reefs which had increased in breadth sufficiently 
to prevent their central spaces from being almost im· 
me.jjately filled up with the sanel and detritus driven 
inwards by the waves {rom all sides. We can thus 
llllderstnnd how it is that few reefs less than half 
a mile in diameter, even in the atolls where perfect 
ring-formed roofs are found , include lagoons. This 
remark, 1 may add, applies to all coral· formations. 
rl"be basin-formed reels of the Maldi\'a. Archipelago 
may, in fact, be briefly dcscribed as small atolls 
formed during subsidence over separate portiolls of a. 
la.rge and broken atoll, in the same manner as the 
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latter was originally formed over a red encircling one 
or more mountainous islands. 

'1'IIe diun:umt'nt of the l(fryer .lTaldim atolls.

The apparent progressive disscverment of large atolls 
into sml,lIer ones in the Maldivo. Archipelago, demands 
an explanation. Tho grndall.ted series which marks, 
II.!I I believe, this proceS.!!, can be olJscn'ed only in the 
northern hnJ f of the group, whe"e the atolls have im. 
perfect margins consisting of detached bl\8in-formed 
reefs. The currents ot the sea flow across these atolls 
with considerable foree, as 1 am informed by Captain 
Moresby, and drift the sediment from side 1.0 side 
during the monsoons, transporting much of it seaward; 
.... et the currents aweep with grooter force round their 
flanks . It is hisl.orically known that these atolls have 
long existed in their present stnte; it is intelligible 
that they might thus remain, even dur ing n. slow sub. 
sidence, owing to the continued growth of the corals, 
and to the lagoon being kept at nearly its original depth 
by the accumulation of sediment. But during the 
action of such nicely balanced forces, it would be strange 
if the currents of the sea had ne,'er made a direc! 
Ill\.Ssage across some of these atolls, through the many 
wide breaches in their margins. As soon as this oc

curred the clUl.Imels would be deepened by the rcmoml 
of the finer sediment, and by the check to its further 
accumulation. '1'ho sides also ot the channels would 
soon be worn into a slope like that on the outer collo816, 
from being exposed to the same force of the currents. 
In tact, a. channel like that bifurcatillg one which 
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divides Mahlos Mahdoo (Plate 11., fig .. 1) would almost 
necessarily be formed. Tho scattered reefs situated 
near the borders of the new channel, from being favour
ably placed for ~he growth of coral, would, by their 
extension, tend to produce fresh margins to tho dis
severed portions: and a tendency of this kind is evident 
in the elongalnd reefs which border the two channels 
intersecting Mahlas Mahdoo. Such channels would 
oocome deeper with continued subsidence, and, from 
the reefs on both sides not growing up perpendicularly, 
somewhat broader. In this case, and more especially 
if the channels had been originally formed of consider
able breadth, the dissc\'ered portions would soon be· 
come perfect and distinct atolls like Ari and Ross atolls 
(Plate II., fig. 6), or like the two Nillandoo atolls, whieh 
must he considered as distinct, although plainly rclated 
to ea.cll other ill form and position, and separated only 
by modemtely dcep channels. Further subsidence 
would render such channels unfathomable, and the 
disse\-ered portions would then resemble l>llll.leedoo and 
Moluque atolls, or hlahlos lIIahdOOilnd Horsburghatolls 
(Plate II ., fig_ 4), which are related to each other ollly 
in proximity and position. Hence, on the theory of 
subsidence, the disseverment of large atolls which are 
exposed to strong currents and which have impcrfeet 
margins (for otherwise their disseverment would he 
scarcely possible) is far from being an improbable 
eyent; and the seyeral stages, from a close connection 
to the entire isolation of some of the atolls in the 
Maldh'a Archipelago, are readily explicable. 
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It is eyen probable that the Maldiva Archipelago 
originally existefl as a barrier-I'cef of nearly the same 
dimensions as that of New Caledonia. (Plate If, fig, 5): 

for if we complete in imagination the subsidence of 
this grea.t island, we may infer Crom the broken condi
tion of the northern portion of the reef, and from the 
almost eutire absence of reefs on the eastern coast, that 
the present barrier, after repcated subsidences, would 
become, during its subsequent upward growth, scparated 
into distinct portiolls; and these portions would tend 
to assume an atoll-like structure, owi.ng to the corals 
growing with vigour where freely exposed to the open 
sea, As some large islands have subsided to a certain 
amountall(\ arc partly encircled by barder-reefs, so our 
theory makes it probable that there should be other 
large islands wholly submerged; and these, as wc can 
now soo, would be snrmounted, not by one enormous 
atoll, but by [,(j\'cra) large ones like the atolls of the 
)[aldiv8. group; and these again, during long periods 
ofsubsidence, would sometimes become dissevered into 
smaller ones. In the Marshall and Caroline Archipela_ 
goes, there Ilre atolls standing close together which 
have an evident relationship in form; and we may 
suppose that either two or more encircled islands ori
ginally stood close together and afforded bascs for two 
or more af.QUs, or that olle large atoll has been dis-
66\'erC(1. But from the ]>Osition as well as the forms of 
~hroo atolls in the Caroline Archipela.go (the Namourrek 
and Elato groups), wbich are placed ill an irrcgular 
circle, I urn strongly inclincd to believe that they owe 

© The Complete Work of Charles Darwin Online 



146 THEORY 0:..- TIn; FOIl:\[ATION CII. V. 

their origin to the diSSC\'crment of a single large 
atoll.' 

[rre[luiarly-/ol'me(l A/oil8.-In the Marshall group, 
Musquillo aloll consists of two loops united by a. single 
point; and lIencbicoff atoll is formed of three loops, 
two of which (as Illay be seen in fig. S, Plate II.) are 
connected by a mere ribbon-shaped reef; the three 
together being 60 miles in longth. In tho Gilbertgroup 
somo of Uw o.t0l18 have narrow reefl! like spurs, pro
jecting from them. Lineal' and straight, 01' crescent
formed reefs with their extremities more or less curled 
inwards, may sometimes be found standing by them
selves in the open ocean . All these irreguhr forms 
woul(1 naturally follow from continued subsidence, 
combined with the upward growth of reefs frontillg 
ono side alone of a high island, the rtlefs on the op
posite si(1e hayillg perished or never having existed . 

Submerged allel Duul Rufs.-In the second sectioll 
of the first chapter, I hnve sbo,m that there some
times exist in the neighbourhood of ntoll" deeply 
submerged banks with level surfaces; thnt there are 
others, loss deeply bnt yet wholly submerged, havillg 
all the characters of a perfect atoll, but consistiIlg 

, Thllsamllremarki •. perhap:t.allPHcabletoth.illand,ofOnap, 
Fanadik, and Tamatam in the Caroline Arehipelago. of which chari' 
aregi"lIninthlla\la.of Durerrey' ... oy.;alinedra'II'D through 
1b{llinearl1'el.andlagoonlolthne,hreeialand.formaaeroicirere. 
Conlul~ allO the atl" of LUlU', voyage; and for the Mar,hall gro"p 
that of Kot~llbue; for the GilberigroUIl ("'1,ich i. referred to in the 
enluing p8f8graphj c(ml ult the Mluof DU]l(l rr"y'lvoyIge. Most 01 
the poinll here referred to mlly. ilowe\"er, be tecn in Kruaenltern' l 
general Atlaaolthe Pacific. 
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merely of dcad coral-rock; that there Ilre barrier-reefs 
nnd atolls with only a portiou of the reef, generally on 
the leeward side, submerged; nnd that such portions 
either retain their perfect outline, or appear to be 
more or less complete1y effaced, their former place 
being marked ouly by A. bank, conforming in general 
outline with that part of the reef which remains 
perfect. These scveml cases are, 1 believe, intimately 
related, and can all be explained by the same agency 
ofsubsidcllce. 

We see that in those parts of the ocean where 
coral-reefs nrc ruost abundant, onc island is fringed 
and nnother neighbouring one is not fringed, amI that 
in the same archipelago, all the reefs are more perfect 
in one part than in another,-for instance, in the 
southern compared with the northern half of the 
Maldiva Archipelago, and iikewiRe on the outer as 
compared with the inner coasts of the double row of 
atolls in this same Ilrchi l>c]ago. '1'he existence of the 
innumerable polypifers forming (L reef depends on 
their finding sustenance, and we know that they are 
)lreyed on by other organic beings, and that some 
inorganic causcs arc highly injurious to their growth. 
Can it, therefore, be eXI>eeted that the reef-building 
polypifers should keep alivc for perpetuity in anyone 
place, during the round of change to which earth, 
air, and water are subjected; a.nd still less can this 
be expected during progressive subsidence, to which 
byour theory thcse reefs and isiancis hn,vc been liable? 
Should sucb subsidence be at any time greater than 
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the rate of llpwfI,rd growth of the polypifers, the death 
of the [(lee must ensue, and it would have been strange 
had we fountl no evidence of this. It is, then, not 
at all improbable that the corals should sometimes 
perish either on the whole or on part of a reef. 
If only 011 a part, the dead portion, after a small 
amount of subsidence, would still retain its proper 
outlille and position beneath the water. After a morc 
prolonged subsidence, i~ would form, owing to the 
accumulation of sediment, a more or less IIn'ol bank 
marking the limits of the former lagoon . Such dead 
portions of !~ reef would generally lie all the leeward 
side, I for the imllUre water and fine sediment are 
driven out from the lagoon over this side of the reef, 
where the force of the breakers is less than to wind
ward, and where the corals are, in consequence, less 
vigorous and less able to resist any destroying agency. 
It is owing to this same cause that reefs fire fre_ 
quently breached to leeward by channels which serve 

'SirC. Lyell. in the first edition of hia Prineil'les of Geology, 
offered a somewhat dif(erellt~xplanlltion of thisstruc\ure. lie BUp_ 

poseslhattheroluI.SOOcnsubsi(lence; but he was Ilotawaro Ihat the 
submerged perticns of reel were in moat clIscs,if IlQtinall,dead; 
and he atiribuwBthe difference in height in the two sidcs cl mOilt 
atolls chi~lly to the guat~r aooumulation of d~tritus to windward 
than to leew.r~ . But as matter is accumulated enlyon the back_ 
"'am part Qf the reel, the front part would umain of the llame 
height on both sides. 1 mayheu obsen-e that in most cases (lor 
instance at Peros BBnhos, the Gambier group and the Guat Chag<Yil 
bank).amllsuspootin all cues, the dead and submerged portions 
do no~ blend or slope into the Ii"ing snd perfect I,. rta, but Bre llepa. 
rated fronllhcm byRllllbruptlille. InlOll1eill8tanccaBmallpllt(lhes 
of living rccf rise W tho surface froUl the lniddlo of the Bubmerged 
lind dearl 1'll1'tS. 
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liS ship-chllnnels. If the corals perished entirely, or 
on the greater part of the circumference of an atoll, 
the result would be an atoll·shaped bank of dead. 
rock more or less entirely submerged; and further 
subsidence, together with the accumulation of sedi
ment, would obliterate its atoll-like structure, and 
Icave only a ba.nk with a nearly le\'el surface. 

We meet with all these cases in tbe Cbagos group 
of atolls. lIcre within an area of 160 miles by 60, 
there are two atoll·formcd banks of dead rook (besides 
Mother very imperfect one) entircly submerged; a 
third bank with merely two or three small pieces of 
living: reef which rise to the surface; and 1\ Comth, 
!lamely, Peros 13anhos (Plttte 1. fig. 9), with a por
tion nine miles in length dead Ilnd submerged . As 
by ollr theory this area has subsided, and as there is 
nothing improbable in the death of the corals on por
tions or over the whole surface of Ii reef, eith'er from 
changes in the state of the surrounding sea or from the 
subsidence being great or sud(len, these Chagos banks 
llreecntnodifficulty. So far ,indeed, arc any of the above
mentioned cases of dead submerged reers from offering 
any difficulty, that their occurrence might have been 
anticipated on our thoory; and as fresh atolls are sup
posed to be in progressive formation by the sub
sidence of encircling barrier-rcefs, a. weighty ob
jection might even have been raised, namely that 
atolls must increase indelinitely in number, unlel;8 
proofs of their occasional destruction cOllld have been 
adduced. 
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'l'he Grer/t Cha9Q8 Bank.'-I have alre(u)y shown 
that the submerged condition of the Grent Chagos 
bank (Plale II. fig. 1, with its scetion, fig, 2), and of 
some other banks in the Chagos group, may in all pro
bability be aUributw to the corals having perished 
during an uflusuallyrapidor sudden subsidence. The 
external rim or upper ledge (shaded in the chart) COil

I;ists of dea.d coral·rook thinly covcred with sand; it 
lies at nn averagc depth of between 5 am) 8 ffl.thoms, 
and perfectl)' reS(lmbles in form the annular reef of an 
atoll. 'l'he banks of the second level, the boundaries 
of which !~re marked by dotted lincs in the chMt, lie 
from abotlt 15 to 20 fathoms bencath the surface; 
they are several miles in breadth, and terminate in 
a very steep slope round the central expanse. This 
central expnnBe consists of a level muddy flat between 
30 and 40 fathoms deep. The banks of the second 
loyel appear at fU'st sight to resemble tho internal step. 
like ledges of d&l\d coral-rook which border tho lagoons 
of certain Illolls, but their much greater width, and 
their being formed of sand, are points of essential dif. 
ference. On the eastern side of the awll some of the 
banks are linclH' and parallel, likc islets in a great rl\'er, 
and they point directly towards a. great breach on the 
opposite side of the atoll: these nrc best seen in the 
large published chart. I inferred Crom this circum
stance, that strong currents sometimes set (lirectiy 
across tbis great bank; and 1 hear from Ca.ptain Moresby 
tha.t this is the ease, I observed,also, that the channels, 

, ~See Appcudbt I1. J 
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or oreaches through the rim, were all oCthe same depth 
as the central expanse into which they lead j whereas 
the channels into the other atolls of the Chagos group, 
and as 1 believe into most other Inrge atolls, are not 
nearly as deep a~ the lagoons. For instance at Peros 
Banllos, the channels as weU as the oottomof the lagoon 
for a sllace aoout a mile and a-half round its shores, are 
only between 10 and 20 fathoms in depth, whilst the 
central expanse is from 95 to 40 fathoms deep. Now, 
if an atoll during a. gradual subsidence once became 
('ntirely submerged like the Great Chagos bank, and 
therefore no longer exposed to the surf, very little 
sediment coul(! any longer be formed from it j conse
cplCntly the channels leading into the lagoon would be 
no lougcr filled up with drifted sand and coral detritus, 
and would continue increasing in depth, as the whole 
MIlk down. In this case we might expect that the 
currents of the open sea, instead of sweeping as at 
fir .. t round the submarine flanks, would, as the many 
breac.hes in the reef increased, flow directly across 
the lagoon, thus removing the finer sediment from 
the channels, and preventing its fuether accum wation. 
The submerged roof would thus ultimately coullisto! a.n 
upper and narrow broken rim of rock, surrounded on 
the inner side by banks, the remnants of the 8IUldy 
bed of the old lagoon, now intersected by many deep 
channels; these channels, with theil' sides worn steep by 
the OOOIl.niccurrents, uniting in the centro aud forming 
th e central deep expanse. By such means the Great 
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Cba-gos bank-the most anomalous structure which I 
have met with-appears to have originated. 

If thiE! bank should continue to subside, a mere 
wreck of an atoll would be left; for the corals are 
almost everywhere dead. Pitt's bank, situated not far 
southward, appears to be in this actual condition : it 
consists of a. moderately le\'el, oblong bank of sand, 
lying from 10 to 20 fathoms benea.th the surface, with 
two sides protected by a nn.rrow ledge of rock submerged 
between 5 and 8 fathoms. A little to the south of this 
ledge, at about the same distance as tbe southern rim of 
the Great Cbagos bank lies from the northern rim, there 
are two other small banks with from 10 to 20 fathoms 
on them; and not far eastward, soundings were struck 
on a. BaIuly 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 Cbagos bank between two of the deep. water 
channels, and thescaUcred banks southward and east
ward appear to be the last wreck of the less perfeet 
portions of one great and now ruined atoll, 

I have examined with care the charts of the Indian 
and Pacific Oceans, antI have now laid before the reader 
all the cascs which I hlL\'e met with, of reefs differing 
from the class to which they belong; and] think it has 
been shown that they are all included in our theory, 
modified by occasional accidents, such lUI might have 
been anticipated . We have thus soon, that in the lapse 
of ages encircling barrier-reefs are converted into atol\s, 
-the term atoll being applicable as soon as the last 
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pinnacle of encircled land sinks beneath the surface of 
the sea, Wa have seen that la.rgeatolls, during the pro
!:ressive subsidence of the areas in which they stand, 
sometimes Oecomedisse\'eroo into smaller ones. At other 
times, when the reef-building polypifers perish, atolls 
areeon\'(~rted into atoll-formoo bankeof dead rock; and 
thcse agfdn, through further subtiidellea and tbe accu
mulation of sedimcnt, pass into le\'cl banks with scarcely 
allydistinguishingcbafllcter. TlluslUay the historyof an 
atoll be followed from its birth, through theoceasional RC

cidents of its existence, to itsdeatiland finalobliieration . 
Objection. to our theory oj the jQrllwliQIt of Atolls 

(lml Burrier-rujl.-The vast 1\1Il0unt of subsidence 
both in arca and depth, ncccssary to have submerged 
every mountain, even the highest, throughOllt the 
immense spllees of oceun now interspersed with atolls, 
will probably strike most perSOlls us 1\ formidable objec
tion to the theory. But £LS continents, as large as the 
spaces sUPl>osed to Imve subsided, have been raised 
above the Je\'el of the sea.,-as whole regions are now 
rising, for instance, in Scandinn.viaand South America, 
-and l\S no reason can be assigned why Bubsidence 
Bhould not have occurred in some parts of the earth's 
crUBt on as great a scale aselemtion, thiBobjeetioIl has 
little force . The remarkable point is, that a subsiding 
mo'-emcnt to Buch an extent and ft.mOlmt should ha\'e 
taken lliace within a period. during which the corals 
have continued to add matter to thc SIlmc reefs. An
other and less ob"ioull objeetion to the theory may 
perhaps beadmneed, namely, that, althoul:h atolls and 
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barrier-reefs are supposed to ha\-e gone on subsiding 
for a long period, yet that their lagoons 8.ml lagoon
channels have only rarely come to exceed 40 and 
never GO fathoms in depth. But if our theory is worth 
consideration, we already admit that tho rato of sub
sidence has not ordinarily exceeded that of the upward 
growth of the massive corals which live on the margins 
of the recfs, 80 that we ha.ve only further to suppose 
that the rate 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 barricr-reefs lying far from the land, and of the larger 
atolls, must be au extrcmely slow one, we are led to 
conclude that the subsiding movcment has always been 
equally slow. And this conclusion accords well with 
what is known of the rate of recent movements of 
elevation. 

It has, I think, been shown in this chaptcr, that 
subsidence explains both the normal structure 8.nd 
the less rcgular forms of those two great classes of 
reefs which have justly excited the astonishment of aIL 
thellaturalists who haw.l sailed through the Pacific and 
Indian Oceans. The necessity, also, that a foundation 
should ha\'e existed at the proper depth for the growth 
of the ('orals over certain large areas, almost wmpels 
us to accept this theory. But further to test its trutll, 
a crowd of questions may be asked. Do the different 
kinds of reefs which have been produced by tho 
same kind of movement, generally lie within the 
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same or closely adjoining arens? How arc such reefs ' 
related to ench other in form and positioll,-for 
instance, do neighbouring groups of atolls, and the 
separate atolls in eneh group, bear the same relation 
to each other 8S do ordinary islands? Although coral
noefs which have just Ix>gun to re-grow, arter haloing 
been killed hy too rapid II. suhflidence, would at first 
belong to the fringing el8"s, yet, as a general rule, 
reefs of this class indicate that the land bas either 
long remained at a stalionnr:r \c\-cl, or has been up
raised, Of n. stationary len'l it is hardlr possible 
to find any evidence except or n. negati,'e kind; but 
of recent elevation, upraisr}d marine remains afford 
a sure )woof: it may thm'eCore be asked, do fringed 
coast!i often afford stich evidence? Do the areas 
whidl have subsided, lUI shown bj' the presence of 
o.tolls and barrier- I'cds, and tile areas which ha,'e 
either remained stationary or hal'e been UIJraised, 
fiS indicated by fringing-reefs, bellr any determinate 
relation to each other? III there allY rclation between 
the areas of recent suusidcnC6 or demtion, and the 
presence of active volcanic ycnts? These se"eral 
(Iuestions will be considcred in the following chapter. I 

I I m&y,--kelhi. GpllOrtunityof brieftyconBidering the .ppear . 
• nee ... hi~h ... ould I'rob.bl,. be l'.--ntM b,. • "ertica.1 .nd d/!l'p 
_lion IICI'OM. coral fonn.tion {referring chil'Oy n an .\.(11) formed 
b,.:h~up .... rdgro.'lholcoraldurinll .ueoeui.elUb&.id&_ Th;lJ 
;". •• ubjecl ... orth,. of aUenlion, U .. Olean. 01 com...,uon ... ith 
IOcient e<>r.J "rata, The eireumterenlial l>arta .·ould oonBiBI of 
m .... i ••• .-ietin.'·ertica.llIO'ilion .... ilhlheirinte .. titflllfill .... llp 
withdelrilu.;bullhilW()uldbelhel .. rtmol".ubjectlo.ub&equent 
denud.tion and remo,'Il. It i. u..,I ... 1o .peculal& howtarge .. 
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rroportionollhenterior.nnul .. rreefwouldeonliatofuprighteor .. I, 
.nd ho .. muehol fragmentary rook, for thi ... ould depend on many 
eontingencie.,-·Boch .. ontherlteol,ob8iden~oec .. ion.lly.llow. 
ing. lretih growth 01 eor~1 to co,'er the whole 11 .. 1.00, Il.nd on the 
bre.k~n h.ving for~ .ultleient to throw fraement, over thi' ume 
,pace. 'rh" eoll8lomerate which composet the bate 01 the i,l"'I, 
.. ould(ifnolremovedbydenud .. tion~therwilhlheesteriorreel 
on .. hich it _) lie conlpicv.oul from the ,i1e 01 the .ragmeota.
Ihedi«eA!otd~in .. hichtheyhuebeenrounded,-thepresence 
01 fragmenlll of O(loglom~ .. te torn up rounded.ndre·oemented,
and from Ih" oblique .t .. lilk.lion. Theeoral.whiehlivedinlhe 
i .. goon. reef ... t e .. ch .ucc.,...h·e I""el, ... ·ould lie preH.r~ed upright, 
.nd Ihey "o'(mld eon.in of m .. ny kinds, ~ne .. lly muoh b .. nched. 
In Ihi~ part, however, a very large proportion of the rook, .nd in 
II(Ime callel nearly all of ii, would lie formed 01 ledimenlary malleT, 
lleing in au ueeoBively fine or Iliodenltelyco&rse lt&te, with the par. 
Ild. aim'""'t blended ~ther. 'rhe oonglome .. te .. hleh .... formed 
ofTOlllldedpl_olthebnlllchedeo .. l,olllhe.hornolthelagoon, 
.. ould diller from Ibat formed on the illeu and deri"ed from tb~ 
oute'CO&IOI; .lthough both might han' been aocumul .. ted,·eryn .... 
etleh other. The Itrt.tific.tion. uken ..... hole. "'ould lie hori . 
• 0nt.l: but th"congiomenltoe bedarestingonthenleriorreel,anli 
lhe hedlof ~ndatolleon the thorP-lof thellllloon .. ndonthen. 
temaillanu of the reef, would l'robablybe divided/II .. tKeeling 
atoll .. nd BI.\lauritiuI) bynumerouB layendil)l'ing.teonllide .. ble 
Ingl.,.inl\ilftrenldi~tion •. Thec .. lcareou .... nllltone.ndeo .. 1 
rock would almost n<!CMI<Arily eonuin innumerable Bh~ll. , ecbioi. 
Bod the bonM of lUh,tnrtle.and perbapll of bin:iJ: pohibly,.I.50. 
tbe bonu of mall ... uri.IUI, ... th""" anim .. 11 find I\leir w .. y to 
.. land. fa r remot" from any continent. Th"II~lhell.of.50me 

lpeociet of TridAcna wonld be found "ertically imhed,lod in the wl id 
rook , in the poailion in which they Ih·ed. We might upeet,o.\so, 
to find 11 mi.ture of the remain. 01 peh.gic Ind lilloral animal6 in 
Ihe Itnltl fonned in the lagoon. for pumice.nd theaeed. 01 plants 
arell.Ot.tedfromdi51&1lICOUnlrie. inlO the l.agoonl 01 manyatoU,; 
on Iheouter ooauof Keelill6atoUne.rthemoolhof IheIt.gOOn,lhe 
.hfll of .. pelagic Pteropodon.anim.l .... brought up on Ihe.rmill8 
01 tbe lOUodi"8'Je.,d. All the 100M blockl 01 conll on Keeling .to1\ 
were burrowed by "ermiform anim .. I.; .. lid ... e~ery ""'ily, no doubt, 
ullimaWybeoome. tllledwllh Ipllhose limettone,.labo of the rook 
would, if polished, problblyexhibit Iheuca'·.lionl of luch burro,," 
ing .. nimall. Tbeoonglomenlt.ellnd fine.gr.illedbod. of corll .roc k 
would be hard, II(IDoroul,wbile, Il.nd compoeed of nCt.llypure cal. 
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UreoUI m .. lter; in ",me fe .... part., ju']ging from the lpecimens at 
Keeling atoll. Ihey would prohblyoon\.aina l mallquanlityotiron. 
I hava aeen .. oongJomtr .. Unow forming On Ihe ,horel of Ihe MaJ_ 
diva .. uU •• re.embling oonglomuate Jimtlltone from Devon,hire. 
Floatinll pumice and .rori., and ooouionallylionea lransported in 
th' roota 01 t,,- (_ my N .. turali.,·, \'oyage. p. <461) appear the 
onlyllOUl'OIIlhroughwhieh foreign m"l~ril broughttocoral.for_ 
mationl '\.andi", in ,he open ooean. The .. rea oyer whieh sediment 
m tn .... ported from coral-reef. mun be oolllliderable; Captain 
Mo .... by inform. me that durinS the ch.nge of mon_nl, the sea 
i.di!lCOloured to a conaiderabl,di.tance 011 the llaldiv •• ndChagos 
.toU,. The Ioediment 011 fringing .nd berrier cor.l·reef. must be 
mingled wilh Ihe mud which i, brought down from the land •• nd i. 
tran~ported ..e ... ard through the breach". ... hich occur in front of 
.. lmOlltevery,·alley. II thehed of l/.eoceRnwere to beullraised 
.ndconvertedintol .. nd.lhe.tollloflheJargerarchipelagOOil..-ould 
form HIlI.topped mountain" varying in di.mclI'r from a few to .iIty 
milell--Iorth",m.lle.t .tolll would llrobBbly be worn quite ...... y; 
and from being hori~onlally IIratifled and of .imil •• COtnposilion. 
[he, would, al Sir C. Lyell b .. rem.rked, f.llIel, .ppe.r 108 il Ihey 
had origin.Uy been united into one v." oontinuoul m.9II. Such 
~.I I'ut. of ooral·rock .... ould ranI, be _iated .. ith erupted 
,·olea.nic malter,for Ihi, oould onlyt.ke ])Iaee, ... m.ybe inlerred 
from what follows in \heneJlchaptor. wben Ibe.reainwhicbtbey 
were .itu.ted, commenoed to rise. or al lea., oeued to subside. 
During\beenormou . periodn~.,toeflectanelevalionoflbe 
I;indjual Rlludod w,lhe.urf..,., .... ould nooe ... rily be gre.tly de· 
nudNl.; h~nce il i, highly imllrob.ble Ihatany fringing·reef, or even 
&Ilyb.rrier.reef,RIJe .. tlhoaeenciroling.rnRlJislandl .... ouldbe 
prese,,'oo 10. di,tanl period . • 'rom Ihi, .. me C.U""", tbe Btrata. 
,,·bieb ... e"'formoo .... ilhinthel~n.ofalolliandthe lagoon _ 

chl!nnel.01 ben-ier.r-eefl •• nd .... bicb mu.tO)Onaiatinalargepartof 
Hdimentarym.tur ..... ould more of leo be I'fe&en'ed to future ages. 
tlan Ihe exterior lOiid reef OOIUpooioed of 10"""',, coral. in an upright 
poailion;allboughililon thil exteriorpArtlbalthellre5eOIUi",. 
eoeeandfurtbergro .. thofIIoUl andbarrier·reetidepend. 
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CHAPTER VI. 

0'; TlIE D1STRmUTION OF CORAL-RELFS WITH RlcFERENCE 

TO TlIE TUEOIl \" OF TIH:m FOIl)IATIOS_ 

Ducripiion oj lhe coloured "",,p-Prwi ... iI,I oj atolu (ilia oomer_ 
JWJ' -Rd .. liotti .. J_aMJK»itw..()Jatoll'lrithcwdi .... ...,i,Ia..a.. 
-Direct ecidns« oj .ubridtttce difficuU Ie /). ikkcltd-ProoJ' oj 
_, deoolw.. I6lwrf /riltlfouJ"ruJ' occur-()gi'/(Ilio .... oj lenl 
-A'->I«oJ a.:tiN t"Olca_ i .. the .. 1'"f!(U oj ... ilIidellC<l-I",meoi" 
tit,l oj lhe area.81Chie1l. hac. bu."tltoottdll"dhaV<llUbfide.d
Their re/(llioll Ie the prun.t di.ltri.bution oj the latld-Area.8 oj 
,I'btitknu dmu;aled-Their inttrue/ion lind IIltenta/ion with 
lhole oj tkootio .. -A._"t, lIoW slow rllU ()J tlu rlquUiu 1U1.>
.idenu-Rccapitu/(ltion. 

IT will be convenient first to gi,"e a. short account of 
the appended map of the Pacific and Indian Oceans 
(Plate III.); a. fuller one, with the data for colouring 
ench spot, is resen'e<l for the Appendix, and every 
pla.ce there referred to Illay be found in the Index . 
A larger chart would have been desirnhle; hut, small 
liS the adjoined one is, it is the result of mnny months' 
labour. I hM-e consu1ted, as lar as I was able, e'"ery 
original voyage and mnp; and the colours werc first 
lai(l down on charts on n. large scnle. 'rhe same blue 
colour, with merely n difference in the tint, is used 
for atolls or lagoon-islands, and lor harrier-reels; 
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these being in all essential respccts closely related. 
}~rillging.roors, on the other hand, have been coloured 
dull red, for there is an important distinction betwoon 
them and harrier-reefs and atolls with respect to the 
depth beneath the surface, at which, as wemust believe, 
their foundations lie. The two distinct colours, there. 
fore, mark two great types of structure. 

'l'he ({ork blue c%llr represents nt01ls and sub
merged annular reefs with deep wafer in their centres. 
I have coloured a. few low and sll1all coral-islands 
I\S if they had been atolls, although not induding a. 
lagoon j but this has heen done only whell it clearly 
all])CIl.red that they had originally contained one. 
When no such evidence exists they have been left 
uncoloured. 

'l'he pole blue f"olo/Ir represents barrier-reefs. The 
most obvious cilameter of reefs of this class is the 
broad and deep-water moat within the reef j but tills, 
like the lllgoon of a small atoll, is lhlble to become 
filled up with detritus and with reefs of delicately
branched corals. When, therefore, a. roo! round the 
entire circumference of an island extends far into a 
Ilrofoundly deep sea, so that it elm hardly be con. 
founded with a fringing. reef which must rest on a 
foundation of rock within a smull depth, it has been 
tolourcd llfllc blue, although it docs not now include 
l\ deep-water moat. But this has been rarely done, 
and tach CILSC ill distinctly mentioned in the Appendix. 

The red oolour represents reefs which fringe the 
land closely where the sea is deep, and extend to 
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a modcrate distance from it where the bottom is 
gently inclined j bltt they nc,cr includc a. deep.waler 
moat or lagoon-like channel running parallel to the 
shore. It must, however, be ~emembere.:l that 
fringing-reefs are frequently breae/ltd by deep-water 
channels, wh"re mud has been deposited in !i'ont of 
rivers and valleys_ 

In nil cases, a. spnce of SO miles in width has 
been coloured rowld or in front of the reds of eaeh 
class, in order that the colours might be made con
Sllicuous in a. map on so small a scnle. 

The t·trmi!ioll spots alld .trtakf represent '01-

canos now in action, or historically known to ha,e 
been so. They are laid down chiefly from Yon Bucb's 
work on the Canary Islands j and my reasons (or 
making a few alterations arc gi,en in tho note below. I 

' 1 h.,·e .1110 ma.de conS;llerable U86 of the goologic.1 part of 
llerghl\uI' PhYlie.1 Ada,. Beginning Ilt ~he e .. tern .ide of ~he 
1'llCiflc. 1 have .dlled to the number of~he ,·olc.11(11 in the southern 
part of Ihe Cordillera, .nd h.n'~ coloured Ju.n F~rn.11de ... according 
10 obleruliona eollected during Ihe wY"it of Ihe /k(lglt (Geo!. 
Tran ..... ol.\'.II.OO). Ih ... e added • "oicano t.o Albemarle laland. 
one of the O.l.p.goa An:hipelajJo (_ my Jonrnal of ne..ean:hes, 
) •. 4;;1). InlbeSand .. ichgrou)lthere.renoaclh"e ,·olcanol,uoepl 
alll ..... ii; bUllhe na,·. W. Elli. infonnl mc Ihere .[(1 .tre.ma of 
I.,·a Iljlll.renilymodern on Maui,h.ving.,·eryt'l!oenlappearaoce. 
which can be lraced to Ihe cralCMI whence Ihey Howed. The &arne 
genllem.o intom'lI me th.Ilhere is no rea.on lobelic .. ethat.ny 
aclh'evoleano exist. in theSooielyArcbi~l&6o; nor.re there any 
kno .. -n in the S.moa. or N.visa!.()r group, .lthongh some of Ihe 
. Ire.m, ollRva .nd cratei'll there .ppe.r recent. 10 l.heFriendly 
group, Ihc ne ... J. William, ea.y. (N.rr.tive 01 Miuion.ry Enter. 
pri .. , II. 29) thlltToofo& and I'robybland •• reaclive .. o\cano.. I 
infer lrom Ua.milton'. Voyage in Ihe Pandora (p. 1M), Ih.t Prob, 
bland ia ,ynonymous ... ith Onou.fou, bUll h.ve nOlveotured 10 
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The uncoloured lXlr/B oollsist, first and chiefly, of 
coasts where no coral-reefs, or quite illsignificll.ntones. 

roloor it. Th~", can be no doubt ""P"lting Toofoa; and Captain 
}:d_M18 (Von Huch, p. SSGI found the lava of I. ~nt ~rup'ion 
at ,\margura still .. noking. Berghaul markl lour aclive ~olean~ 
a~tu ... l1)' within the Fri ... ndly gronp; but I do not 1<0011' on whal 
authority; I maymenlion that Maurelledeseribe. Latteuh ... ing 
a burnt-up appearance; I have marked only Toofoa am\ Armagura. 
Routh of the New Hebrides lies Matthew.Roek. which i .. deseribed 
,.. an lIetinl crater in Ihe vOYl{e of Ihe Allroltlbe. Between it and 
the volcano ou the .Item .ide of New Zealand liea Brimstone 
"land, which from the hi8h !emperature 01 Ihe ... ater in Ihecrr.ler 
may be nnked .. act;"e (Uerghllul Vorbemerk, II. Lief. S. :;6). 
MlIlte Drun,vol.llii. p. 23 1,lI&y' Ihat there i, .. volc .. no near Port 
RI . Vincent,in New Caledouia : I beli.\·ethiato boaucrror,ariaing 
fro.n lItloke wen on the opposiu caut by Cook (2nd voyage. "01. ii. 
p. 23), .. hieh Imoke ... enl oul .1 night, 'fhe M.riana Islends. 
e<1*!iallylhe northern onea,contain manycnlerl(_l-'reycine"s 
lIy,IM(. Deaeripl.} which are nul acti~e. "on Buch, howner, atalel; 
h'. ~ 621. on Ihe authorilY of La PeyroulW!. that Ihere are no I ... th.n 
""oen voleauna between Ihege i"land, and Japan. Gemelli Careri 
(ChuT<)hill'IColiect.vol. iv.p. 4,,8)III.Y. there are two lletivevoicIlll08 
;nlaI.23" 3O'and in lat. 24°; but I have notoolouT<.'<i them. From 
IhellalC'menl,in8eeehey'I " oYII(I'!(p·618,4toodil.) l ha,·ecoloured 
one in the northern part of Ihe Bonin gronp. M. S. Julien hu 
cl~arly made out lrom Chinese man\lllCripll not "cry ancient (Coml)t"'" 
R~ndu., UHO, p. 832), Ih .. t there Ire Iwo let;"e volcanol On tho 
ea..tcmai,jeol }o·onnoe.a. In the map a.ppended to the lI ... t edition 
I mBrkcd au aclivevolCllno in Torrea StraitJI,and ga\"e my authority: 
but lIr.Jukeainforma me Iha.tlherecertaiu!y is uovoleano there: 
a wooded ia.land on fire hA\'ing been millaken for one. Mr. M'elel. 
lind (Iw.port of Committee for In'·eIIli8a.ting Coal in India, p. 39) 
bU.tIOwnthllthevolean ieba.nd"·hichp~lhroughBarren 

I.landm .... lbent<"ndcd north .... Brtll. II Bppe&rr.bYllnoldchart, 
thIlI ChedubawaBonoeanacli"e"olcano(_aIIOSilliman'sXorth 
American Journal, vol. nui;;. p. 3M), In DerghauI' PhYI. All .. , 
101'0 (No. 7 of GeoIOf!:ical P .. rt) & "olcano on Ihe rout of Pondi. 
~ herry;' !lAid to have burst lorth in 1157. Ordinaire (Ili.t. Nat. 
de. \"oleanl , p. 218) U)" Ihat there i"one at the moulh 01 the 
Penian Uulf.b\ltl have nolcolour$d it, .. hlgivNnoparticulan , 
A ,·olea.no in Amlt<"rdam, or St. Pa.Ul·l, in the southern pout 01 the 
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exist. Secondly, of coasts where the sea is extremely 
shallow; and the roofs in this case generally lie far 
from the land, and arc very irregular, 80 that they 
cannot nlways be clasS<ld. Thirdly, reefs which appear 
merely to coat submerged banks of rock or of sedi
ment; for such reefs differ in some eBSential respects 
from those which owe thp.ir whole thickness to the 
growth of corals. Fourthly, in the ned Sea, and 
within some parts of the East In<linn Archipelago 
(if the imperfect charts of the latter can be trusted), 
there are many scatiered reefs of small size, relJrc
sellied by mere dots, which rise out of decp water j 

and thc8() have likewise been left uncoloured. In the 
ned Sea, howe\'er, some such reefs seem once to ha.ve 
formed parts of a continuous barrier. There exist, 
also, sC!lttered in the open ocean, some linear and 
irregularly-formed reefs which are IJrobably, as shown 
in the last cluI.pier, remnants of atolls; but as they 
cannot s!~fcly be placed in this class, they ha.ve not 
been coloured; they are, however, few in number, and 
of insignificant dimensions. Lastly, some reefs have 
been left uncoloured Crom the want of sufl1cient in
formation; and some because they are intermediate 
in character between barrier and Cringing-reefs. Thc 

Indiauo-n,h ... been_n(N .. ut.Mag.18S8,p.Sl2)inaetion. 
Dr. J. AII .. n, of Forres, infom .. me in .. Id«l. Ih .. l, .. htn h .. wa.s .. t 
Joo.nDa., ho ...... th.mel .. t nisht. apparently "oleanie, illuing from 
the Chief Como.o lsland, In(1 thalth .. Arab .... sured him th.t they 
.. ere Yoleanie, adding Ihal th .. volcano bum~ U10 ... during the wet 
KUOn; I han marked Ihi ... a "oleano, though .nth .ome hesil .. · 
lion, 1.1 the Hamel m .. y b .. n arilltD from gueoUI &01lrCN. 
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\'alue of the map is lessened, in proportion to the 
number of reefs which I ha\'e thus been obliged to 
lea.ve uncoloured; but their number is not very great, 
as will be seen by comparing the map with the state
ments in the Appendix. I ha,'o experienced more 
difficulty in colouring fringing-reefs than in colouring 
barrier-roofs, as the former, from their small size, 
ha,'o not much attracted tho attention of navigator!". 
As I have had to ~k my information from all kinds 
of sources, I do not venture to hope that tbe map is 
free from errors, Nevertheless, I trust it will ghe 
an approximately correct view of tho gcneral distri
bution of the coral-reefs throughout the world, (with 
the exception of some Cringing-reels on the coast of 
Brazil, not included within the limits of the map,) and 

of their arrangement into the three great CllLSS(!S which, 
though nece8SRrily ill-defined from the nature of tIle 
objects classified, have been adopted by most voyagers. 
I may further remark, that the dark-blue colour rel)re
lienls land entirely composed of coral-rock; the pale 
blue, land with a. wido and thick border of coral-rock; 
and the red,land with amere narrow fringe of coral-rock . 

Looking now at the map under a theoretical point 
of ,·iew, the two blue tints signify that the roundatiOlJ1O 
of the r~fs thus coloured have largely subsided, a.nd 
that tho rate of subsidence has b(;Cn less than the up
ward growth of the corrus. It is also prob!~ble that in 
many cases the foundations are still subsiding. Tbe red 
signifieS that the shores thus coloured support fringing
reefs; nnd they have not, as a general rule, rC()ently 
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subsided, at least to any considerable amount, (or the 
effects of subsidence on a. small scale would hardly be 
distinguiflilablo. Such shores must either have remained 
stationarysinco the period when they wero first fringed; 
or they may have been repeatedly upraised, "ith new 
lines of roofs successively formed round them, If, how. 
ever, coral·rocfs became attached for the /irst time to a. 
shoro which was subsiding, or if a barrier· reel was de. 
stroyed il,n<i submerged with a llOW red re.attached 
to the shore, this would necessarily belong at first 
to tho {a'inging class, and would be coloured red , 
although tho land was sinking. So it woul'l be with 
II. subsiding shore, if it plunged at a \'ory high angle 
heneath tho sea, for in this ease tho reef would remain 
closely attached to the land as it grew upwards, and 
woule} res{lubie in all respects a fringing. reef, This 
source of doubt applies especiall,Y to atolls which 
ha\'e been upraised (such as Metin. and Elizabeth 
Islands), for f!'Olll the steepness of theil' sub· marine 
flanks, a red growing up during n. subsequent 
period of subsidence round them, would still continue 
closely to skirt the land, and would therefore be 
coloured red, Well·characterised atolls or encircling 
reers, whero several occur togcthel' in 0. group, or a 
single barrier.reef if of large dimensions, clearly indicato 
It mo\'oment of subsidence. 'l'he evidence from a single 
atoll,01' (l'om n, single encircling. reef, must be rccei\"ed 
with caution, for the former JUay be based upon n. sub
merged crater 01' bank, and the latter on a submerged 
margin of sediment or of worn-down rock. 
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On Ole tiillribuliQn of the differtllt dm3e8 of rtrj8. 
-Having made the foregoing preliminary remarks, 1 
will now consider how far the distribution of the dif· 
ferent kinds of coral-islands and reelll corroborates our 
theory_ A glance at the map shows that the reefs 
which Ilre coloured blue and red, and which are believe(i 
to owe their origin either to widely different move
ments, or in the case of the red to a stationary condition, 
lire not indiscriminately mingled together. AtollSllnd 
barrier-roefs, as lIlay be seen by the two blue tints, 
Aenerlllly lie near each other; and this would be the 
natural result of both haying been produced by the same 
movement of subsidence. 'l'hus, all the Society Islands 
are encircl€!<l by barrier-reefs; and to the N.W. and 
S.B. there are sevcrn.1 scattered atolls. To the et\stward 
lies the great Paumotu or Low Archipelago consisting 
cntirdyof atolls, and still further to the N.E., we meet 
witb the lfendan& or llarquesas Islands, which, from 
their nbrupt and deeply indented shores, Dana I be
liew.'siulve probably subsided; though hardly any corn.1-
reefs exillt there, which might have afforded additional 
evidence of subsidence. ]n the midst of the Caroline 
Iltoll~, there al·e three fine encircled islands. The 
northern point of the barrier-reef of New Caledonia 
apparently forms , as before remarked, a great atoll. 
'fhe Auslralian barrier is described as including both 
&t01l1l Ilnd small encircled islands. Captain King 2 

I Coml. Anti Coml 1~I.nd8, lS72, p. 8'.15. 
'SailinKuireclionl,.ppen{ledlovol.ii.ofbiISurveyiIljlVoyage 

10 Allolr.IiB, 
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mentions many atoll-formed and encircling coral-reefs, 
oomo of which lie within the barrier, and olhers may be 
said (for instance, between lat. 160 and IS,,) to form 
part of it. Flinders 1 has described an atoll-formed 
red in lat. 10°, seven miles long and from one to three 
broad, resembling a boot in shape, nnd n.pparently in
cluding I~ deep lagoon. Eight milos westward of this, 
and fonning part of the barrier, lie the Murmy Islands, 
which arc high and are encircled. In the Corallian !lOa, 
ootween the two great barrier-reefs of Australia and 
Now Caledonia, there are many low islets and coral
reefs, some of which are annular, or like a horse-shoe. 
Bearing in mimI the smallness of the scale of our map 
(the lines of latitude ooing 900 milesnpart), we soo that 
nono of the larger groups of roofs and isln.nds which are 
coloured blue, and which arc supposed to hM-e been 
prodllccd by long-continued subsidence, lie near oxten
si\'e lines of coast coloured red; these latter having 
either long remained stationary, or hfl.\"ing been upraised 
with new reefs re-formed on them. Where rt.:d and blue 
circles do occur near each other, I am able, in se\'eral 
instances, to show that lhere have been oscillations of 
level; subsidcnce haying preeedcd the elemtion of the 
red spots; and elevation hB.\·ing preeeded the subsidence 
of the blue spots; and in this casc the juxtaposition of 
reefs belonging to the two great tYPCII of structure is 
little sUl"lll"i.sing. We find, therefore, that atolls and 
barrier-reefa, which both owe their origin to subsidence, 
lie ncar together and arc as a general rule scparated 

I \'01&g0 10 Terra A\llIlralis, '·o1.ii. p.336. 
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from fringing-roofs, which show that the land is sta· 
tionary or rising j and all this holds good to the full 
extent which might have been anticipated by our 
thoory. 

As atolls have been formed during the sinking of 
the land by the upward growth of the reefs which 
primarily (ringed the shores of ordinary islands; 80 we 
might eXI>cct that these rings of coral, like so many 
rudo outline charts, would still rctain trnces of the 
general form, or at lanst of the general mnge, of the 
islands round which they were first modelled. 1'hat this 
is the cnse with the atolls in the Southern PM:ific, as 
far as their range is concerned, seems highly probable, 
when we observe that the Ilrincipal groups are (lirected 
in nearly N. W. and S.B. lines, and that nearly all the 
mountainOUB islands and shores in the S. Pacific range 
in this same direction; namely, N.-Eastern Australia, 
New Caledonia, the northern half of New Zealand, the 
~cw Hebrides, Saloman, Na\'igator, Society, MarqueSll9, 
and Austral Archipelagoes. In the Northern Pacific, 
the Caroline atolls almost abut against the N. W. line of 
the Mtlrshall atolls, much in the same manner as the 
E. ltl1dW. lineof islands extending from Coram to New 
Britain abuts against New Ireland. In the Indian 
Ocean the Laccadi\'e and Maldim atolls extend nearly 
11arallel to the western mountains of India. There is 
also flo close resemblance between atolls and ordinary 
islands in the manner in which they are grouped, I\S 

well as in their sharlCll. Thus the outline of all the 
larger groups of atolls is elongated j and the atolls 
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themselves nre generally elongated in the same diH~e· 
tion with the group, 'l'he Chngos group is less cIon, 
ga.ted than is usual, and the indh'idual atolls in it are 
likewise but little elongated; this is strikingly seen by 
comparing them with the neighbouring )faldiva atolls. 
In the Marshall and Maldi"a urebipelngoes, the atolls 
are ranged in two parallel lines, like n great d'ouble 
mountain-chain. Some oftlle atolls in the larger archi
pelagoes stand so near to each other, and have such 
an evident relationship, that they compose little sub
groups; in the Caroline Archil>elngo,onesuchsuu.grollp 
consists of POllynipHe, n lofty island encircled by a 
barrier.reef, and separated by achanllel ollly four miles 
and It half in width f"OIll Andccma atoll, with a second 
alolla little further rcmO\'cd, 

On the Jil'ect eddetlce 'If the bille IJ}Jace. 111 ti,e map 
having IJUblliticlt rilll'ilig the 11J1ward 9rOl,;/I1 of O,e rel'.ffl 
thull colol/rc(l, MIll of the red 'llkleeS Iwfill!} rel/winett 
stationary. or IIm:illg heell lI}JrtlilJcd.-Wilh respect to 
subsidence, we cannot cxpect to obtain in semi·ciyil· 
ised countries proofs of a movement which tends to 
conceal its own evidence. But 011 cor/tJ·islands we see 
plain signs of a round of decay and reno"ation-on 
some, the 1118t vestiges of la.nd-its first commence. 
ment on others: we hear of storms washing away and 
desolating the islcts to an extent which astonished the 
inhabita.nts; we know by the great fissures with which 
some of these islands are traversed, and by the earth
quakes felt undcrothers, that subterranean disturbances 
are in progress, All these appearances accord well with 
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the belief that these islands hnxe rceenUy subsided; 
though not provingtbefaet. At Kedingatoll, however, 
I hll.\'o (Iescribed ccrtain appell.flUlces, which seem 
diredly to show that thc surface suu~ided there during 
ihe lato earthquakes. In the Caroline Archipelago, 
the island of PouynipCte (Plate I. fig. 7), from being en
circled by a great barrier-reef, Ulust have subsided, in 
necordfl_llce with our theory j nnd in tho New South 
Wnlcs Lit. Advert. Feb. 1835, thcl'e is till acconnt of 
this island, (subsequently confirmed by Mr. Campbell,) 
ill which it is said,' At the :;';.E. end, ata place called 
'ramen, there are ruins of a tOWIl, 'lOll' olliy accessible 
by boats, the wa\'eg r(ochill9 to til(' SUpll of the 1101/8;>$.' 
HCllce it would appear that the island must have sub
sided since these houses were built. Mr. JIalesalso states, 
from information acquired during tho U.S. Exploring 
Expedition, that certain buildings on this island IIro 
now in the water: 'whst were OIlCO p!~ths arc now 
Illlssages for canoes, and when the walls are broken down 
the water enters the enclosures,' I Yallikoro, according 

to tbe Chevruier Dillon, is often violently shaken b.y 
tarthljunkes, and there, the unusual depth of thechalUlel 
t.E:tWeCli the shore and the reef, the wall-like structure 
on the inner Ride of the reef, the small quantity of low 
alludnlland at the foot of the mountains, and the almost 
(outire absence of islets on the reef, all SOCIll to show 
that this island has not remained long tlt its present 
len:!.' At the Society Archipelago, on the other hand, 

I I'rofeaor Dana &1110 eonclnda. from Ih_ fad. ,hat the island 
i •• nboiding; _ eo ... 11 and Coral Ialande. lS72, p. 1130. 

'be:., Captain DilIo,,', \'oylltle in lIe&l'Cil of r.. I'eyronllO!. 1I. 
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where a slight tremor is only rarely felt, the shonlness 
of the lagoon-channels round some of the islands, the 
number or islets formed on the reefs of others, a.nd the 
broad belt or low land at the foot of the mountains, all 
indicate that theae islands haye not undergone for a 
long period, any movement of subsidence, although 
their encircling reefs must on our theory have been 
origiually produced through subsidence. I 

Although Dana admits that atolls ami barrier-reefs 
must hn.\'e been originally formed by the subsidence of 
their foundations, he belieyes that a large number of 
atolls, s.ituated between thePaumotuor Lowgroup toihe 
east and the Feejees to the west, ami northward nearly 
as far as the equator, haye reeently been uplifted to 
the height of a very few feet.' Mr. Couthouy come to a 
similar conclusion during the same expedition with re
spect to many of the Paulllotu atolls. These obseners 
ground their beliof chiefly from hfl.\'ing found the great 
shells of the Tridacna. vertically embedded in coral
rock, at a height at which they cannot now exist. Mr. 
Couthouy also states that he found corals stamling on 

Cordiu, in hi. Report on the Voyage of Ibe Allrolal» (yol. i. p. ui.). 
lpeaking of Vanikoro, lIy. Ihe aho,," are lurrounded by tHIs of 
midrepore,'q"·,""lIUIlr.ltrl,IUI()17II,IJIWrt.toul.d-lail'IICd~.' 

, Mr. CouthouYII,wl (Remlrks. p. 44) tha,.1 Tahili and Eimeo 
the.paoeoota·eenlh.reefandlhelhorehlbeennclrlyfilledup 
by the extenaion 01 cora!.reef8 of thelr.ind which within mOllI barrirr· 
"",,' a merely fringe the land. Fromthillcireum8tan~.hearri'·e8.t 
thellmeOOlicLuaiollaalba,.,,,doue,n.o.mely,lhatt!iel;ocietyIBllnM 
ha"e remained.tationary during a \ong period . 

• Coral. and Coral lalanda. 1872, pp. 199, S~6. See .111(1 Mr. 
Coulhouy·. llemuu on Coral Form.liona. [See Wilketl' EKploring 
Ea\>editioll, yol. i.chill. KY.] 
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the shores and in the midst of the lagoons. from 12 to 
SO inches above the sea-level, with the tips of their 
branchcs dead_ He also rcrers to masses of coral-rook 
which he thinks could Dot have been carried into their 
present positions and subsequently beell wat.cr-worn, 
whilst the land stood at its present lerel. Nevertheless 
it might, I think, hare bef'n anticipnted that many 
atolls would have presented the above nppcarance, if 
they had long remained ata stationary level_ The sea, 
after the land bad at some former period subsi(ied a few 
rL~t. would ha,-e continued for a lOllS tillle brenking 
ol"or the whole rccf, own after the Ii ring corals had 
grown ul> to their fuil height 011 the outer lIlargin_ The 
waters of the lagoon would thus have been disturbed and 
raised, flO that shells and corals, from heing bathed by 
the troubled waters, could have existed at a greater 
height than that at whieh they could cxist after the 
rcof IlIld been raised by the agglutination of fragments 
and Silnd, and after islets bad been formed on its sur
face. E 'en the more outward growth of a reef, and the 
consequent increase of its breadth, by checking the 
inwnrd rush of the breakers, would tend to lower the 
le'-el in the Ingoon at which corals and shells can lil-e_ 

We have seen th!tt at t he KCflling Jslnnds there nre 
fields of rotten coral with the tips of their branches pro
jecting aoo'-e the surface of the Ingoon,-tho result of 
thb tides not rising 80 high as formerly (as is said to be 
the cnse by the inhabitants), from the closing of the 
('hall nels hetwC<!1l the islets on the outer reef, and from 
the lagoon being partially choked up hy the gl"Owth 
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of the corals. Here, so far from there having been 
any recent elevation of the land, we have reason to be
lieve that there has been subsidenC(!. Messrs. Dana 
and Conthouy-s observations relate chiefly to the 
Paulllotu atolls, and here agam some facts indicate 
recent subsidence rather than elevation: I refer to the 
manner in which Chain atoll suffered during a storm, 
and to Sir E. Bclcher'sstatemellt,l that after an illterval 
of fourteen years, a. well-known islet had diSll.lljX:ared, 
and the lagoon at a llarticular spot had become deeper 
than it wus IJcfore. 

There are other causeso! change which might, as it 
appears to me, easily lead to a mistaken belief in the 
recentelenl.tion of low cornl formations. We must re
member that the ollter u.nd living margin of the reef 
grows up to a height determined by the constant break
ing of the waves. Outside this margin there is a slollillg 
Stu· face also covered with living corn Is, hut belonging to 
species which do not grow to the surface; and beyond 
this, there is a much steeper slope, consisting of coral_ 
sand. Now after a somewhnt rapid subsidence 0[, lor 
instance, one or two fathoms, we may feel almost sure 
that the corals on the outer IUnrgin would grow up 
{Juickly to the surface and form a nearly vertical wall. 
'Ill is would be slIcceeded outside by a steeply sloping 
surface of lh-ing corals, which would likewise I!OOner or 
later grow up to th(:ir former le,-el; but outside this, 
the much steeper slope, formed by the slow accumula
tion of fine dl:tdtus, would not recover for 8. "ery long 

, VOlage lloundlheWorld,wl.i.lS43,]).3!!2. 
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time its former angle relatil'ely to the upper bank or 
!il'ing romls. Now it seems highly probable that a 
change of nny kind in the outer submarine slope of 
nn if;land would influence the bf:ight to "hich thc Jiving 
cornia on the margin would be constantly bathed by the 
surf, and to which they would consequcntly be able to 
grow. Again, it seems possiblc that ir during one sen son 
of the :renr the currents of the SClL nnd the premlent 
winds coincided in direction, thewlLl'es would then reach 
to a hi){lll'r lel'el and the corals grow higll(lr, than at 
another seRson when the currents Rnd the winds did not 
coim'id(' in direction. The result would be that the 
{'oral~ which during the one Bcnson hnd grown to their 
full height, would a.t the other scason expose their dead 
summits, and give ,the appea ra.nce of the land having 
\.well slightly elevated . I hlLve referred to these possi. 
bilities merely to show how difficult it must ever be to 
judge whether low coral formations haxe !"cally been 
raised to a height of only two or three feet, as Dana. 
Leli(:H~S to hal'e been the case with Bel"eral groups of 
atolhl. '1.'0 mc it seems more probable that all the ahow. 
mClltiont'd Rllpearances merely indicate tha.t the atolls 
in tluefltion have long remained at the Mille level. If, 
howcver, the conclusion arri"cd at by so excellent an 
obflcr\"cr as Professor Dana, should hereafter be COIl 
finm·d, the lJuestion will arise, seeing how immense an 
area hilS Oecll thus affected, whether those geologists 
nre not right who believe that the Jevcl of the ocean 
is subject to secular ehanges trom astronomical 
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El'idcllu tlwt 7IUtlly IXXUts fri"9t:d Iritll ror(ll-re"..fs 
(ilia colOllr('ll red on tile 11/(lP, h(lre bte" rece1/tlyeie-
1·(I/ed.-AB the areas which haNe slowly subsided with
in the period of existing corals are many and large, 
we might have expected thnt such movements would 
have been counterba.lanced by the recent ele\'a.tion of 
other equally In.rge areas; and this, fL8 we shall see, 
apparently holds good. Corals attached to a rising 
coast would necessarily form a fringing-reef j and this 
reef would be upraised nt each succt'SSive elevation, with 
1\ !lew one formed on the coast at n. lower le\'el. Such 
reefs would differ only by their e.maller breadth from 
those attached to a shore which bad long remained 
stationary j for they would not h!ne had sufficient time 
to form n. foundation of their own detritus and grow far 
outwards, Fringing-reefs indi('lltc as a general rule 
t!1Il.t the land to which they are attached has not re
cently subsided, But they do not tell tiS whether the 
land is rising or stationary. NeYertheless, the crust 
of the earth seems linble to ~tlch incessnnt changes of 
level that a 10ng-eontilHle() stntionnry condition ap
parently is rare. We may infer that tbis is so CIom 

the number of cases, within the limits of our mal', in 
which upraised corals or other organic remains ha.ye 
been found on tbe shores wbi('h are £ringed witb reefs, 
and are, therefore, coloured red. It may be mentioned 
IlS bearing on this subject, that 1 WI\8 much surprised 
on first rending a memoir Oil cora.l formations by 
MM. Quoy nnd Gaimard,' by finding that their de-

l Annale. de. ScienCft Nat low. ,.;. p. 279, .te. 
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scriptions applied only to reefs of the fringing class, for 
J knew that they had crossed both the Pacific and Indian 
Oceans; but my surprise cnded in satisfaction, when I 
discovcred that all the islRnds which they had visited, 
though Bel'oml in numoor-namely, Mauritius, Timor, 
New Guinea, the Mariana Rnd Sandwich Archipelagoes 
-could be shown by their own statcments to have 
been clevated within a recent geologica l period, 

] will now enter on 80me details, showing how many of 
the islands and 008sts which from being frillged wilh reefs 
are coloured red on our map, Iliwe been ~enUy upraised. 

Sandwich Illand,,-Several of these ialands are frmged 
with reefs, though DanB fowld \'Cry few corals at llawaii; 
ami Rllllost every naturalist who has visited them has ihere 
obser\'ed upraised comls and shells, 81>parentiy identical 
.... ith Ih'ing species. The Rev. W, Ellie informs me that 
he noticod rOllnd several parta of liawaii, beds of coml 
detritus, about twenty feet abo\'e the level of lhe sea, and 
where the coaet is low theyexk>nd far inlaml. Upraised 
coral-rook forms a collsiderable part. of the borders of Oahu; 
and at J.Jlizabeth bland 1 it compOSe8 three strata, each 
about ten feet thick. Nihau, which forms tile noriilem, as 
Hawaii doe8 the 8Out.hern end of the group (8GO miles in 
length), likewise seemll to consist or coral :lnd "olcanie 
rocks. Mr. Coutilouy' has lately described sel'eral uI>mised 
beaches and ancient reefs with their 8urfacea perfectly pre. 
sen'cd, lUI well as beds of recent shells and corals, at the 
Islands of Maui, Morokai, Oahu, and Tauni (or KRuai), all 
in this group. Mr. Pierce, an intelligent residcnt at Oahu, 
is colI\'inecd, from changes which have taken place within 
hia memory during the la.a~ aixteen yean, ' tlmt the elel'a-

I ZoolO(l1 of C.ptain Beeehey'. Voyage, p. 176. See .lao lUI. 
Quoy.nd O.imud in Annal" dell Scienefll N.t. 10m. vi. 

• nemuh on Conll"ormuionl, p. 51. 
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tion is a1 present going forward at a "cry perceptible rate.' 
1'he nativea at Kauai atate that the land ia there gaining 
rnpidlyon the sell. ; and Mr. Couthouy has no doubt, from 
the nature of the stmta, that this is the result. of elevation. 

Elizabeth Island. ill the south(!rH part of the Low or 
Paumolu Arcllipelago, and Metia in the northern pan, 
eon3ist of upraised coral· rock, closely fringed by li\'ing 
reels.1 In cases like these, where islands have the appear· 
IUlce which one of the smaller surrounding atolls with a. 
slmllow lagoon would present if elevated, we /U'e Ie<l to con_ 
eludo that the eio"atioll has taken place at an epoch not 
geologically remote; for it is improbable that such small 
a11d low fabrics should have resisted for an immense period 
all the marty destroying agents of nature. When the sur
face of an ordinary island is strewed with marine remains, 
from the beach to a ccrtain height, amI not above that 
height, it is elceedingly improbable that these remains, 
altllOugh they may not ho.'·e been specificallye;<.:amined, 
8110uld belong to any very aneiCJlt period. I t is necessary 
to \.lear tllese remarks in mind in considering the evidence 
of the elevatory mO\'emenls in the Pacific and Indian 
Oceans. as it does 1I0toften rest on specifiedeterminatiolls, 
awl therefore 8houl(1 be received with caution. Six or the 
Cook awl AIt~tral Isla1Ul~ (S.W. of the Society group) are 
fringed ; of these, five were described to me by the Rev. J . 
Williams, as formed of coral-rock (associated with some 
basalt in Mangail~) , and the sixth as lofty and basaltic. 
l\lnngaia is nearly SOO feet high with B. level summit ; and, 
aecordiug to ~Ir. S. Wilson,' is an upraised reef; 'and 
there are in the central hollow, fonnerly the bed of the 
lagoon. many scattered patches of coral·rook, some of them 
ra.ised to a. height of forty feet.' These knolls of coral-rook 

, l\(!echcy'. \'<)y~ in the Pacific, p. 46, 4to edit . DIIo"IIo. Corals 
lIoud CorIloII8IR"ds, p. 193. Wilkes, U.S. Exploring E~pe<l ; l ion. vol. i . 
p. 997 . 

• Couthouy', Remarh, p. 94. 
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were evidently ollce reefil within the lagoon of an atoll. 
?l[r. Martens, at Sydney, informed me that this island is 
surrounded by a terro.ce·liko plain at about tile height of 
100 foot, which probably marks a llause in its elevatiOll, 
:t'rom these facts we Dlay infor that tlle Cook and Austral 
lslallds ha,'o been upheayed at a not "ery remote period. 

Sat-age blalld (S.E. of ihe Friendly group) is according 
to Forster about 4.0 feet in height, aud according to 
Williams about 100 feet. .Forster I de80ribes the plants as 
already growing out of the dead but still upright and 
~preading trees of coral; and the younger Forster I believes 
that an ancient lagoon is now represented by a central 
plain: Ilerewe cannot doubt that the eie"atory forces hal'e 
recently acted. The BalUe conclusion lDay be extended to 
the islands of the Frielldly Groltp, which IUl.Ve beeu well 
described in the second and tllird voyages of Cook, and 
recently by Danll. The surface of Tongatabou is low and 
lovel, but witll llarts 50 or 00 teot high i the whole consists 
of coral.rock, 'which yet shows the cavities and irregular. 
ities worn into it by the ac.tion of the tides.' 3 011 Eoua 
the same appearanocs wore noticed at an elevation of 
between 200 nnd 800 feot. Va"ao, also, at tho opposite or 
northern end of the group, consists, according to tho Rev. 
J . Williams, of com I· rock. Tongatabou, with its northern 
extensive roofs, resembles either an upraised atoll with Olle 
half originRlly imperfect, or ono unequably ele,·at.ed; and 
Anamouka,811 atoll equablyele\'ated. This latter island 
contains· in its centre a salt-water lake, about a lllileanda 
h&lf in diameter, without any communication with the sea, 
aod around it the land rises gradually like a hank: the 
highest part is ollly between twenty and thi.rt.y feet; hui 

, Obeeno.lion. made during Vo)'age Round Ibe World, p, 1·17. 
'\"0),.,yol.iLp.16!I . 
• Cook'. Tbird Vo)'age (410 edit.), "01. i. p. 111-1 • 
• Ibid. yol. i.p. 23:>. 
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on this part, as weU as on the rest of the land, (which, as 
Cook observes, rises above the height of a true lagoon
island,) coral-rock like that 011 the beach was found. In the 
Nav19o.tOT or Samoan Archipelago, Mr. Couthouy I found 
on Manua many large fragments of coral at tIle hcight of 
eighty feet, ' on a steep hill-side, rising half a mile inland 
from a low sandy plain abounding ill marine remains.' 
'rhe fragments were embedded in a mixture of decomposed 
lava and ~and. It is not stated whctl1er they were Recom· 
pallied by shells, or whether the corals resembled recent 
species; as these remains wefC embedded, they possibly 
lIlay belong to a remote epoch; but I presume this was 
not the opinion of Mr. CoutllOUY. On the other hand, Mr. 
Dana says expressly in one place, that 'no satisfactory 
evidences 01 elevation were deteeted about t11ese islands; , 
and in another place he says (p. 82Gl that some of the 
islands ha"e probably subsided. Earthquakes are very 
frequent in thist1rchipelago. 

Still proceooingwestwan.i we come to the Nell) Hebridu. 
On these islands, Mr. G. Bennett (author of Wanderings 
in New South Wales) informs me that he found milch coral 
at a great altitude, which Ile considered of recent origin. ~ 
The LoyaltyIslands are situa.ted west of the New Hebrides, 
Slld not far from New Caledonia; and one of these isla.nds 
hng been clearly shown by the Rev. W. B. Cla.rke (Journal 
of Geolog. Soc. 1847, p. 61) to consist wholly of coral·rock, 
and to have been ra.ised within a re<lent period by at least 
two distinct clovations to the heigM of 250 feet. Tile 
shores are now fringed by reefs. Respecting Santa Cruz 
snd the Saloman ArcltipelagQl I ba.ve no informa.tion; but 
at New Ireland, which forms tbe northern point of the 

, llemarks nn Gnu! :lInnnalioll8, p. 50 
• [)'rof.l\t<l8e!ey.NOlcsofaSslul1IlistintheC/ullIrngcr,apeaksof 

indical ionll of e!evatiou to an utentol about (i feet.] 
' [See Mr. Ouppy·lde&CtilltioD,AppendisU.] 
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latter chain, j)oth Labillardiere and Leeson ha\'e described 
large beds of an apparently "ery modem madreporitic rock, 
with the form of the corals little altered. The latter 
author I stAtes thd this (ormation composes. newer line 
of C()8,st, modelled round an ancient one. There only re
mains to be described in the Pacific, that curved line of 
fringed iaiflnds, of which the Marianal form Ule main part. 
or those Guam, Rota, Tinian, Saypan, and some islets 
fa.rther north, are described by Quoy and Gaimard,' and 
Chami8so,· as ehicOy composed of madreporitio limestone, 
which attains a considerable elovation, and is in sewral 
cases wonl into successively riB-ing cliffs: the two (ormer 
naturalists seem to h8\'e compared tlle corale and shells 
wi~h the e,;iating ones, and state that they afe of recent 
species. PC(l1 bland, one of the Bonin .or Arzobispo group, 
between tho Marianas and Japan, has 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 oxtending 
uuifonnly at thia levol. 4 Fail, wllicb lies in the prolonged 
line of ihe Marianas, between this group aml the Pellews, 
is fringod by roefs; it is 00 feet high, and consists entirely 
of madre pori tic rook.o 

In the Bad lndum, Archi~la!lo, many nuthors have 
recorded proofs ot rocentele\·ation. M. Lesson' states that 
near Port Dory, on the north COfUIt o( New Guinea, the 
shores are flanked, to the height of ] 50 feet, by madre. 
pori tic strata of a modem date. He !Domiolls similar (or. 
mations at Waigiou, Amboina, Bourou, CefalU, Souda, aud 
Timor: at this latter place, MM. Quoy and Gaimard 1 hlH'e 

I Voy. de la Cogl<ilk. Pert. Zoolog. 
I Freyeille" . Voyage .utour du Monde. See al.., the Hydro. 

rrapiliealltlemoir. p. 216. • Kot~ebue· . Pi"" VOYllie . 
• I'. W. Or",,'", Journal of OeologicaJ Soc. 185ti, p. 632 . 
• LulkA'.Voyagc.vol.iLp.304 . 
• Partie 7..oo1og. Voyage de la Coquilu. 
'Ann.del Scien.Nal., 10m. vi. p.281. 
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likev.;se dl'SCribed the primitivo rocks, as coated to a con· 
siderable height with coral. Some small islets eastward of 
'rimor aNI 8Ilid in Kolff's Voyage I to resemble small coral 
islet.a upraised BOme feet above the sea. Dr. Maloolm9011 
informs me that Dr. Hardie fOUlld ill Jam III extensive 
formation, containing an abundance of shells, of which tIle 
greater part appear to be of existing species. Dr. Jack 2 

has described some upraised shells and cornls, apparently 
rccent, on Pulo Niall off Sumatra; and Marsden relates in 
his history of this great i!:lland, that the Ilames of many 
promontories show that they were originally ialands. On 
part or the weat coast of BOTn«J and at the $00100 II/andl , 
the form of the land, the nature of the BOil, and the water. 
washod rocb, present appearances' (although it is doubt
ful whctlu!r such "ague e\;dCliCe is worthy of mention) of 
having rooenlly been covered by the sea; and the in.habi
tallu of tho Sooloo Islands belie,·e lliat this has becn the 
case. Mr. Cuming, who has latdy invClltigated with 80 
much success the mollusca of the Phillippilll!l, found near 
Cu.bagan, in Luzoll, about 50 feet above the level of the 
H. Cag-ayan and 70 wiles from its mouOI, a large bed of 
fossil shells: these, as he informs me, are certaillly of the 
same speciea with those now existing 011 the shores of tIle 
neighbourillg islallds. From the accounts gi"cn by Captain 

I Tran.ated by \Vindll(>r Ea.l, chapa. ,·i. and Yii . 
• Ooolog.Tn.n&&.et. 2nd ""ne., '·01. ;. p. 403. On the Peninsula 

of ~Ialacc., in front of l'~n'Dg, [,0:10' K., Dr. W.rd nolleeted S(lme 
ijhelll ".-hieh Dr. M.lcolmo;on inlonnl me, .lthough not ooml.ared 
.... ith ex,'I;ng apecies, had a ._nl ap"e.r&.ll~. Dr. Ward del<:ribe. 
in thil. n~ighbourhood (Tn.ns. As;al. Soc. \"01. xvi ii., l'a.t2, p. 166). 
~ingle Wl.!.e.·worn rook, wilh a oo"8lome.ato of "" ... -sheUa at iUl base, 
.iluat.ed .ix miles inlsnd,whicb,aooording to Ihe traditionaofthe 
uati'·M, ..... Oll~ lurrounded by the .... Caplain I,ow h ..... Iso 
delOribed (ibid. !'s.t i. p. 131) nlound. of .belL, lying IWO miles 
iuL.ndonlhi.lineofc ..... I. 

I Noticell of the Ea.sllndi&.n Arch., Singapore, 1828, p. G, .... d 
Append. p.43. 
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Basil flail an(I Captain Boochey I of the Jines of inlaml 
reefs, and waUa of coral rock worn into cavea. above the 
present reach of tho waves, at the Loo Chao Islands, there 
can be littlo doubt Umt they hawl boon UI)raised at no "ery 
remoteperioll. 

Dr. Davy t describes the northern pro"inee of Ceylcn as 
being "cry low, and composed of a limestone with shells 
IUld corals of "ery recent origin; he adds, that it does not 
admit of a dOub~ tha~ the sea haa retired fronI thia (liatrid 
m'en within the memory of mUll. Thero is also some 
reason for belioying that the custorn shores of India, north 
of Coy lon, ha,'O boon upraised witllin tho recent perioll.3 

On the opposite side of the Gulf of Bengal, Captain Usi. 
aU!ad evcrywhere found during his survey of the Burmese 
coast \US he informe(i Sir C. Lyell), proofs of reccnt o\cva· 
tion in upraised beaehea and bedK of shells and corals. In 
tho Indisu Ocean J/auritirl,s lIas been recently upraised. 
as I have shown in the chapter.on fringing.reefs. The 
northern extremity of Madagauar is described by Captain 
Owen 4 as formed of madreporitie rock, 88 likewise are the 

, Captain J3. HaU. Yo,.. to Loo Choo, Append. pp. ni. and nv. 
Captain Hoochll,.'. VOl'nge,I).4!l6 . 

• Travel. in Ceylon, p. 13. 'l'hi. mad~poriliQ formation i. men· 
tioned byl!. Cordier in hi, repor1; 10 Ihel'''litute(M.,.''.ISS!l)on 
lhe voy. 0' theClul:f"tlle,&s one 01 immelli16Cllent, and belonging 
klthel.tHltertiar,.~riod. 

I Dr. Ilen~a, in hi. Journey through tbe N. Circnr8 (tho Madrll.6 
Lit. and Scient. Joun" .. l, vol. v.), b .. de..:ribed • formalioo with 
rocent fre.h .. ater and Illl .. rlne lhellA,O<':<'!urring" the diatanco 01 
Ihn!O or four mil.,. from the preaent . hore. Dr. Den,.., in oonver· 
... tionwith me,.ltnbuled their poaition kl • rille of the I.nd. Dr. 
M.loolml(ln, ilO"'e'er, (and theraeanno! be a higher au!horit,. on 
lbegeolO8.Yof lndia,jinformlmeUathe,ulpeo::l&thalth_beda 
ma,. have been formed by the mere ael.ion 01 tbe ..... .,. and cun-enl8 
aoenmuilling le<iiment. }'rom analogy I .hlluM much incline t.o 
Dr. Denza'. opinion . 

• O""en·.Africa.,vol. ii.p.S7,forlladap!lC&r; .. nd lor S. Africa, 
vol. i. pp. <II:! and 42/i. Lieut. Uoteler·. nalTllj~e containl fullu 
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shores and outlying islands along an immense space of 
EMUNl Africa, from a little north ot the equator for 900 
miles 8Outhward. Nothiug can be more vague than the 
expression'madrellOritic rock;' but at the same time it is, 
I think, scarcely possible to look o.t the cho.rt of tile linear 
islets running in front of the coast from the equator fo.r 
8Outhward, and rising to a greater height than can be ac
couuted for by the growth of coral, wIthout feeling con
vinced that a line of fringing. reefs has been elevated at a 
period so recent, that no great changes hu.ve since taken 
place Oil the surface of this part of tho globe. Some, also, 
of the higher islands of madreporitic rock on this coast, {or 
instance Pomba, are singularly shaped, apparenUy showing 
the combined effect of tIle gn,wth of coral 011 submerged 
banks, together with their subsequent upheaval. Dr. Allan 
inronus me that he never obsen-ed any elevated organic 
remaius ou the Seychelles, which come uuder our fringed 
class. 

The nature of the formatious round the shores of the 
Red &a. as described by se\'eral authors, prol'es that the 
whole of this large area has been elevated within a very 
recent tertiary epoell . A part of this space in the ap
pended map is coloured blue, illdicaling the presence of 
Imrrier-reefs; Oil which circumstance 1 shall presently 
make some remarks. Hiippell ' states that the tertiary 
formation, of which he has examined the organic remains. 
forms a fringe along. the shores with a uniform hcight of 
from BO to 40 feet, from the mouth of the Gulf of Suez to 
about lat. 2GQ 

j but that south of 26°, the beds attain only 
the height of from l ~ to 15 foot. This, howe,·er, cau 
hardly be quite accurate; a.lthough possibly tilere may be 

pa.rlicula.rs regflruing theeora.i rock. \"01. i.p. 171,a.nd vol. ii.pp.4 1 
a.nd 5,'- See a.JilO Huschel\berger'B VII)'a.ge round th"Wodd, \·01. i. 
p.GO. 

I IHlppeli, llei$e in Abyl .inien, Ba.nd i. e. 141. 
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a\locrcase in the elevation oCthe shores ill the middle part9 
of the Hed Sea, ror Dr. Malcolmson informs me that he 
collected 8hell8 and coral8, al)parently recent, from the 
cliffs of CamaTan uland (lat. 16° 80' N.) at a height of 
between 80alld 40 fee\; and Mr. Salt (Tra"els ill Abyssinia) 
describes a 8imilar fonllatioll a little 80utbward on the op· 
posite shore at Amphila. Moreon!r, near the mouth of the 
Gull of Suez, although 011 the coast. opposite to t.ha' ou 
which Dr. HliJlpeli says that the modem beds a,tain a 
height of only SO to 40 fee" Mr. Burton ' found a dcposi t 
replete with existing specie8 or 8he1l8, at the height of 200 
feet. In an admirable series of drawinga by Captain 
More8by, [ could see how continuously the cliff-bounded, 
low, tertiary plains extended with a nearly equable height, 
both on the cistern and we8tem shores. 'fhe southern 
coast of Arnbia seCUIS to have been subjected to the same 
elevat.ory movement. for Dr. Maleolm90n found at Sahar 
low cliffs containing 8hclls and corals apparently or recent 
speeies. 

The Psrslcm aull abound8 with coral-reefs; but as in 
this shallow sea it is difficult to distinguish reefs from 
sandbanks, I have coloured only Bome ncar the mouth. 
Towards the llead of the guU Mr, Ainsworth' says that the 
land is worn into terraces, alld tllat the st.rata conlailt 
organic remains of existing forms. 

The \Vut Indian A.,.chi~lDgo of' fringed islands' 11.10119 
remains to be mentioned: evidence of an eievatiou within 
a late tertiary epoch of nearly the whole of this great area, 
may be foullIl in tile works of almost. all the geologists who 
have visited it. I will give 80mB of the principal references 
in a note,' 

I r,~WI Principle. of Oeolog:r. 6th edition, ro!. it'. p. 2.> • 
• AIn.worth'. Auyr;. &rid Babylon. p. 211. 
I Th_ n'fen!D~ only relluo \0 worb pubH.hed before ISH, 

thl date of the finltedition of thi.bool:. OnFlorid.lnd thlnonh 
.hore. of Ihe Gulf of Muieo. Rosen' Repon 10 iJrit. Auoc. vol. iii. 
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On reviewing the above details it. is impossible not. 
to be st.ruck with the number of cases in which upraised 
organic remains, apparently belonging to the recent 
perioa, ha"e been found on the shores now fringed by 
reefs, and which are coloured red on our map. It may, 
however, be thought that similar proofs of elevation 
conld be found on the coasts coloured blue, and which 
we have good roason to believe haw' recently subsided; 
but such proofs cannot be fOllnd, with the few follow
ing ami doubtful exceptions. 

The entire area of the Red Sea appears to have been 
upraised within It late tertiary period; nevertheless I 
have been compelled, though on unsatisfactory evi(1cnce 
(given in the Appendix), to class the reefs in the middle 
part of the coast, not as fringing, but as barrier-reefs. 
]f, however, the statements should prove accurate re
specting the less height of the tertiary beds in the 
middle, compared with the northern and southem 
districts, we might well suspect that the former hfi~ l 

subsided subsequently to a general elevation by which 
the whole area had previously been upraised. Several 
authors \ have observed shells and corals high up on the 
I). H.- On the Mores of Mexico, Humboldt, I'olit. t:ssay on )\e,.. 
8p9.;n. vol. i. p. GI!. (I h9.'·e 9.180 some eorrobouti,·e facts with 
respeci k> the shores of )'~x;eo.)-Hondura8 Ilnd the Antillel , Lyell'~ 
l'rinciples,I'ilh ed.,·o\. iv. p. 22.-8anla Cruz an(1 B'llba.d~.,l'rol. 

Ho,·ey, Silliman's Journ. vol. xxX\". p. 74.- Si. Domingo, Conrro. 
jolles Jour. de Phys. tom. liv. p. l06.--Bahama~ United Service 
Jonrn. No. ixxi. 1)1'. 218 a.nd Z-U.- J9.ma.ica, De la Beehe, 0001. Man. 
p. 142.- Cuba, Ta.ylor in Lond. and J.:din. Phil. Mag. vol. xi. I). 17. 
Dr.D9.ubensy alw at a. meelingof the Geolog. Soe. orally deseribed 
>lOme very modern beds lying on the N.W. P9.rt8 of Cuba. I might 
haveaddedmanyotherlellSimportllntreferences. [SeeAl)pendixii.] 

'Ellil, in hil l>olynesi9.1l llese9.rches, Wa./I the first to clllllltten. 
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mountains of the Society IsJands,-n. group of islands 
encircled by bn.rricr.reefs, a.nd which, therefore, mUllt 
h!l\"~ recently subsided. Thusat '!'ahiti, i\lr. Stlltebbury 
found 011 the summit or one of the highest mountains, 
between 5,000 and 7,000 feet above the level of the BOO, 

'it. distinct and regular stratum of semi·fossil coral;' 
but we ('annot infer from such evideuce Il.S this that the 
island hM been elemtcd within the recent period; and 
on the other hand, several naturalists, including Mr. 
Dalla and myself, bJl,\'e iu min searched ncar the coast 
for upraised shells and comls, where if present they 
could not have been overlooked.' Two of the Harvey 

(ion to th~ rem.inl (~0I. i. p. 38) .. nd thr tradition of the n"lives 
eonoerniTl8 tbem. See .. leoWilliama, :S.r. of lli ... . ;nlerpriae. p. 
21 ; .lflOTyerm .. n .nd O. Bennett. Journ. 01 \"oyage, "01. i. p.213; 
.leoMr. Coulhony'. Bcmarir8,p.51: bUlhil prineil' .. llael.namely, 
th •• Ihere i,. nU"81 of l1pMlised oor .. 1 on Ihe n.rrow)M'ninsuh" ot 
Ti.rubu, i. ftOllI he .... y evideuoo, a.lllO ll •. ::!tulehbury, West of 
.:ngl.nd JOll.n. :So. I. p. 64. There i •• pu ... ge in \"on Zaeh. 
Corre.. AJitronom. vol. x. p. 266, inferring.n upri.ing al Ta.hiti. 
from & footp .. th no .. u..,d, which "'&1 fonnerly impt.&8lbl .. ; bu~ 1 
pt.rtieul .. rl,ell'lui~ from Hvert.lnativeehie'lI, ... hetherthe,kne'" 
of.nleh .. "8<Ioflhi.kind,lDdlhel .... erenn.nimou.ingi~inglDe.n 
.. n~wer in Ihe negt.the. 

Some of Ihe mounllinl ril!O to 7,000 feel. A d~pthof2,;toS,; 
f.thom., .. hichi.thelimilolthegro ... in8~rt.la,i'f'Nehed.tfrolll 
IOOIOI(,()fathon"'romtheedgeof!herftf. The .lollllthens1eepens 
rapidlylOlOO.ndIOOfalhoml,,,·hiebdepthi,ret.ehed.l.dilt&uoo 
oflt26 to:l,j(\ fathoUlI from Ihe edge of Ihe reef; lolOOfa.thomllhe 
, lolllli,.bout46',thencelOlboul'lOOiti •• boutllO",.ndlhenit 
ea.-olf. From3~ 10 I;jOfllthoms.pongc •• a.lcyon",ri",nl,ooral., 8..,,1 
other inverlebrfr,te. .. ·ere obtained; iH>yond the l.lte., ooral"""lld '" ith 
,·oiCllnicmillcra.I'fr,nd llelagic shell .. I",ide the lagoon. th .. reeh 
... erefringed ... ithli,·ingooral ••• loped do .... n .. ·ard ... ndout .... rdl for 
• few feo>l, then pIUnged.tOllcelOdepthlo' IO.ndlGf.thollla. Th .. 
dfpot;it in the lagoon ... ·uineomeplaee..oora.I· ... lld,;nothen. 
""lclllic mud. There i. evidence of eollle amount of uphetlo~.l. 
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Islands, namely, Aitutaki nnd Manouai, are formed of 
upraised coral rocks, and have probably been elevated 
within a recent period; new!rtheless they are encircled 
by reefs extending so far Crom the land, that I have 
coloured them blue, though with much hesitation, W:I 

the Bpace within the reef is shallow, and the encircled 
land is not abrupt. If these reefs really belong to the 
barrier class, we have here another instance of sub
sidence having followed ele\'ation, both movements 
having been effected apparently within the recent 
period. 'l'here are also many cases of coral-forma-
tiOllS, such flB Elizabeth Island, Metia, Mangaia, 
se"eral oCtbe .Friendly and one of the Loyalty Islands, 
which it can hardly be doubted once existed as atolls, 
and were originally formed during subsidence, but 
have since been elevated, and are now surrounded by 
fringing-roofs. We haw, however, no reason to feel 
sUfJlri.se at occasional or even frequent alternations of 
level of the above two kinds. 

On tlu "lntnu of actiu Volcano, ill tht arta. of 
.IIb.illt"u, ami Ofl thrir !rt.ql(ent pre,ence in. tlu artllll 
of eler:atiOlI.I-The absence of active volcanos through
out tho great areas of subsidence 011 our map, as 
shown by the pale and dark blue tints,-namely, in 
the central parts of the Indian Ocean, in the China 
Mr.lIul't'ay (p. 781) regardJ thio reef .... lavouring hi. theory. NaT
rl.li,-e of ClwllmgM Voyage. p. 778.] 

'It ma,be"'ell heretosla1.elhatallthreef&onlbemap ... ere 
CIOloured eilherred or blue before Ihe '·~rmilion lpota and Itreaks, 
Ihowill81he po.itionol the active volcanoeand "oleanicchainl, 
... enoadded; and indeedbl.'fore I knew of lbe ni"enoeof M,·cral of 
them. 
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Sea, in the sea between the barriers of Australia and 
New Caledonia, in the Caroline, Mllrshall, Gilbert, and 
Low Archipclagoes,-is a very striking fIlet. So is the 
l)reSCnce of active volcanic vents and chains on or near 
many of the shores coloured red on our map, and which 
are fringed with reefs; for, as we IlIwejustseen, these 
fringed coasts have bc<!n recently upheaved in a large 
number of cases. Active volcanos likewise coincide 
with proofs of recent elevation on or ncar several 
other long lines of coast within the limits of our map, 
where there arc no reefs of !i"ing corals, and which 
consequently are not coloured re(l. It must be here 
remarked, with regard to the proofs of both subsi(ience 
and elevation, that I do not judge by the absence or pre
sence or Ilfl.ture of the coral·reefs round the volcanos 
thcmseh'csj for, as Dana repeatedly insists, the corals 
lIlay have been there destroyed or injured by tho heat 
or exhalations. Nor ha.ye I taken into account the 
presence of upraised organic remains on the flanks of 
the volcanos themselves. I judge from the position of 
tbe acti'"e \"OlClUlic vents in relation to neighbouring 
islands and coasts, situated at too great adislanoo for 
any corals growing there to be injured by the eruptions; 
and where, from the presenceoratoll.ronned or barrier
r~fs, or of upraised mari.no remains, we have reason 
to belic\'e that either subsidence or elevation has 
occurred within a. recent period. 

The following cases offer a few partial exeoptions to 
the rule that actil"e \"Olc!lnos arc situated at a distance 
from the areas or subsidence. 1'he Grent Comoro 
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bland lJrobably contains a. volcano, and it is only 
twenty miles distant from the barrier-reef of Mohilla. 
Ambil volcano, in tho PhilJippine Archipelago, is dis· 
tant only 8. little more than sixty miles Irom the atoll
formed AIJpoo reef: and there are two other volcanos 
on the mup within ninety miles of circles coloured 
bluE:. But there is not 8. single actiye yolcano within 
sol'eral hundroo miles ola group, even a small group, of 
ntolls; and it is clear that a. group of atolls, surmount
ing 8. number of islands now all sunk bencath the leyel 
of the sea, implies (L much greater amount of subsi
dence, than does a single atoll or a. single encircling 
barrier-reef. It is a. striking lact that two volcanos are 
known to haye been in recent adion in the Priendly 
AIchipelllp;o; and the islands haye here been formed 
by the recent elevation of 1\ grolt}J of atolls. Again, 
extinct craters I\nd well-preserved streams of lava occur 
on many of the encircled islands in the ])Ilcific, and 
these by our theory have subsided at no ,'ery remote 
period; but although thus plainly formed of yolcanic 
matter, they do not offer a single active volcano. In 
these cnses the volcanos seem to ha\'c como into action 
01' to have boon extinguished, in accordance with the 
latest mo\'emen!s or elevation or subsidence. 

Within the limits of our map, a.cth·e "OICo.n08 occur 
all or Dcar other coasts besides those which are fringed 
with reefs and coloured red; and some or those coasts 
are known to haye been upraised with in tho recent 
IJcriod. Thus Illlne shown in my Geological Obscrva
tions all S. Amcrica (18·16) that the whole western Ehol'e 
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of this great continent, for a. space of betWCf'1l 2,000 and 
8,000 miles south of the equator, has undergone an up
war(1 mO\'ement during the period of existing marine 
shells; and the A.udes here form the grllJldest \'olcllnic 
chain in the world, '1'he islands on the north-western 
bide of the Pacific, forming thtl second grandest volcanic 
chnin, nrc vcry imperfectly known j but Luzon, in the 
Ilhillippinefl, Ilnd the Loo Choo islands, have been re
cently elevated; and at Kamtschatka I there are exten
lih'e tertiary beds of modern date. '1'lIe co-existence 
ill other parts of the wocld, of aoli,'e ,'olcllnos with 
ullrail>C<l beds of a modern origin, will occur to every 
gt.'Ologist. NC\'ertheless, until it could be shown that 
\'olcanos were absent or inactive in subsiding llreas, 
the conclusion th!tt their distribution depended 011 the 
nature of the subterranean movements in progress, 
wOlllel have been hazardous, But now, viewing the 
nppended map, it may, I think, be considered as 
almo"t established, that volcanos are often prescnt ill 
the areas which have lately risen or are still rising, 
and nre invariably absent in those which have lately 
subsided or are still subsiding; and this, I think, is 
the most important generalisation to which the study 
of coral-reefs ha.s indirectly led mC,i 

Olt Ihe dimellsions and rciatit-e p<nitiQlI8 oj tile 

'~amtl;!', at Sedanka,in !at.li8°N. (Von lluch'. Dttcript. des 
hle.Ca"arie., p. oIG5)_ 

IWemayi"ftr from Ihis ru!e, that ata"yplace_bere ao old 
f"rmationoontaiu.inlenotratiJied hed.ooterupled maUer,the.urlaee 
01 Iheland or the bed of Ibeseaformed,elthe periodoferuptioD,a 
ri.,ng.alleaUDola .. ,b.iding&reL 
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subsiding areas on our map, as ilU/ieatl'd by the pre
seueeof (ilol.liJ (mdbarrie r-reifs; alld oft/Ie risillY or 'la
ti01wry areas, as kUOIt·" lty upraised org.:mic remain', 
or lnferml from the pre,enee of frill!Jilig-re!!fs.-The 
immense surfaces seen on the mall. which accord
illg to our theory, or from the plain evidence of up
raised remains, have undergone either a downward 
or upward change of level within a geologically late 
pel"iod, is a highly remarkable fact. The existence of 
continents shows that the areas which have been up
raised are immense. With respect to South A.merica 
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 progress, or has 
taken place quite recently. By our theory, it may 
Bafely be inferred that the areas which ha\·e lately sub
sided are likewise immense; or, judging from the earth
quakes now occasionally felt there, and from other ap
pearances, are still subsiding. The smallness of the 
scale of our map should not be overlooked; each square 
on it containing 810,000 square miles. ]f we take the 
space of ocean from Mill the southern end of the Low 
Archipelago to the northern end of the M!lrshall Archi
pelago,- a length of 4,500 miles, we see that. as far a.s 
known, every island, excepting Meti!t, is atoll-formed. 
'fhe eastern and western boundaries of our map are 
continents, and they are rising; the central areas of 
the grcat Indian and Pacific Oceans, are mostly sub
sidillg; between them, north of Australia, lies the most 
broken land on the globe, and there the rising parts 
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are surrounded and penetrated by arens of subsi(lenee; I 

so that the prevailing movements now in progress, seem 
to accord with the present state of the great terrestrial 
nn(1 oceanic divisions of the world. 

'f he blue spRces on the map are nearly all elongated; 
such as the great north and south line of atolls in the 
Indiall Ocean, the SIJfl.Ce between the barrier-reefs of 
Australia and New Caledonia, the Caroline Archi
pelago, &e. Whether adjoining elongated spaces, run_ 
ning in different direetions, have subsided by one com
mon movement, or i.ndependently of each other, we do 
not know. In the case of the Caroline and Mnrsball 
Archipelagoes, situated Ilear each other, but extending 
in different directions, it seems probable that they haxe 
subsided independently of each other; for the McAskill 
Islands,' lying towards the eastern end of the Caroline 
Archipelago. are formed of upraised coral-rock; and we 
thus sec that the abo"e two areas of subsidence ha"e 
Leen at Olle tillle interrupted by an MCa. of upheaval. 
The curved lille of clevation forllled by the Mariana 
Islands, seems to cross a former line of subsidence pro
longed from the Caroline Archipelago; for the island 
of Fais, apparently all t11)raised atoll, is situated nearly 
Itt the )Joint of intersection of the two lines. The 
sandwic-l..1 Archipelago is 530 miles in length, from 
Hawaii to the westernmOBt rocky islet, but is pro-

, ISU'I~tthatthe""rruan(l Timor.laut 18land~ prt'!leul an in. 
~luded .,nall .ru of .ub,idence, lih Ihat of the China !:lea; bUI I 
h .. enolvfuluredtooolourtlu!m blue,owillg10 Ihe..-anlof",meieul 
tnf"rmalion. Se6Appendil. 

, 0."., Coral. and Coral hlaods, p. 800. 
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longed by Ilumerous reefs to a point 2,000 miles dis
tant from Hawaii. 'fhe south-eastern end of this long 
lille is one of cleyation and of volcanic activity j 

whereas the north-western end, judging from the 
structure of the reefs, though these are imperfectly 
known, is one of subsidence.1 So tbat here we ap
parently ha"e opposite movements in progress towards 
the two cxtremitics of the same long line. The com
monest case sooms to be a tendency to alternation 
between the areas of subsidence and elcHl.tion, as 
if the sinking of onc had counterbalanced the rising 
of another. 

'fbe existence in many parts of the world of lofty 
table-land, pl"o'·es that large sUl"faces have been upraised 
in mass to a great height aoove the level of the sea j 
although in almost every country the highest points 
consist of upturned strata, or of erupted matter: and 
from the wide spaces over which atolls are scattered , 
although not one pinnacle of land now remains aoo'-e 
the ie\'el of the sea, we may conclude that immense 
areas 1111\"e subsided to an alllount sufficient to bury not 
only any formerly existing lofty table-land, but even the 
heights formed by fractured strata and erupted matter. 
'1'he effects left on the land by the later elevatory 
mowments, namely, successi,·ely rising cliffs, succes
sive lines of erosion, and great beds of shells and 
pebbles, aJlrequirillg time for their production, pro\'e 
that these movemcnts have been extremely slow. And 

Dana, Cor~18 Bnd Coral blands, pp. 3{)1, 355. See ~Iso DlJ 
Appendix. 
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with respect to the wholo amount of subsidence neces
sary to have produced the many atolls widely scattered 
over immense spaces, the movement, as already ShOWIl, 
must either havo been uniform and exceedingly slow, 
or effected by small steps sepnrated from eacb otber by 
iongintervaisoftime, so as to have allowed the reef-con
stfllcting polypifen to bring up their solid frameworks 
to the surface; and this is one of the most interesting 
conclusions to which we are led by the study of coral
formations. We !tM'O little m('ans of judging whether 
many considerable oscillations of level have usually 
occurred during the elevation of large areas; but we 
kno\\' from clear geological evidence, such as trees still 
standing upright at succe~sive levels and covered hy 
marine strata, that this has frequently been the case; 
and we have seen on our map. that some of the same 
islands after having subsided, have been uprnised; fllld 
that others after having been uplifted, havo subsided . 
We may therefore conclude that the subterranean 
changes which cause some areas to rise and others to 
sink, htl.Ye generally acted in a closely similar manner. 

RfrupituilltiOfl_-In the three first chapters, the 
principal kinds of coral-reefll were described in (letail, 
and they were found to differ little, as far as rclates 
to the aetual surface of the reef. An awll differs !rom 
an encircling barrier-reef only in the absence of land 
within its central expanse; and 1\ barrier-rCf!f differa 
froU) a fringing-reef only in ooing lliaced, rclatively 
to the probable inclination of jta subma.rine foundation, 
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at 0. much greater distnnce Crom the land, and in 
the presence of n. deep lagoon-like 6I>IlCO within the 
reef. In tho {olUth chapter the growing powers of tbo 
reef-constructing polypifcrs were (liscusscd; nuel it was 

shown that they calluot flourish beneath II. Ycry limited 
depth. In accordance with this limit, there is no diffi
culty respecting the Coundation on which flo Cringing
reef is based; whereas, with barrier-rods and atolls, 
there is the greatest dift1culty on this hend i-in bar
rier-reefs from the improbability of rock or banks of 
sediment having extended, in every instance. so far 
seaward within ~be required depth i-and in atolls, 
from the immen8i~y or the spaces over which they are 
interspersed, and the apparent necessity {or believing 
that they are all based on lllonntain-fHllllmits, whicb, 
although rising ycry ncar to the surface of the sea, ill 
no ono instance rise above it. To escape this lattcr 
admission, which implies the existence of submarine 
chains of mountains of Il.irnostexactly the same height 
extending over many thousand squllre miles, there is 
but one alternative; namely, the prolonged subsidence 
of the foundations on which tho atolls first became 
attached, together with the upward growth of the 
roof.constructing corals. On this "iew every difficulty 
vanishes: fringing-reeCs are thus easily converted into 
lmrrier-reefs; Ilnd barrier-reefs into atolls, IlS soon as 
the last pinnacle of land sinks beneath the sndaee of 
the SOil. , 

The wall-like structure on the inner sides of atolls 
and barrier-reels-the basin or ring-like shape of the 
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marginal Ilml central reefs in the ).Jaldiva. atolls-the 
union of some atolls as if by a. ribbon-tho apparent 
disscyermentof others-the ordinary outline of groups 
of atolls fl.nd their forms-are all thus eXlllained. We 
thus underetaml the occurrence in both atolls and 
barrier-recfs of portions, or of the whole, in a. dead and 
submcrged condition, though still retaining theoutIine 
of a living reef. l 'be existence of breaches through 
barrier-reefs in front of valleys, though scparatcd from 
them by wido spaces of deep water, can be similarly ex
plained. It confirms our theory that wo find the two 
kinds of reers formed through sllbsidence generaUy situ
ated ncar each other and at a. distance from the spaces 
where fringing-reers abound. On searching for other 
e\-idence oC the movements assumed by the theory, 
we find marks of change in atolls and in bnrrier-reefs, 
and of subterranean disturbances beneath them; but 
from the nature of things, it is scarcely possible to 
find direct proofs of subsidence, although some Ilppear
auces are strongly in ravour or it. On the fringed 
coasts, boweyer, the frequent presence of upraised 
marine remains belonging to a recent epoch, plainly 
shows that these coasts have been lately elemted . 

Finally, when the two great types or structure, 
namely barrier-reefs and atolls on the one hand, 
and fringing-reefs on the other, are laid down on a. 
map, they offer a. grand nnci harmonious picture of 
the movements which the crust of the eartb has 
tmdergone within a late period. We there soo ,Rst 
areas rising, with volcanic matter every now and then 
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bursting forlh. We sec other wide spaces sinking with 
out ally volcanic outbursts; and we may feel sure that 
the movement has been so slow as to have allowed the 
corals to grow up to the surface, and 60 widclyextendcd 
as to have bw·jed over the broad face of thE: ocean 
everyone of those mountains, above which the atolls 
now stand like monuments, marking the place of their 
burial. 
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APPENDIX [1.1 

A DETAILED DESCRIPTIO:\" OF THE REEl-'S A~D ISL.\NDS 
IN THE COLOURED MAP, 1'w.T.I 1II. 

I s tllll beginning of lue last chapter I statoo the principles 
on which tho map has been coloured. There only remains 
to be said, that it is an exact eopyol ono by M. C. Greasier, 
publishoo by tuo DepOt G6neral do 180 Marino, in 183;;, 
The IlBmu have been altered into English, and the longi. 
tude has been reduced to that of Greenwich. The colours 
were first laiu dowlI 011 accurate charts. 011 a large scale. 
The data, 011 which the volcanOB historically known to 
have been in action, have been marked with vermilion, 
WHe given in a note to the last ellapter. I will commellce 
my description on the eastern side of the map, and will 
describe eooh group of islands consecutively, proceeding 
westward acrosa the Pacific and Indian Oceans, ami ending 
with tho Weat indies. 

Tho WEsTf:ns SHORES OP AlIEniCA appear to be 
entirely without coral-reefs: south of the equator the sun·ey 
of the BelUJle , and north of it the publishe<l charts show 
that this is tho caso. EYen in tho Bay or Panama, where 
corals flourish, there are no true coral-reefs, as I havo been 
informed by Mr. Lloyd. There ure no coral.reefs ill the 
Galflpago! arcllipelago, 81.1 I know from personal inspection; 
and I belioyo thero are none on tho COCO!, Rcvilla·uigedo, 
sud otllcr ncighbouring islands. Olipptrto'l' rock, 10" N., 

'J;n<loubtedlyan atoU,aeeording toSirJ.llelcher·lchlrl._ 
C.ptainWharton.) 
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109° W., from a drawing appended to a. MS. plan in the 
Admiralty, does not appear to be nn atoll, but Sir E. 
Belcher (\'oyage round the World, \'01. i. 1848, p. 255) 
speaks of it aa of coral-formation. with deep wllter within 
Vie lagoon; left uncoloured. Tbe eastern part of the 
Pacific llresente an enormous area wiUlOut any islands, 
except Ea8ur and Gamu, which do not appear 'to be Bur· 
roufl(lcd by Teeu, 

Till:: Low OR PAUMOTU ARCIUPEr..,\,GO.-Thia group 
cOllsists of aoout SO atolls: it would be quito superfluous 
to refer to descriptions of each. 111 D'Urvillo and Lottin's 
chart, one island (lVolchmuky) is written with a capital 
lelter, aignifyillg, as explained in a (omler chapter, that it 
is .. high island; but thia must be a mistake, Il!J the orginal 
chart by Bellingshausen shows that it is a truo atoll. 
Captain Beechey says of the 82 grollpll which he examined 
(of the greater number of which I hll,\'e 8C(!n beautiful MS. 
charta in the Admiralty), Ula~ 20 now contain lagoons, and 
ho belie"e& the other three orginally did so. Bcllingshausen 
(see all account of this Russia.n "oyage, in the J3iblioth. des 
Voyages, 18~H, p. 413) says that tho 17 islauds which be 
discO"cred resembled each other in structure, and he has 
gi"en charts Oil a largo sC8.lo of all of them. Kotzebue bas 
gi"ell plans of several; Cook and Bligh mention others; a 
few were seen during the voysge of the Beagle; and notices 
of oilier atolls 8.re IIC9.ttered through several publications. 
The Actaon group in this archipelago bas latcly been dis· 
covered (Geograph. Journ., vol. vii. p. 46-1); it consists of 
three small and low islets, one of which hIlS a lagoon. 
Another lagoon.island Illls been diacO"crcd (Na.ut. Mag. 
1880, I)' 770) in 22 0 4' S. and 1860 20' W. Dana, in his 
work on Corals and Coral Islands, gi\'oa a full account of 
this archipelago. Towards the S.E. thero are somo islands 
of a dilTorellt nature; Elizabeth lslall(l is described by 
Deochcy (p. 46, 4to edit.) as fringed by roefs, at the distanee 
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of between two ami three hundred yarde: coloured red. 
Pitcairn Island, in the immediate neighbourhood, according 
to the aame authority, has no reefs of any kind, although 
numerou8 pieces of coral are throvm. up on the beach; the 
sea clo8e to its ~hore is very deep (see Zoo!. of Booehey's 
\'oyage, p. 16.0 j left uncoloured. Gat/wier Islands (see 
1)late I. fig. 8) are encircled by a barrier.reef; the greatest 
depth withill is 88 fathoms; coloured palll blue. Metia or 
Aurora lslall(Ilie8 N.E. of Tahiti, close to the large spaee 
coloured dark blue in the map; it has been already de
scribed &8 an upraieed atoll; as it is said by Captain Wilkes 
(~.rmti\"e of U.S. Elploring Expedition, '·01. i. p. 387) to 
be surroUll(led by fringing. reefs, in olle I)art {';OO feet in 
width, it has been coloured red. But 1 must remind the 
reader or the discussion in the sixth cilapter. showing that 
if an upraised atoll were to subside again, the reef would 
probably retain for a long time or for (Wer, its fringing 
character, owing to the steepness oCthe Bubmarine Ilanks. 

The SOCU-:TV AIICIJII'ELAOO is separated by a narrow 
Bpace from the Low Archipelago; ami in their parallel 
direction they manifest some relation to cach other. I 
have already described the general charaeter of the reefs 
of these encircled islands. In the atlas of the Coquilk" 
\"oyage there is a good general chari of tho group, and 
eeparate plan. or &orne of the islands. Tahiti, Ule largest 
islalld in the group, is almost surrounded, as soon ill Cook's 
chart, by 110 rcof (rom half a mile to a mile and a half [rom 
the shore, with Crom 10 to 80 fathoms within it. Some 
considemble Bubmerged reefs, lying parallel to the ahore, 
with a broad alld deep space within, haye late\y been dis. 
covered on the N.B. coast of the islWld, (Naut. Mag. 1886, 
p. 261,) where none are laid down by Cook. AtEimeothe 
reef, ' which like a ring surrounds it, is in some places one 
or two miles distant from the shore, in others united to 
thebcach' (Ellis, Polynesian Researches, yol. i. p.18,12mo. 
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edit.). Cook found deep water (20 fathoms) iUlOme of the 
harbours within the reef. Mr. Oouthouy, howover, states 
(Heruarks, p. 45) t1mt both at Talliti and Eimoo, the spaee 
ootweell the barrier-roof and the allOre has been almost 
filled up,-' a nearly continuous fringing-reet surrounding 
the island, and ,-arying from a few yards to rather moro 
than a mile in width, the lagoons merely forming canals 
betwoon this and the sea-reef,' tlmt is the barner-reef. 
Tapmna"oa is ~urrounded by a roof at a considers.ble 
distance from the sllOre; from the islcUl(l being snmll, 
it is breached, /I.B I am illformed by the Ho\,. W. Ellis, 
oilly by a. narrow and crooked boat-chanllel. This is the 
lowest island in the group, its height probably not ex
c(!(!(ling 600 foot. A Iitlle way north of Tahiti, tbe low 
coral isleta of Tduroo are situated; from the description of 
them giwn me by the Hev. J. Williams (the author of tbe 
Narrative of Missionary Enterprise), I sllould ha\'e thought 
that they fonned a small atoll, and likewise from the de· 
scription given by the Uev. D. Tyerman all(l G. Bennett 
(Journ.orroy. and Travels, yol. i. p. 188), who say that ten 
low coral islets' aro comprehended within 0110 general reef, 
and separated from each other by interjaeent lagoons;' but 
as Mr. Stutehbury (\rest of England Journal, vol. i. p. 6-1) 
describes it as consisting of a more narrow ridge, I haye 
left it uncoloured. Maitell, oastward of the group, is classed 
by l<'or~ler as a high encircled island j but from the account 
given by the Hev. D, Tyennanand G. Bennottt'·ol. i. p. 57) 
it appears to be 8.11 exceedingly abrupt cOile risiug (rom 
the sea without any r«!f; left uncoloured. It would be 
superfluous to describe the northern islands in this group, 
lUI they may be well seen in the chart. accompanying the 
<lW. edition of Cook's \'oyages, and in the atlas of the 
Coquilw" \'oyage. JIallrua is the only one of the northern 
islands in whicll tlul water within the reef is not deep, being 
only 4) fathoms j but the great width of the reef, stretc,hing 
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three miles and a. halC southward at the lamI (which is 
represented ill the drawing in tIle atlas oC the Coquilk'$ 
\'oyage as deseending abruptly to the water), ahows, OD the 
principle e,;plailled in the beginning of the lut chapter, 
that it belollgs to the barrier dRSS. I may here mention, 
fro m infonnation communicated to me by the Rev. W. 
Ellis. that on the N.E. aide of Htla"~jIUJ thero is 0. bank of 
sand, about a. quarter of a mile wide, extending llaraliel to 
the shore, and separated from it by all extensive IIlId deep 
lsgoon: tbia bank ot BlInd rests on coral.rock, which nn· 
doubtedly WIIS once a living reef. North of Bolabola. lies 
the lltoll of Toubai (Moton-iti of the COfJllill~" atlaa). which 
is coloured (lark blue; all the islands which are surrounded 
by barrier-reel's are coloured palo bluo: three oC them are 
represented in figures 8, 4, alld 6, in Plate I. There are 
three low coral.groups lying a little W. of tbe Society 
Arehipdago, alld almost torming part of it, lIomely, Bell
ing$lIall.~elf, which is said by Kotzeb\le (Second Voyage, 
"01. ii. p. 2;';1)} to be a lagoon.island ; MO)leha, which Crom 
Cook's deserilltion (Second Voyage, book iii. chap. i.) no 
doubt is an atoll; and the Scilly Islands. wllich lire said 
by Wallis (\'oyage, chap. ix.) to Corm a !}roll)l of lew islets 
and shoals. and which, therefore, probably compose an 
atoll: the two former ha"e been coloured blue. but not the 
latter. 

lh:sD.ua all MAlIQl.'ESAS Gnocp.-These iRlands are 
almo~t entirely destitute of reefs, as may be seen in 
lirusensten)'s AUatI, making a remo.rknble contrast with 
the adjacent group of the Society blands. lIr. P . D. 
Dennctt has giYCll some acoount of this group, in the 
Be"enth volume of the Goograph. Journ. He informs me 
that 0.11 the islands have the same general c.baracter. and 
that the water is Yery deep close to their shores. lie 
visited three of them. namely, Dominic/ma, Cllri'tiana. 
and Roopoa. their beaches are strewed with rounded masses 
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of coral, nnll although no regular rf!e(s exist, yet tlla shore 
is in many places lined by coral rock, 60 that a boat 
grounds on this formation. Hence these islands ought 
perhaps to come within the claS9 of fringed islands and be 
coloured red; but as I am determined to err on the cautious 
side,] ha'-c left them uncoloured. Dana infers (Corals 
and Coral Islands, p. 826). from Ulcir ateepness and deeply 
indented outlino, that they have subsided. 

CooK on HARVEY ASD AUSTRAL lsLl.:ms.-Palmer8ton 
Island is minutely described as all !\toll by Captain Cook 
during his voyage in 1774; it is coloured blue. Aitlttaki 
was partially sun-eyed by the Btagu (see map ~eompany
ing Voyages of Adt-enlure and Bt(l/ju); the land is hilly, 
sloping gently to the beach; the highest poiut is 800 feet; 
on the southem side, the reef projects five miles from the 
land: 01I this point the BMlJu found no bottom with 270 
(aihoma: the reef is !u""ounted by many low coral-islets. 
I am informed by the Hev. J. Williams, that within the 
reef the waler is e~ceedingly shallow, llot being more than 
a few feet deep; Ull\·erlheless, from the great e~tension of 
the reef into a profoundly deep ocean, this island probably 
belongs, on the principle lately aih·erted to, to the barrier 
class, and 1 have coloured it pale blue, although with mnch 
hesitntiou.-J{ammai Or Haney Island; the highest point 
is about 00 feet; the Hev. J. Williams informs me tha' 
although the reef lies (ar from the shore, it is lese distant 
than at Aitutaki, hut the water within the reef is rather 
deeper; I have likewise coloured this islan<1 paie blue, but 
with many doubts.-Round Mitiaro Island, as I am in
formed by Mr. Williams, the reel is attached to the shore j 
coloured red.-Mauki, or Maouti; the red round this 
island (under the name of Parry bland in the Voyage of 
H.M.S. Blonde, p. 200) is described as a coral flat, only 
60 yards wide, and two feet under water. This statement 
has been corroborated by Mr. Williams, who calls the reef 
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attached; coloured red.-Atilt, or Wateeo: 0. moderately 
ele\'ated, hilly island, like lhe others of the group; the 
reef is described in Cook's Voyage as attached to the ahore, 
and about ]00 yarda wide; coloured red.-FtMua.iti: 
Cook describes this isl&nd as ,ery low, not more than six 
or seven foot in height (vol. i. book ii. chap. iii. 1777); in 
the chart published in the Coquille', atias, a recf is en. 
graved cloee to the shore: this island ia not mentioned in 
the list given by Mr. Williams (p. 16) in tile Narratil'e of 
Missionary Enterprise; nature doubtful; but as it lies so 
near Aliu, it has been unal'oidably coloured red.-Raro. 
tt»l!}a: Mr. Williams informs me that. this is a lofty 
basaltic i!llsnd, with an attached reef; coloured rcd.
There are lhree other islands, ROllrouti, Ro:rburflh, and 
Hull, of which I ha,,'e not been able to obtain allY account, 
and luweleft them uncoloured. Hllillsiand, in the French 
chart, is wriUen with small lctters as being low.
Yangaia: heigllt about BOO feet; 'the Burroumlillg roof 
joins the shoro' (Williams's Narrative, 1>.18) ; coloured red. 
-Rime/ara: AIr. Williams iuforms mo that the reef is 
rather dOlle t.o the shore; but, from information given me 
by Mr. Ellis, the reef does not appear to be quito fKI closely 
attached to it as in tho foregoing-cases: the islan(i is about 
800 feet high (Naut. Mag. 1889, p. 788); coloured red.
Rurutu: Mr. Williams and Mr. Ellis inform me tllat this 
island hu all attached reef; coloured red. It is described 
by Cook unuer the name of Oheteroa.: he says it is not 
surrounded like lhe neighbouring islands, by a roof; but 
ho must mean 0. distant reel.-Toubouai; in Cook's chart 
(Second Voyage, \'01. ii, p. 2) the reeC is laid uown in a 
part at ~hc distance of one mile, and in another part at the 
distance of two miles from the shore; Mr. Ellis (1'olynes. 
Res. vol. iii. p. 881) says the low land round the bllse of 
tho island is very (:l\tellsil'e; and this gentleman inlorms 
me that tho water within the roof appears doop; coloured 
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blue.-Raimit'lli, or Vi\-itao: Mr. Williams informs me 
tllat the red ill here diatallt from tho shore; Mr. Ellis, 
however, says Ula!. this is certainly not the case Oll one 
side of the island; and he belie\'(!fJ that the water within 
the red i.!I 1l0~ deep; henee I have left. it uncoloured.
LancaJur Reel, described in NailL Mag. 1888 (p. 693), as 
an extensi\-e cre!ICent·(onned coral.reef, has not been 
ooloured.-Rapa, or Oparree; (rom the accounts gi,en of 
it by Ellis and \ 'anoou\'cr, tllere doee not appear to be any 
reef.-I. d~ Bau i8 an adjoining island, or which I cannot. 
find any aeeount.- Kemi1l hlAlld: Krusenstem seems 
bardly to know its position, alld gi,-c8 no further par
ticulars. 

I SI.A:SDS BETWEEN 1M Low and Gilbert Al'chipelag~l. 

Caroli,UJ Island (10° S., IIjQO w.) is deliCribed by Mr. 
F . D. Bennett (Oeogrnph. Journ. "01. vii. p. 2213) lUI COll 

taining a fineitlgoon; eolollre<lblue. Westward oC Caroline 
IsitUld, " email Ingoon-islan(1 is dcseribe<1 in the U.S. 
E xploring gxpeditioll inlnt. 10° S. and 1620 22'W. long.; 
coloure<1 blue.-Flint Island (U O S. , 161° W.): Krusen
stcm belie\'cs t.hat it is the BO.me with Peregrin(), which is 
described by Quiros (Hunley's ehron. lI iRt. YOI. ii. p. 288) 
as • a clusu,r of small islllm1B conneete<1 by a reef, and 
fonnillg a lagoon in t.he middlo; , coloure<1 blue.-1Voltock 
is an island a litlle more than half a mile in diameter, and 
apparently quite fiat amI low, di800"crod by Bellingshausen; 
it ill situated a little Wellt of Caroline ls1a.nd, but it ill not 
place<1 on the French charts; I haye Dot coloured it, 
although I entertain little doubt, Crom tbe chart. of Bellings
hausen, tba\ it originally contained a small lagoon.-Pen
f'hyn Island (()" S., l6ijo \\'.): a plan in the alias or the 
F irst Voyage of Kotzebue, showl! that it is an atoll, which 
according to Wilkes (U.S. Exploring Expedition, "01. iv. 
p. 2i7) is nine miles in length; coloured blue.-Starbuck 
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Island (Go S., Hi6° W.) ia described in Byron'a Voyage in 
tIle Bloluie (p. 200) aa (onned of a. flat coral·rock, with no 
troea; tIle height notgivon ; not colourcd.-Malde" Islund' 
(10 S., 15.t° W.): in the sume Voyago (po 20G) this i~lll.nd 
is said to be of coral formation, and no part above 40 foot 
high; Iha"e not ventured to colour it, although from being 
oC coral formation, it is probably fringed; in wllich case it 
ahould be red.-Jan·i" or Bunker Island (O" 20' S., 100" 
W.) is dellCribed by Mr. F. D. Bennett (Geogrnph. Joum. 
"01. vii. p. 22i) as a narrow, low strip oC eoml formation; 
not coloured.-Brook is a. small, low island between the two 
Ill.ttcr; ita position, ana l'erhll.l'B evon existence is doubtful; 
not coloured.-Pucado all(l llumphre!J Islanaa: I can find 
out nothing about these islands, except that the latter ap
pears to be l!lllaU and low; not coloured.-RtarwII, or Grand 
Duke Alexander's (100 S .• 1010 W.): an atoll, of which a 
plan is gh'en by Bellingshau&ClI; blue.-Soul"oroff Islands 
(ISo S., H33° W.): Admirnl I';:ruscnatcm, in the most 
obliging manner, obto.illO(l for me an account ot tllose islands 
from Admiral Lazareff, who discovered them. They COII

.i~toC fi,·o Yery low islands of cornl formation, two of which 
are C()lweet.ed by a reef, with deep water close to it. They 
do not surround a lagoon, but are so placed that a line 
drawn througb them inchl(les all Ol'RI space, lJart or which 
is slmllow; these islets, therefore, probably once (as is the 
case with some of the islands in the Caroline Arcllipelago) 
formed 0. Bingle atoll 2; but I have llot coloured them.
n,wqtr blaud (100 S., 1600 W.) : described as low by 
Commodore Byron, and Illore lately sun'eyed by Bellings_ 
hausen; it is a small atoll with three isle18 on it; blue.~ 
C14nnulsland (9' S., li2°W.): discovered in tho Pandora 
(G. TIamilton's Voyage, p. 75): it is said,' In running along 
the land, we saw severnl calloeB crossing the laqOOll3 ;' as 

, [Starbuck and MaWm bland. are fr'nged.-Capia'n Wharton.] 
• :Suveroffia a oompleleatoll (Frellchchartj_.Calllain Whartoll.] 
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this isilUld is in the close vicinity of oUler low islands, and 
as it is said that the natives make resen'oirs of water in 
old cocoa-llut trees (which shows the nature of the land). I 
have no aoubt it is an atoll, Rnd IUll"o eoloured it blue.
York Island (8° S., 1720 W.) is described by Commodore 
Byron (chap: :to of his Voyage) as all atoll; blllc.-Sydncy 
Island (4° S., 1720 W.J is about three miles in diameter, with 
its intcrioroccupie(l by a lagoon (Captain Tromelin, Annal. 
Marit. 1829, p. 297) j coloured blue.-Hulllslsnd is situ
ated GO miles to the west of Sydney Isl~1Jld, IUl(l is described 
by 'Vilkcs (U.S. EX}lioring Expedition, vol. iii. p. BGO) as a 
lagoon-island; coloured blue.-Phanix Island (4° S., 171 0 

W.) is Dearly circular, low, salldy, not moretllsn two miles 
in diameter, and very steep outside (1'romelin, Annal. :Marit. 
1820, p. 207): it may be inferred that this island originally 
contained a lagoon, but I have not coloured it.-Kel!! Nan. 
tucket (0" I,, ' ~., 1710 W.): from the Frenchcharl it Inust 
be a low island; I call find nothing more about it, or about 
Mary Island; both ullooloured.-Gardncr Is.lwld (6° S ., 
1740 W.), from its position, is certainly the SRllle as Kemill 
Island, and is described (Krusenstem, p. 485, Appen. to 
:Melli. published 1827) as having a lagoon in its centre; 
coloured blue. 

I SLANDS SOUTH of Ow Salldwwh Archipelago. 

Christma8lsiaml (2° N., li'l7° W.): Captain Cook, in his 
Third Voyage (vol. ii. chap. :t.), has given a detailed account 
of this atoll. The breadth of the islets 011 the reef is un· 
usually great, a.nd the sea. near it does not deepell so sud· 
denly as is gcnerally the case. It has more ldely been 
visited by:Mr. F. D. Bennett· (Geograpll. Journ. vol. vii. 
p. 226); and he assures me that it is low and of cora.l 
formation: I particularly mention this, because it is en· 
gra.ved with a capital lotter, signifying a high island, in 
D'Urville and Lottin's chart. Mr. Couthouy, !loiso, has 
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given Borne account of it (Remarks, p. (6) from the 
Hawaiian Spectator; ho believes it has lately undergono a 
small elevation, but his evidence does not appear to me 
8ati~faetory; Ule deepest part of Ule lagoon is Mid to be 
only ten feet; nevertheless, I have coloured it blue.-Fan
'liW; lsland(4° N., 1580 W.),acoordingto Captaill Tromelin 
(Ann. r,{nritim. 1820, p. 288), is an atoll: his account, a9 
obllllrvoo by l\rusenst.em, differs from that given in Fan· 
ning's Voysge (p. 224), which, however, is far from cloar; 
coloured blue.-Wa"lIi,'!fto", Islsnd (lO N., 1590 W.) is en
grB\'oo as alow island in J)'Un-illo's chart, but is aescribed 
by Fanning (p. 226) as ha\"illg a much greater elevation tbnn 
Fanning Island, and honce I pr;)sume it is not all atoll; 
notcoloured.-Palmyra Island (Go N., 1620 W.) is an atoll 
divided into two parts (Krusenstern's Mem. SUPI)!. p. 50, 
also }'anning's Voyage, p. 288); blue.-Smyth.'$, or John· 
ston's Islands (17 0 N., 170" W.): Captain Smyth, R.N., 
haa had the kindness to infonn me that they consist of two 
wry low small islands, with a dangerow reef off the eMi 
end of them; Capt.e.i.n Smyth docs 'not recollect whether 
tlh$ islets, together with the roef, surrounded a lagoon; 
uncoloured. 

!)ASDWICH AllclIU'ELAGO.- Hawaii: in the chart in 
Freyeiuot's Atlas small portions of the const are fringed 
0)" reefs; and in Ole accompanying Hydrog. Memoir, roofs 
~ mentioned in several places, and the coral is f!ll.id to 
injure the eables; but Dana. saw hardly any reors here.1 

, ·!'rof. Dana, noticin8lhil remark in Silliman', Amer. Jour., Dee. 
!KH,.u.tutherelultoffurlherenquiriclouhi.p.a.l1fromtheUel·. 
Yr. M'Coan,ion8 a. residen~olllilo:- 'With re"pea to your enquiry 
.l:.eth~r then is an,. elevated ooraJ.reef rock 'round the ~holl!ll of 
Ha .. ii.l.ollldreplytbatllh.inknoi._ .. lIonolullI,on the ioland of 
Oahu. is bniltmuehof i~upou theelevaled eoral.lftfrock,an<llhcre 
lrelargeareasinlhedilirictofWaianaandolherpol1iooBofthe Oahu 
.bors: but therei. nothing of thiB kind on Haw,:ii. YoullfOllware 
IhateoraIB,el'enun<lcr the water, lire on Ihewcather[euternllido 
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On ono side of the islet of Kohaihai there is 8 bank oC 
sand and coral wiUI fh·e feet ofwator on it, rWlning parallel 
to the shoro, and leaving a channel of about fifteen feet 
deep within. I haye coloured this island red, but it is 
very much leas perfectly fringed than others of the group. 
-Malli: in Froycinet's chart of the anchorage of Raheina, 
two Or throo miles of coast are seen to be fringed; aud in 
tho IIydrog. Memoir' banks of coroJ along shoro' arc 
spoken of. Mr. F. D. Bennett infonns mo that the reels, 
on an average, extend about a quarter of II. milo from the 
beach i tho laud is not very steep, and outside the reels the 
sea docs not become suddenly deep; coloured red.-Morotoi, 
I presume, is fringed: Freycinet speaka of the breakers 
extending aloug the shore at a littlo diHtance from it. 
Prom lhe chart. I believe it is fringed; coloured red.-Oahu : 
Freycinet, in his Hydrog. Memoir, mentions some reel's. 
Mr. F. D. 13C1mett intonns 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 tho llloutli of a valley ; 
red.-Atooi, in La Poyrouse's charts, is reproscnted as 
fringed by a reef, in the same mannor as Oahu and 
Morotoi; and this, I am informed by :\Ir. Ellis, is of coral
formation on part at least of tho shore; the roof docs not 
leave a deep channel within; re<l.-ChlUhow: Mr. E llis 
believes lIlat this island is also fringed by a coral-reeC: 
considering its close prorimity to the other islands. I have 
ventured to colour it red. I have in vain consulted tile works 
of Cook, Vancouver, La PeyroUlle, and Lisiansky for any 
satisfactory account of the small islands alld reels which lie 
scattered in 8 N.W. line prolonged Cor a great distance from 
the Sandwich group, and henee have lcft them uncoloured, 
with olle excelllion; for I am indebted to Mr. F. D. Bennett 
for informing me oC an atoll-fonnod reef, in lat. 28g 22' N., 

of thi.- i. land not .bundant.' In Ihe N.rn.tin of the C1udk1l9ff 
Val. (p. GW) reef. ue mentioned .. oocnrril18.t Ilonolulu.J 
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101lg. 1780 80' W., on which the Okd,tanu waa wrecked 
in 1837. It is apparently oC large size, and extends ill a. 
N.\\". alld S.E. line: vcry Cew islets have OOcn fonned Oll it. 
The lagoon 8OOm8 to be shallow; at least, the deepest part 
which \\"11.9 8ul"'.eyOO was only three fathoms. Mr. Couthouy 
(Remarks, p. 88) dcscribes this island under the lIame oC 
Ocean Island. Considerable doubts should be entertained 
regarding the IlRture of a roof of this kind, with a very 
shallow lagoon, and standing far from any other atoll, on 
acooulltof tho possibility of a crawr or fiatballk of rock 
lying at the prOI)Cr depth beneath the surface of the water, 
ba\-1ng afforded. a foundation for a ring-fonned coral
reef. I have, howe,·er, thought myself compelled, from 
iis large sizo alld symmetrical oulline, to oolour it blue. 
Some inConnalion IUld referenees are gh·en by DlUla (Corals 
and Coral Islands, pp. 324, 3(5) with respect to the reeCs 
and i~lets extending for 2,000 miles in a N.W. line from 
lIawaii. 

SAIdO.\ on NAVIOATOl\ GRoup.-Kotzebue, in his 
Secon<l Voyage, contrasts these isilUld8 with many others 
in tho Pacific, in 110t having harbours for shillS, formed by 
distantooral ·recfs. The Rev. J. William8, however, infonns 
ml' that coral. reefs do occur in irregular patche8 on the 
shores; but that they do notform a oontinuous band as round 
llallgaia, and other such perfeet cases of fringed islands. 
From the chart8 accompanying La !)eyrouse's Voyage, it 
appears that tho north shore of Savaii, MaoUlUl, Orwenga, 
Illd .lEmma are Cringed by reefs. La Peyrouse, speaking 
of llsouna (p. 126), says that the coral· reef surrouudingit8 
shores almo~t touehes the beach, and is breached in front 
of the liUle oo\·es aud strea.ms, forming passages for canoes, 
Bud probably even for boa.ts. Further on (p. 160) he ex
~nrls the same obser .. ation to all the islands which he 
visitoo.-llr. Williams in his Narrative, speaks or a reef 
going roun(la small island attached to Oyolat·a, and retum-
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ing agllin to it; all these islands have beell coloured red.
A dlaft of ROle Island, at the e:drome [east] end of the 
group, is giren by Frcycinct, from which 1 should haye 
thought that it llad boon 1m atoll; I but acconling to Mr. 
Couthouy (Remarks, p. 48) i t consists of a rool, only a 
league in circuit. surmounted by a vcry fow low islet.s; the 
lagoon is yery shallow, and ill strewed wilh numerous large 
boulders of volcanic rock. This island, therefore, probably 
cOllsistsol a bankofrock, aCcw feet submerged, with the outer 
margin fringed witll reefs; hence it Cllllnot be properly 
clRssed with atolls, ill which, as we h/we rC1UI01l to belie\'c, 
tho foundatiOllS always lie at a depth greater tllan that at 
whidl tllereef.construeting polypifers clm live; not coloured. 

Bereridge Roof, 2QO S., 1670 W., is described in UU~ 

Naill. ~llIg. (May 1888, p. 442) as ten miles long in a N. 
and S. line. and eight wide; , in the inside of the red, there 
appeartl deep water;' there is 0. passage near Ule S. W. 
conler: this therefore seems to be a submerged atoll, ana 
is colonred blue. 

SatJagIJ Isla.nd. 10° S., 170° W., has been described by 
Cook and Forster. The yowlger FOrflter ("01. ii. p. 1(8) 
says it is about ,10 feet bigh: he SUJlpects that it contains 
II. low plain, which fonnerly was the lagoon. The Rev. J. 
Williams gives 100 feet as its height, and he informs mo 
thRt the reer [ringing its shores rescmblcs that round 
~1Bngaia; coloured red. 

FlII~:IiDLY ARCIIII>ELAGO.-Pyl!taart Island: judging 
rrom the chart in Freycinet's Atlas I rihould have supposed 
that it had been regularly fringed; but ILl nothing is saia in 
the Hydrog. Memoir (or in the Voyage of Tasman, the dis-

''lt i.analoll.-Cal'l. "fluton. Roaelaiand h .. a lagoon six 
10 h"eh-" fathom. dMp and &n eotranetl 10 it 01 four fathom ... 
EXe('llttwo~m&1l b&nk"onc.upporting a group 01 tr(leB, itis under 
wat~r at high tide.-Letter from l'rol. DaDa. 100 Mr. Darwin, July 21, 
18H.1 
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c(werer) about coral·reels, I hM-e lell. it unooloured.
Tongatabou: in Ole sUIl.!! of the Voyage of the Astrolabe, 
the whole south Bide of the island is represented Il.!! 
narrowly fringed by the 88.IIle reef which Corms all extell
si,-e plllolCorm on the northern side. The origin of this 
latter reef, which might have been mistaken Cor a barrier
reef, has already been attempted to be explained, when 
gi,-iIlR the proofs of tlle recent ele\'ntiOll ot this i~lalld.-In 
Cook's charts the little outlying island of Eoaige~ is rallre
aen~1 liS fringed; coloure{l red.-EOtta; 1 cannot make 
out from Captain Cook's charts and dcscriptions that this 
island has any red, although the bottom of tho nl'ighbour
ing sea. IW){!ms to be oo\'ercd with corals. amI the island 
ilseIris fonned or coral-rock. Forster, however. distinctly 
(Observiltions, p. H) classes it \\;t!l the high islands 
ha\;llg reefs, but it certainly is !lot encircled by 0. barrier
reef; and the younger Forster (Voyage, \'01. i. p .. 120) says, 
that' n bad oC coral rocks Burrounde<l the c088t towards the 
ISllding-place.' I have therefore cla~~ed it with the fringed 
i.~la!l{lg, and coloured it red. Dana also shows (Corals and 
Coral Islands, p. 387) that most oC the i~ltUl(1!I of this group 
arc Cormed of upraised coral·rock. The se\'eral islands 
lying X.W. of Tongatabou, namely Allamouk4, KonUHl9'O, 
Kotml, Lt/0l19'4, Foa, kc., are soon i.n Captain Cook's chart. 
to be fringed by reefs. anti several of them are connooted 
together. From the \'ar10US statements ill the first volume 
of Cook's Third Voyage, Md especially in Chapters IV. and 
'1., it appears that these reefs are of coral, snci certaiuly 
do not belong to lhe barrier dass ; coloure<l red.-Tou/va 
ami Kao, forming tho weslem part of the group, according 
to Forster, ha\'e no reefs; the former is all Ilcii\'e volcano. 
-1'arao: there is a chart of this singularly-formed island, 
by EspillOl'.a: according to Mr. Williaws it consists of 
toral-rock: the Chenlier Dillon informs me that it is not 
Cringe<l; not coloured. Nor are tile i~lands of LaUe and 
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Amargura coloured, (or I htwe not seen plans of them on 0. 

large scale, aml J do Ilot know whether (hey lUe fringed : 
Amargum is said (Atheneum, 1848, p. 40) to have been 
lately in nol('nt {'miltion. 

Nwuha, Je-s., 174°\\,., or Keppd Island orWallis,or 
COCOI IRland: (rom 10 ,·jew and chari of this island, given 
in Wallis's Voyage, (4to edit.) it is evidentlyencirded by 
a reef; coloured blue. It is, howe,'er, remarkable that 
Bwcau.'efl. Island, immediately adjoining, has no reef of 
any kind; uncoloured. 

Wallu Island, 13° S., 176° W,: a chart and "iew o( 
this island in Wallis's Voyage (Ho edit.) shows that i, is 
encircled,l A view oeit in the Naut. Mag, July 1838, p. 870, 
shows the same (net. Nine islands, most of them high, 
are said ill Wilkes U.S. Eltploring Eltpedition (\"01. ii. 
p. 157) to be enclosed. within the same reef, through 
which, it is B/I~erted, ships can {'Ilter; coloured blue. 

Allenl/atou, or Hom Islaml, On(Jlla/u. or Proby Island,' 
and IIunter lIIlands, lie hctween tho Na.vigator and Fidji 
groups. I can fina 110 distinct accounts of them. 

F'IOJI on Ff:J:;Jt:E OIl VI'rI Onoul,.3-Until lately the 

'(Walli.lolan(li.('neirel~. Therearaelevenial.ndl,I5e'·enof 
which al'{! on the outer l'('('1.-Xote l&en~ to Mr. Damn by Lieul. 
Cha.. Smith. H.1I,R. J.awn.l 

• (' Uom 1.I.nd_, coml'riRinll Fotnn. andAlof.; ~ach hu. distinct 
fringing.reef. Fotnn ••• aboot2,GOQ fe<>t.n<1 AJot. 1.200 fel!t high. 
leangi,e no inform.tion I"I'IfIrding the depth of ... ater. except th.t 
Iherei •• deep8hip~h.nn .. lbet"'ePnthei4lAIl,j",no.oundinpbei", 
obtain.bla .nth the h.nd-line. The elwlDel i, hardly • mile broad. 
Xi.n.a-fu, or Good Hope hland, ",hlth I p .... ume to be the o&me a. 
th.t ealIed Onou.lu in Coral Reef.,.a entirely Toier.nie, aDd ha. no 
ned ... h.tever.'. Xote llent \0 Mr. Dal'1l'in by Lient. Chu. f;milh, 
aM.S.Fa""'.] 

• !Thilgl'O\lp eonl.ailll eve..,. deaeril'tion of reef.· -C.pl. Wharton. 
lIabla ...... eentral voltanic ~k, ac~.-.rdiDll tolhe N.rrativeof eltol. 
~Voy.(p.4!H),.ndi"\IrrouDdedbyabanier.reef,oroneinter. 
medi.teba!ween th.t .nd.fringina·reef. The ihol'{! line IUggestl 
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best chari of the numerous islands of this group was that 
in the atlas of tile ihtrolabe', Voyage; but now the island!! 
have been sun'eyed during the U.S. Exploring Elpedition, 
and full infonnation respecting them and tho reel's bas 
been gi"en by Dana. Many of tho islands are bold and 
mountAinous, and are surrounded by reel's, lying far from 
the land, IUld ouhide the ocean appears very deep. The 
A&lrolabe sounded with 90 fathoms in se\'oral places a.bout 
a milo from tho reefs, and founa no bottom. It is evident 
thai tho water within many of tho encircling roofs is deep: 
as indi!OO I was fonnerIy assured was tho case by Dillon. 
Beyond the high and encircled islands there are numerous 
atoll-fonned rool's. Hence the whole group lIas been 
coloured bluo_ In lhe S.E. part lios Baroa, or Turtle 
bland of Cook (Second Voyage, vol. ii. p. 23, and chart; 
4to edit.), surrounded by a coral-reer, 'which in some 
places oxtomis two miles from tho sllOre;' within t110 roof 
the water appears to bo deep, and outsido it is unfathom_ 
able; coloured pale blue. At ille distalleo of a fow miles, 
Captain Cook (ibid. p. 24) founll a eircular coral-reef, four 
or fh·o leaguos in circuit, with deep water within; 'in 
short, ille bank wants only a. tow littlo islets to mako it 
euctly like ono of the halt-drowned isles 80 often men_ 
tionoo,'-Ilamely, atolls. South ot Batoa lies tho high 
island of Ono, which appears in Bellingshausen's Atlas to 
be encircled; as do somo other small islan(is to tho south; 
coloured pale blue: near Ono, there is an annular roof, 
quito similar to the olle just described in tho words of 
Captain Cook; coloured dark blue . 

• ub.id~nce, and the retf il breached opposite to the prineipalinlet on 
the land. At Ngaloa harbour, Kanda .. a, the map ul this part 01 the 
Wand suggest. ~ub!lideDee. but there lore alAo indication. of 8lish~ 
upheaval. There il I. barrier_roof. The 8OundiJl81l 16(1 fathom, 
from the edge of the reef were 80 fathonll,the Ilope for the firs' GS 
le.thom.from the &bore being 1 in 1,lhenl;nl·t,diminiahinatolin 
2IiUSOOral.bom ... ureaehed.J 
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Rotoumah, 13° S., 179" E.-From tbo chart in 
Duperrey's Atlas, I thought that this island was encircled, 
but the Chevalier Dillon fL!J8urCB me that tho roof is only a 
8horo or fringing OIlO; coloured red.! 

Independem;~ Island, 10" S., 1790 E., is described by 
Mr. G. Bennett (United Service Jonrn.18S1, part ii. p. 197) 
8S a low island of coral formation; it is small, and does 
not appear to contain a lagoon. although an opening 
through the reef is referred to. A lagoon probably once 
existed, and has sinee been filled up; left uncoloured. 

ELLiCE GI\OUP.-Oscar, Peyster, and Ellice Islands 
are Iigured in Arrowsmith's Chart of the Pacific (corrected 
to 1882) as atolls, and arO said to be very low; blue.2_ 

Nedcrlmulisch Islal.ld: I am greaUy indebted to the kind· 
ness of Admiral KrtIJJellstem (or sending me ilia original 
doewnents concerning this ia1and. From tllC plans given 
by Captains Eeg and KhremtsMnko, and !'rom the detailed 
accoun~ gi"en by tho former, it appears that it is a narrow 
coral-island, about two miles long, containing a small 
lagoon. The sea is very deep close to the shore, which is 
fronted by sharp coral-rocks. Captain Eeg compares the 
lagoon with that of other coral-islands; and he distincUy 
says, tho land is ',"cry low.' I ha,-e therefore coloured it 
blue. Admiral Krusenst.em (SuppMment au Recucil des 
M~moires HydrographiquCII publiCs en 1826 et 1827, &c. &c. 
St. Petersburg, 1886) slates UJat its shores are 80 fed high ; 
this probably arose from the height of the COCoa'lIut trees, 
with which it is covered, being mistaken for land.-Graml 
Coc4l is said in Kru8ellstern's Memoir to be low, and to be 
Bu.-rounded by a red; it is small, and therefore probably 

'['Then! is an extinet yo\eaooon Ibe iaJaod.'-Notewrhteo in 
Mr. Dal'1l';n'. oopy of ilii .... orl.: 

I {'Mi\ChelllB.laod, 10 Ibe lIOoth oft.he EllieejJJOup, i •• very low 
&lollwith.boulteIlJlllllll ial&lldl ollihe !"Hf. We weI"<! ullable to 
diaoovcr &oy entr&nce t.o the Illo6ooll.'-Lieut. Chu. Smith, n.lI.s. 
J<'awn.j 
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once contained tl. lagoon; uncoloured.1-St. Atl91utin: 
from a chart and "iew of it, gh'eu in the atlas of the 
Coquilk', Voyage, it appears to be a Slllall atoll, with its 
lagoon partly filled up; coloured blue. 

GIL8ERT Glloup.-The chari of thiegroup, given in the 
atiaa of the Ooquille', Voyage, shows that it is composed 
of tell well·characterized, but Yery irregularly shaped atolls. 
In D'Urvi1le aml Lattin's chart, SydclIham is written with 
a. capital letler, signifying Ulat it is high; but this certainly 
ill not tho caao, for it is a perfectly chamct<!rized atoll, and 
a sketch, showing how low it is, is gh'on in the Coq"dle's 
alias. Sollle narrow strip· like reefs project from the Bouth· 
ern aide or DMtmtlu.ma atoll, and render it irregular. The 
BOuthen} iaiand of the group is called Gllau (in BOwe charts, 
Rotchu); of this I can find noaccouut, but ~rr. 1". D. Ben· 
nett diseovered (Geograph. Joun}. vol. vii. p. 229) a low 
e):U!llsive island in nearly the SIIwe latitude, about three 
degrees westward or the longitude assigned to Rotches ; 
and this probably is thellllme island. Mr. Bennett iuforms 
me that the man at the masthead reported all appearance 
of lagooll,wat<!r in the centre; and, therefore, considering its 
position, I ha"o coloured it bluo.-Pitt Island, at the ex· 
tremo northcm point of the group, is leCt uncoloured, liS 

neither its Clad position nor nature is known.·-ByrQn 
L;lalld, which lios a little to the eastward, does not appear 
to hM'e been visited since Commodore Byron'l ,-oyage, and 
it wasthell seen olllyCrom a distance or 18 miles: itissaid 
to be low; uncoloured. 

Oceau, Plc(J8ant, and A tlant~ Islands all lie considerably 
to the w(!~tof the Gilbert group: 1 have been unable tOfilld 
Iny distillct account of them. Ocean Islan<1 is written with 

'['Oran.ICoc-al waa_rehed for in vain by n.M.R. I3a.Ji/i'k, and as 
a1lth~ loc.1 t...deradeny it.aexis1ence, I cannot think it e"ilJtll. h 
hu long b...n lUarked 'doubtful' on th", Admiraltych...u,and th", 
deJeril'lion ll'Alb me to .uppoee the idlln<l "110110:1<1 to hue IIftn 6t. 
A"b'll.till.'- Lieut. eh .... Smith, H.Y.S.li'awlI.j 
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small letters ill the French ehart, but in Krusenstem's 
Memoir it is said to be high. 

MARRIULL GROup.-We are well &equaintoo. with this 
group [rom the e:r.cellc!Ilt charta of the separate islands, made 
during Ole two voyagea of Kotzebue: a reduced one of the 
whole group may be seen in Krusenstem's Atlas. and in 
Kotzebue's Second Voyage. The group con.ai.sts (with the 
exception of t1\'O little i.slands which probably ho.,'e bad their 
lagoon filled up) or a double row of 28 large and well.cha.
racterized atolls, !rom the n:amination of which Chamisso 
drew up his well-known account of coral formations. I in. 
clude in this group OfUpar Rico, or Com ICallil hi and, which 
is described by Chamisso{Kohebue's Finlt VOytlge, vol. iii. 
p. 179) '8S a low sickle· formed group, with moul(l only on 
the windward lIide.' Gaspard IAland is considered by some 
geographel'9 as a distinct island lying N.E . of the group, 
but it is not entered in tho chart by Rrusenstem; left un_ 
coloured . In the H.\\'. part of this group liesBaringIsland, 
of which littlo is known (seo1(rusenstem'a Ap~ndix,l8S5, 
p. HO). I havo left it uncoloured; but Boston Island I 
have coloured blue, nsit ia described (ibid.) IlIJ consiatillgof 
14 small islsllils, which, 110 doubt, inclose" lagoon, as re
presented in a chart in lho Coquilk', aUas.· ,Three islands, 
Ailr, Kau'c" anil Ga.tpar Rico, are written in tho Freuch 
chart with eapitallctters; but this is an error, for from tho 
acoount given by Chamill80 ill Kotzebue's First Voyage, they 
are cert.ai.nly low. The llature, position, and e\'eu existence 
of the shoals anel small islauds north of tho Marshall group 
aredoubtlul. 

NEW llEOHIDE8._Any chart, Oil O\'en a small seale, of 
these isianils will abow that tbeir shores are almost without 
reefs,' p1"il8euting a remarkable coutrast with th0S6 of Xew 

, [The New lIebri,\ee hu, lringing_reeb in 'vlOIl' parlI. :';0 
barrier-reeb ... yet known, bull.hechan.. .. re It ill veryimperfecl 
-e .. plWharloll.] 
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Caledonia on Ulconoiland, am} the Fidji group on tho other. 
Neverthelesa.l have been 8.8sured by Mr. G. Bennett, that 
coral grows 'rigorously 011 their ebores; 8.8, indeed, will be 
further ahowlI ill BOrne of the following notioos. As, there· 
fore, these ielands are not encireled, and as eon.! grows 
\'igorousiy on their shoree, we might almost conclude, with· 
out further evidence, that they are fringed, and hence I 
han' applied the red colour with rather greater freedom 
than ill other instances.-.llaUhmc·' Rock, an acti,e volcano, 
some "my ROuth of the group (of which a plan is given in 
atlas of thc A,trolabe', Voyage) doee 1I0t appear to ha"e 
reefs of allY kind about it.-Anna/om, the southernmost of 
the Hebrides; (rom a rough woodcut sncn in the United 
Service Journal (ltll.ll, part iii. p. 100), accompanying a 
paper by Mr. Bennctt. it alJpears that the chore is fringed; 
coloured red.-J"Ulilla; Forstcr, in his Observations (p. 22), 
says Tanna has on its shores coral.rook and madrepores; 
and the youllger Forster, in his account ("01. ii. p. 269), 
speaking of the harbour, saya tllO whole S.B. side consists 
of coral.recfs, which are overflowed at lligh water; part of 
the BOuthern shore in Cook'schart is repreaented as fringed ; 
eolourctl r(l(l- Immer is described (UnitOO Service Joum. 
Ifl31, par~ iii. p. 1!)2) by Mr. Bennett &9 being of moderate 
elevation, with clifl's appearing like sandstone; eOTai grows 
in patches on its allOro, but I h8\'e not coloured it; and 
I mention the~e Cads because Immer might have been 
thought, from Forster'acl&.llllification (Obaen·atioll8. p. 14), 
to ha\'c been a low i~land, or e,'cn an atoll.-ETTomango 
hland; Cook (Second \'oYl4:'e, "01. ii. p. ~5, 410 edit.) 
spt .. aks ofrocke everywhere linin!] the coast, and the natives 
offtred to haul his boat o,'er the breakers to the sandy 
beach : Mr. Bennett, in a letter to the editor of the Singa
pore ebron., alludes to the Ttlf, on its SllOrCfl. It may, I 
think, be BaCely inferred from these passages that the shore 
islringed in parts by coral.reds; coloured red. -Sandu:ich 
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Island : the east coast is said (Cook's Second Voyage, vol. ii. 
p. 41) to be low, and to be guarded by a chain of breakers. 
In the acC<lmpanying chart it is seen to be fringed by a reef ; 
coloured red.-Mal/ioollo: Forster speaks of the reef. 
bounded shore: tlIe reef is about SO yards wide, and so 
shallow that a boat cannot pass over it. Forster, aiso, (Ob· 
servat. p. 23.) says that the rocks of the sea·shore consist 
of madrepore. In tl1e planof Sandwieh harbour, the hend· 
lands are represented as fringed; coloured red.-Aurora 
and PcnicCQ$t Islands, aecording to BougaillVille, apparently 
have 110 reefs; nor has the large island of S. Espiritu, nor 
Bligh Island, nor Ballks Islands,! which latter lie to the 
N.E . of the llebrides. But in nOlle of these eases have I 
met with any detailed account of their shores, or seen plans 
on a large scale; al1d it will be evident that a. friIIging.reef 
of only tlIirty, or e\'e11 a few huudred yards in width is of 
80 little importance to navigation, that it , ... ill seldom be 
noticed, excepting by challce; alld hence I do IlOt doubt 
that several of these islands, now left Ul1coloured, ought 
to be red. 

SA;<;"TA-CIIUZ Gl\oUl'.-Vanikoro (Fig. 1, Plate 1.) offers 
a striking example of a barrier· reef : it was first described 
by the CI!e"aiier Dillon, ill his \" oyage, and was surveyed 
in the Astrolabe; coloured pale blue.-Tikopia alld Fataka 
I slandsappear, from the descriptions of Dillon and D' Urville, 
to have no reefs : An6Uda is a low, flat island, surrounded 
by cliffs, (AsirolaW, llydrog. and KrUscllstern Mem. vol. ii. 
p. 432); theao are uncoloured.-Toupoua (Otooooa of 
Dillon) is stated by Captain Tromelin (Annales Marit. 182fl, 
p. 280) to be almo~t entirely included in a reef, lying at the 
distance of two miles from the shore. There is a space of 
three miles withont ally reef, which, although indented 
with bays, offers no allchorage from the extreme depth of 
the water close to tile shore. Captain Dillon also speaks 

, [Ba"k,lsland6arefringedinparl8._Capt.\\"harlon.] 
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of tile reef/J fronting this island; coloured blue.I-Santa 
Gnu; I 118\'e carefully examined tlle works of Carteret, 
DcntrccA5teaU:l, Wileon, and Tromelin, and I cannot dis
CO\'er any mention of reefs on its short;!/J; left uncoloured. 
-1'iI,akOTO ia a constantly acth'e \'oleano witbout reefs.
.1lcndalla Islea (mentioned by Dillon undl!r Ule name of 
.11ammu, &0.) are said by Krllsenstl!rn to be low 1\11(\ 

intl!rtwillod with rl!ofs. I do not bl!lieve thoy include a. 
lagoon; I have Jl!ft them uncolourod.-Dllff" Islands com
pose a small group dil'l!Cted in a N.W. alia S.E. bana; they 
are deacribOO by Wilson {p, 290, Miss. Voy. 4to edit.} as 
formed by bola peaked land, with the i~lallda surrounded 
by oora1-reefs, extending about half a mile from the shore; 
at the distanoo of a mile from the ro:.'(lfs he found 0111y Be\'en 
Cathoms. AB I IlIn'O no reason for auppoRing there is deep 
water within tilesereefs, I hsveooloured them red.- Kc/wedy 
Island, N.E. of Duff's: I hs\'e been unable to find any 
account of it. 

NEW CALEOOXlA.-Tho groai barril!r·reefs on tho shores 
ofthis island ha\'o already been deacribod (Fig. G, Plate II.). 
Thoy have boon visited by Labillardiere, Cook, and the 
llorthem point by DTrville; this latter part so closely 
relkmblea au atoll that I ha\'e coloured it dark blue. The 
Loyalty group ia aituated to the esat ot Xow Caledonia; 
BOrne at leas~ of the islands are fonned of upraiaed coral
rock, and are fringed with liYing reefs; llee Hm'. W. n, 
Clarke, in Joumal of Geolog. ~oc. 1817, p. 01 j coloured 
red. North of this group thore are some extensive low 
reefa (calle<:l AI/roWe and Beaupri fl, which do not seem 
to be atoll-formed: these are left Ullcoloured. 

I iThi. i land hu a barri .. r-reel, with a ... ·la.thom ehl.l1nel through 
it .... hieh lca.u into a harbour in the iBland it ... lI. 'fhere;1 alao 
deepblltlln8\'cnwalergenen.llyinsidetl'ereef. -LicuI,Cb.aI!.Smith, 
aM,S.ia_.J 

• [Thil iI an a!.oll.-Capt. Wharton.] 
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AusTRALIAI'BAnnIE!l.HEEF.-Thisgreatreef, whiehhas 
already been described, has been coloured from the charts 
of FlindctfJ an<1 King. Jukel has gi,-eu many details re· 
specting it ill the Yoyage of n.ll.S. Ply (\'01. i. 1847,cll&p_ 
xiii.). In the northern parts, an atoll-lormed reef, lying 
outside the barrier, hall been def'Cribed by Bligh. and is 
coloured dark blue. In the space lx-tl\"oon Australia and 
New Caledonia, called by l-1.illdel"fl 1I1e (oraUian Sea, there 
are uumeroufl rl'el!l. Of the.e, lOme are represented in 
Kru:;6nstenl'S Atlu as ha\-ing an atoU-lil:e structure; I 

namely, BampwIl Shoal, Frederic, ~'ine or Horse.shoe, 
ami Akrt Heels; these ha,-e \x..-en coloured dark blue. 

LomsIADE.-'l'he dangerous reefs which front and 
surround the westen}, lOutllern, and northern coasts 01 this 
flO-called penin~ula and archipelaRo, 8<'em evidently to 
belong to the barrier class. The land is lofty, with a low 
fringe on tile coast; the reefs are (listant, and the sell. out
side tllCm profoundly (locp. Nearly all that is known of 
this group is derived from tlle labours of Dentrccasteaux 
and Bougainyille ; the latter has rcpre~elltcd olle continuous 
r(:ef 00 miles long, parallel to the shore, aud in places as 
llIuch as 10 miles from it; coloured pale blue. A titUe 
distance northward we have the Lauyhk/lt Islands, the 
reefs rolWd wllich are engt'8-y('(1 in the atlas of the Voyage 
of the A,trolabe, in the samo maWler as round the encireled 
is1ands of the Caroline Arebipelago: the reef is, in parlB, a 
mile amI Ito half from the ahoro, to which it doos not appear 
to ooattaChed; coloun.-d blue. At 80metitUedisfancefrom 
ilie extremity of the Louiaiade tiel Well. Reef, described 
in G. Hamilton's Voyage in H.ll.S. Pandora (p. 100); 
it is said, • We found we had got emooyed in a double 
reef, wbieh will 800n be an island.' As t.his statement is 
ouly intelligible on the auppoliition of the roof being crescent 

, (There ue manl atoll. in thi& lea.· -Capt. Wharton.] 
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or horse·shoe rormed, like so many oUler submerged annular 
reefs, I have ventured to colour it blue. 

SALOlIA=- ARClIII'ELAOO.-Tlu) chart in Krnscnstern's 
AtilUl Bhows that tilese islands are not encircled; and 8S 

coral appears, from the works of bun'ille, Bougainville, and 
Labillardicre, to grow on their shores, this circumstance, 
as ill the case of the New llebrides, ii:l a presumption that 
tlloy are fringed. I cannot find out auything from Dentre· 
east.eaux's Voyage, regarding the southern island! of the 
group, 90 have len. them uncoloured.-.. llalayta Island, in 
a rough MS. chart in the Admiralty, has its northern shore 
(finged.-Ylab.!l Island: the N.E. part of this island, as 
shown in the BIUlle ohart, is also (ringed: Mondalla (Burney, 
\'01. i. p. 280), speaking of an islet adjoining the 1l0rt.henl 
coast, says it is surrounded by reefa: the shores, also, of 
Port Praslin appear regularly fringed. Ohoi.si!ull~land : 
parts of the shores are fringed by coral·reefs, in Bougain
ville's ehart of Choiselll Bay.-Bougaim;illt Island: accord
illg to Dentrocasteaux, Ole western shore abounds with 
eoraJ-reefs,'and tile smaller iBlands Bfe said to be attached 
1.0 the larger ones by reefs; aU the abal'e-mentioned islands 
have boon coloured red.-Bouka Islands: Captain Duperrey 
ilas kindly informed me in a letter that he passed close 
romld the northern side or tills island (of which 0. plan is 
,:ti\"ell in his atias of Ole Coquille's Voyage), and that it 
was' gamie d'une bande derecifs A fleur d'eau adh~rentes 
au rh-age ; , and he infers, from the abundance of coral on 
the islands north and south of Bouka, that the reef pro
bably i8 of coraJ; coloured red. 1 

Off the north coast of the Saloman Archipelago there 
are several 8lllall groups which are little known : lhey 
al'llCar to be low, and of coral formation; and somo of 
them probably hal'e an atoll-like structure; Ule Chevalier 

, [lIouka, tu:OOrdioll to the bed ~o~. baa t. bt.rrier-reef, bot 
our inlQnnt.tion i, ,till imperfed.-Capt. Wbt.rton.] 
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OiUon, however, informs me this is not the ease with the 
BaxOB de Candelaria.1-Ourorzg Jato., acc.ording to the 
Spanish na\'igator, Maurelle, is thu! characterized; but this 
is the only one which I have ventured to colour blue. 

NEW llIELAlw.-The shores of the S .W. point of this 
island and some 'adjoining islets, are fringed by reefs, as 
may be seen in tlle atlases of the Voyflgcs of tJle Coqltilk 
Rnd Astrolabe. M. Lesson observes that the reeCa are open 
in front of each streamlet. The Duke of Yo-rk', bland is 
also fringed; but with regard to the other parts of New 
Ireland, New Hanever, and the small islands lying north· 
ward, I haye been unable to oblain any information. I 
will only add tbat no part. of New Ireland appears to be 
[ronted by distant roofs. I ba\'e coloured red only the 
aboye 8pe<"i6ed portions. 

NEW DIIITAIN AND THE NORTHERN SnORE OF NEW 
GUiNY-A.-From the charts in tlle Voyage of tlleA,troiabe, 
and from the Uydrog. Memoir, it appears that these coasts 
are cntirely without reefs, as are the Schouten Islands, 
lying close to the northern shore of New Guinea. The 
wCRtem amI south· western parts of New Guinea "ill be 
l reatro of when we come to the islands of the East I ndian 
Archipelago. 

AOlilRALTY GaoUP.'-From the accounts gh'en by 
Bougain\'iIle, Maurelle, Deutrec&llteaux, and the scattered 

'[Thi,i.aperfeetatoll .. c.pl. Wharton.] 
• [Na.rnli,·a of Cllajle~r Voy •. p. GW. Admi,..lty, or Boaoo 

Islands.. TJarnaini.laudri_tonearlyS,OOOfeet. T hal\O&liltiIJlow 
andindented..-ilh dcephays. ThereareruanyOOIllI-reebolfthaeoa.&t 
at varying dillAnees, not forming a oonneeted bllrier.reef. 'r here i~ 
eonnnientanthoragewithinthereef, thesoundill8linthedeeJll'r part 
of the ehannela, Nare. Harbour being from ~ to!H faihom3, and very 
I(ijntrallynearJyoro .. er20fathoms.. FourolheroflheblandJatwn 
an elenlion of from 600 10 800 feet; tho remainder are low and are 
liluated on co ... l.re<"f1l. The cout lina of Ihe main ilwd il a plat· 
form of oo ... l .... nd roc:k, and the 1011" oullying Wand, ..... Lhe UtIle, 
b'ltLhehilla ..... p ... umedklbeof .. olcanicroc:k.] 
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notices collected by HOI1lburgh, it appears that some of the 
many islands composing it are high, with a bold outline; 
and others are low, small, and interlaced with reefs. All 
the high islands allpear to be fronted by distant roofs rising 
abruptly from the aea, and within some of which, there is 
reason to belie\-e that the water is deep. I hal'e therefore 
little doubt tl)llot they belong to the barrier class. In the 
southern part of the group, we luwo Elisabeth Island, 
which is surroundod by a. reef at the distanee of a. mile; 
and two milos oastward of it (Krusenstern, Append. 18.%, 
p. 42) there ill a little island containing a. lagoon. Near 
here, also, lies Circular Reef (Horsburgh Direct. vol. ii. 
p. 790, 8th edit.).' three or four miles in diameter, ha\'ing 
doop water illaide with an opening at the N.N. W. part: the 
reef 011 the outside is steep to.' I lIa\'e from these data, 
coloured the group pale blue, and Circular HeeC dark blue. 
-The Anachoritu, ECMquier, and Hermite, consist of in· 
numerable low islands of coral formation, which probably 
are atolls; but not being able to ascertain this, 1 have not 
coloured thcm, nor Durour Island, which is desoribed by 
Carteret as low. 

The CAI~L1NE AnclIIPELAOO is now well knowlI,chiefly 
from the lly(}rographical labours of LulU: it contains 
about forty groUI1S of atolls, and three encircled islands, 
two of which are engra\'ed in Figs. 2 and 7, Plate L 
C(Jmmencillg with the eastern part, the encircling reef 
rouud Ualalt appears to be only aoout hsll a milo from the 
shore; but lUI the land is low, aud cO\'ered with mangroves 
(\"o)"age autour du Monde, par F. Lutk~, vol. i. p. 339). 
it!! margin has not probably been ascertained. Tho extreme 
depth in one of the haroours within the recf is tiS fathoms 
(see charts ill Alias of Ooquille's Voyage), and outside at 
half a mile distanoo from the reef, no bottom WIUI ohtained 
with 2100 fathoms. The red is surmounted by many 
isleta, and the lagoon-like chaunel within is m08tly shallow, 

Q 
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and appears to have been much enorORclie<i on by the low 
land surroundiug the central mountains; theso lucts show 
that time 1mB allowed much detritus to II.Ccumulate ; 
coloured pale blue.-Pouyniptteor &miat:in~. In the greater 
part. of the cireumference of this islaml. tbe reef is about 
one mile and three quarters from the shore; but Oil the north 
side it is five miles distant from the included high islets. 
The reef is broken in several places j and just within it, 
the depth in one place is 30 fathoms, and in another, 28, 
boyolld which, to all appearallce, there "'as 'un port vaste 
ei stir' (Lutk~, "01. ii. p. 4). Coloured paleblue.-IIogol.e·" 
or ROllg. 'l'his wonderful group contains at least 62 islands, 
!lnd its reof is 135 miles in circuit. Of the islands, only a 
few. about six or eight (see fl ydrog. Desoriptioll, p. 428, of 
the Voyage of ille AltroialM, and the large accompanying 
char\ taken chiefly from that given by Duperrey) are high, 
and the r~"t are all small, low, and fonned on the red. 
The depth of the great interior lake has not been ascer
tained; but Cnpta.in D'Urville appears to have eutertained 
no doubt about the possibility of taking in a frigate. The 
reef lies no le~s than 14 miles distant from the northern 
coasts of the interior high islallds; seven milcs trom their 
western pides, and 20 from the southenl : the sea is deep 
outside. This island resembles on a graml scale the 
Gambier group ill the Low Archipelago. Of the low I 

islands fonlling tlle chief part of the Caroline Arellipelago, 
all those of larger sile (as may be seen in the Atlas by 
Captain Lutkc), and BOrne even of the small ones of which 
plans are given in the Atlas of lhe Coquilk'. Voyage, are 
true atolls. There are, however, BOrne low, email islands 
of coral fonnatioll, namely, Ollap, Tama.tam, Rigali, 
SataholUll, which do not colltain lagoons; but it is probable 
that lagoons originally el.isted, but have since filled up; 

, In D'U""iJ1e Ilnd Lottin', chart. P~TII.re i, written wilh capital 
JcUen; butthi8llvi<lcutlyisRuerror, for it i8 one of thll low iaJetli OD 
tho rocf of NamonouylO (~LutJ.:6'1I chnrt.a), which ie,. rogulnr atoll. 
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Lutkl!(,·ol. ii. p. 5().1,) seems to h80vethought that all the low 
islands, with only one exception, contained lagoons. The 
most southern i.slalld in Ulegroup, namdy, Piqlliralll, is not 
wlourcd, because I have found no account of it. NougotWT, 
or Mont., VvduOt" which was not visited by Lutktl, is 
described and figured by Mr. Bennett (United Sen'ice 
Journal, Jan. 1882) as an atoll. All the berore.mentioned 
islands have boon coloured blue. It must, howel'cr, be 
stated that between Ualall and Pou)'nipetc, the three 
lfeAskill hllUlds rise to a height of from 10 to 100 feet, 
and (,oo8i~t, according to Dana (Con\ls and Coral lalands, 
p. 800), of coral·rook; whether they are ellcirc1ed or fringed 
by ('oral·rects does not seem to be Irnovm. 

'VEST.:R~ PART OF THE CAROLINE ARCIIiPELAoo.-FaU 

lslanil is 90 foot high, and is surrouuded,as I have been in
formed by Ailmin\l Lutk~, by & narrow reef of living coral, 
of which the broadest part, 80S repre~ented in the cbarts, is 
ouly 1(i{) yards; coloured red.-Philip tRland, I beliel'e, is 
low; but Huntor, in his Historical Journal. gh'es no clear 
account of it; uncoloured. Elivi: from the manner in 
which the islets on the roofs are engraved in the Atlas of 
the A,troklb/$', Voyage, I should have thought they were 
aOO\'e the ordinary height; but Admiral LutU assures me 
that this is not the case: they fonn a regular atoll; eo
loured blue. Gouap (Eap ol Chamisso) is a high is18J.l(i 
with a roof (see Chart in Voyage ol A&trola~) in moat pang 
more than a mile distant Crom the shore, and two miles in 
one part. Captain D'Un'ille thinks that there would be 
anl'ilorage (Hydrog. Descript. A.strola~ Voyage, p. 436) 
for ships within the reel, if a pa~8age cOllld be found; co. 
loured }Iale bluG.-Gol/lolt, from the chart in the A,trolab/$', 
atlas, appean to be an atoll: D'Urvilie (llydrog. Descript. 
p. 487) speaks ol low islets OIl the reef; coloured. dark blue. 

PELEW IsL,-I..!'\DS.-J\:rusensteru speaks of some ol the 
Wands being mountainous; the reefs are distant Crom the 
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shor!!, and there are apneoll within tlu:!rn, not opposite to 
any valley. from 10 to Iii falhOffia deep. According to a. 
MS. chart of tho group b~' Lieut. Elmer ill the Admiralty, 
there is a large space wilhin the reef with doopish water; 
although the high land does not hold a. central position 
with respect to the reefs, as is generally Ul6 case, I have 
little doubt that the reefs of the Pelew Islands ought to be 
ranked in tho barrier class, and I ua\'e coloured them pale 
blue. In Lieut. }~lmcr'8chart there is a horae'Bhoe·r~rmed 
Ilhoal, 18 miles N.W. of Pelaw, with 15 fathoms within the 
reef, and some dry banks 011 ii; coloured dark blue.
Spa1lj6h, Martire." Sall&erot, Pulo Alina and Mariere 
Islands are not coloured. because 1 know nothing about 
them, excepting tbat according to Krusensrorn, the second, 
third, and fourth mentioned, arc low, placed on coral-reefs, 
and therefore llerha(lH include Il.lagoon; but Pulo Mariere is 
a lilUe highef. Since the abol'e relllarks were written Prof. 
Semper has published an intereeting article (Zeitschr. f. 
Wissonsch. Zoologic, Bd. xiii. 18GS, p. 658) on these 
islands. He states that the southern islands consist of 
coral-rook, upraised to the height of from 400 to GOO feet ; 
and some of ~heru, before their ullheaval, seem lo hll.\·e ex· 
isted as alolls. They are now merely fringed by living reefs. 
'fhe nonhem islands are volcanic, deeply indented by bay9, 
and are fronted by barrier· reefs. To the north there are 
three true atolls. Prof. Semper doubts whether the whole 
group hill! subsided, partly from the fact of the southem 
islands being {ormed of upraised coral·rock ; but tbere seems 
to meno improbability in their having originally subsided. 
then haling beell upraised (probably at the time when the 
"olcawc rocks to the north were erupted), and again haling 
subsided. The 61istenCCl of atolls and barrier-reds inclose 
proximity is mani{estiy not opposed to my "jew6. Oil the 
other halld, the presence of rt.-efs fringing the southern 
islands is opposod to my "jews, as sueh roofs generally indio 
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ute that tllC land has either long remainCfl stationary. or 
has been u(lraised. It must, howe\'er, be bonle in mind (as 
remarkC!tl in our si:>.th chapter) tllat when the ilm(l is pro· 
longed beneath the sea in an utremely steep slope, reefs 
formed tllere during sub~idence will remain closely attached 
to the SHore, and will be undistinguishable from fringing
reefs. Now we know tlmt the submarine flanks of most atolls 
are very steep; and if an atoll after nphea\'1l.1 and before the 
sea had eaten deeply into the land, and lu\d formed a broad 
flat surface. were again to subside, t11C reefs which grew to the 
surface during the subsiding mo\·em('nt. wouid slill closely 
skirt the coast. After some hesitation, I ha\'e thought my
self justified in le8\;ng these islands colollred blue. 

;\("nH"A AnCHII'ELAGO, OR L"ono".:s.- Guailan: 
almost the whole of this island is lringed by reefs, which 
~xh!l\(l in most parts about a third of a mile from the lond. 
En-n where the reels are mostel:tensi\'e, the water within 
them is shallow. In several parts there is n navigable 
ehannf'\ for boats and canoes within tllC reek In Frey
dnet's Hydrog. Mem. there is an ~COUllt of these reefs, 
antI in the /tUas, a map on n large scale; coloured red.
Ro/a; • L'Ue est presque entierement cntour~e de recifs' 
(p. 212, Froycinet's Hydrog. )lem.). Thcse reefs projeci 
about a quarter of a mile from the shore; coloured red.
Tilliall: the eastern coast is precipitous, and is wilhoutrecfs; 
hut the westem side is fringed like tIle last island; coloured 
red. Saypan: theN .E. coast, and likewise the westem shores 
sppear to be fringed; bllt Ulere is a great, irregular, horn_ 
like reef projecting far from this side: coloured red.
Farallcn de Mcdinilla appears so regularly alld closely 
fringed in Freycinet's charts, that T ll/t\'e ventured to 
colour it red. although nothing is said about reefs in the 
HJdrogrnphical Memoir. The severnl islands which form 
the northern part of the group are volcanic (with tlle e"cep
tion p!:rhaps of Torres, which resembles in form the madre_ 
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pori tie island of Medinilla.), and Ill)pear to be without 
reefs.-."all!ll , however, is described (by Freycinet. p. 219, 
lIydrog.) from Bomo Spanish charts, as fonned of small 
18111.11(19 placed 'au milieu de llombreuJ: rocifa; , and as 
these reeCs in the general char~ of the group do not project 
so much as a mile; and 8S there is no appearance from a 
double line, of the existence of deep wa.ter within, I ha,\'o 
ventured, although with much hesitation, to colour them 
red. Respe<l\ing Folger and Mar,halllsiands, which lie 
some way east of the Marianas, I call find out nothing, 
excepting that thoy arc probably low. Krusenstem says 
this of Marshall Island; and Folger Island is written with 
small letters ill D'Ur\'ille's olll1.rt; uncoloured. 

Bo:S IN on Auzouispo Gnoul'.-[>eel Island has boon 
examinel] by Captain BeC<lhey, to wllOse kindness I am 
much indebted for gl\'lng me informnlion regarding it: 'at 
Port Lloyd there is !to grea.t deal of coml; and the inner 
harbour is entirely fonned by coral.reds, which extend 
outside tJle port o.1ong the coast: Capiain Beechey, in 
another part of his letter to me, alludes to lhe reefs fring. 
ing the island in all directions; but at tllO same time it 
must be observod that the surf washes the volcanic rocks 
of the coast in the greater part. of its circumference. This 
island h1\8 certainly been elevated at least 50 foot within 
the recent period (see Journal of Ooolog, Soc. 1855, p. 
li82). I do not know whether the other islands of tlle 
archipelago are frillg61i i 1 have coloured l)eel island rOO. 
-Gramplu Island, to tile ee.stward, does not appear 
(Meare's \'oyage, p. {),J) to ha\'o any reefs, nor does 
R~ario Island (from Lutk~'s chart), which lies to the 
westward. Respecting the few other islands in this pari 
of the sca, namely the Sulphur Islands, with an active 
volcano, i!Uld those lying between Bonin and Japan (situated 
near the extreme limit in latitude at which reefs can grow), 
1 have not been able to find ally clear account. 
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WEST ESD OF NEW GUlSEA.-Port Dory: from the 
cham in the royage of the Coquilk. it would appear that 
ille coost in this part i.B fringed by coral-reefs i M. LeSSOD, 
IlOwe\'er. remarks that the comb are sickly j coloured roo. 
- Waigiou: a considerable portion of the northern ahore 
of these islandll are seen in the charts (ou a large scale) 
in Freycinet's Atlas to be frillgoo by coral.rcds. Forrest 
(p. 21, Voyage to New Guinea) olludes to the coral-reefs 
lining the heade of Piapis Bay; and Horsburgh (,'oJ. ii. 
p. 500, .\ill edi~.), speaking of the islnnlls in Dampier Strait, 
aaya, 'sharp coral-rocka line their shores; . coloured rOO.
In the sea norill of tbese islands, we 11I~,"e O,U(/u (or 
Freewill, or St. David'll . which from the chart gi"Clf iu 
Ille 4to edit. of Carteret's Voyage IllU~j, be an atoll. 
Krusenstem says the islets are very low; coloured blue,
Carteret'l S110018, in 2Q 58' N., are described as circular, 
with stony points showing all round, with deeper water in 
the middle; coloured blue.-Aimt: the plan of this group, 
given in the atlas of the Voyage of the A&trolabe, shows 
that it is an atoll; and, from a chart in Forrest'a Voyage, 
it IIollpeat'8 there i8 12 fathomB within the circular reef; 
coloured blue,-The S,W. coast of New Guinea appears to 
he low, muddy, alld de\'oid of reet's. The Arrlt, Timor·taut 
and Tenimber Groups bave lately been elAmined by 
Captain Rolff, the MS. translation of which, by Mr. W. 
Earl, I have been permitted to read, through the kindness 
of Calltain Washington, R.N, These iRlands are mostly 
ratller low, and are surrounded by distant reefs (the Ki 
blallds. 1I0we\'er, are lofty, and, from Mr. Stanley'S Burvey, 
apIMlar without reefa); the sea in Borne parts is shallow. in 
olh<,t'8 Ilrofoundly deep, as uear Larrnt, ~'rom the imper. 
fection of tlJ(1 IlUblishoo charts, I IllJ,Ve heell unable to 
decide to which clMII 'these roofs belong. From the dis
tance to which they extend from the land where the sea is 
very deep, I am strongly inclined. to belie,'e they ought to 
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come withill t1.e barrier class, and be coloured blue; but I 
ha.ve ix'(ln forced to leave tbem uncolourOO.-The last
mentioned groups are connected with the east eml of Ceram 
by Ito chain of amal1 islands, of which the amaH groupa of 
Ceram-lo.ld, Goral/I. and Ktffin<j are aurroundoo by very 
extensive rt:efs. projecting into deep water, which, as in tile 
last caso, 1 strongly suspect belOllg to the barrier class; 
but 1 have not coloured them. from tho south side of 
liemug, tho reefs project fi\'e miles (Windsor Earl'S Sailing 
Direct. for tho Aralurn. Sea, I) . 9). 

C~:II.\ll..-ln various charts wiJich I ha\'e exami.ned, 
Be\'erol Ilarts of the coast are represented R9 fringed by 
roofs.-Manipa IRlnnd, between Ceram Ind BoUTOn, in au 
old )18, chart in the Admiralty, is fringoo by Ito \'ery irregu
lar reef, llartly dry at low water. wiJich I do not doubt is 
of coral formation; both islands coloured red.-BOl/rou: 
parts of this island appear friuged by coral-reefs, namely, 
the eastern coast as seen in Freycillet's chart; and Cajdi 
Bay, wl/iell is sRid by IIorsburgh ("01. ii. p. 630) to be 
lillOO by corol.reefs, that stretch out alitUo \\,I\y, and have 
only a few feet of water on them. In several charts, 
portions of the islands forming the A:m.lOINi\ GROUI' I are 
fringo..! by reels; for instance, Kotila, liarel/ca, and 
Uca&ter, in Freycinet'B charts. The abO\·e·mcntioned 
islands 11In'0 been eolouroo red, although the e\-idence is 
llot \'ery satislaclory.-North of Bourou the IlSroliel line 
of the Xulb., Isles extends: I have not bocn ablo to find 
out anything about tllem, e"cepting that Horsburgh ('-01. 
ii. p, 6~3) says thnt the northern shore is surrounded by a 
rod at the distance of two or tllroo miles; uncoloured.
My30l Grollp: the Kanary IslalJ(ls are Bnid by Forrest 
(Voyage, p, 130) to be di\'ided from eaeh other by deep 

, [At Amboinacoral.reef roekoccul"I .... i.ed rna",. hundred led 
above lI('t.l(!v(!l, forming a ~~p hill .lope. ~arralive 01 C1Wl/kngn' 
Vo)'&;;e,\'ol.i.p.611O. Seet.loolIOS('ley,NotHb,.t.N.tnrt.lilt, 11,31>9.: 
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straits, and are lined with coral,rocks; coloured red.
GlUfM, lying between Waigiou and Gilolo, is engraved as if 
Cringed; and it is said by Freycinet, that all the 80undings 
under fi\'e Cathomswereon coral; coloured red .. Gilclc: in 
a chart published by Dalrymple, the numerous islands on 
the weatern, southern (Batehian and the Strait of Pa.lic"', 
tial,alld eastern sides appear fringed by narrow reefs; 
these reeCa, 1 luppose, are of coral, for it is sai(l in )lalte 
Brun (\'01. xii. p. 15G) , 'sur les cMes (of Balehian), comme 
dan! la plupart des ill'S de cet archipel, il y a des TOeS de 
madrcporcs d'une beallteet d'unenricto infmies.' Forrest, 
a.J.so (p. GO), says Sr:land, near Batchian, is a little island 
with reel's of coral; coloured red.-Mtrty Island (north of 
Gilolo); lIorsburgh ("01. ii. p. 5(0) says the northern coast 
is lined by reets, projecting one or two miles, and ba"ing 
no soundings close to them; 1 ha\'e left it uncoloured, 
although, as in some former cases, it ought probably to be 
pale hlue.-Cekbe8 . The western alld 1l0rtilern coasts 
appear in the charts to be bold and witllOu~ reefs. Near 
the extreme 1I0rtllern point, llowenr, all i~let in the 
Stroits ot Limbe, ILnd part of the adjoining shore. appear 
to be fring(.'(l: the east side of the bay of J(a.lUldo hlUl deep 
"\fater, tu1(1 is Cringed by sand alld coral (A,trol. Voyage, 
Hydrog. Part, p. 4ii6-4); this extreme poillt, thprefore, 1 
I,&\"e coloured nod. Calltaill Keppell, al80, speaks (Expe. 
dition to Borneo, "01. i. p. 130) of the sllore b.,jng in parts 
fringed with reefs; he found upraised coral·reefs at the 
height of from 80 to 100 feet above the len·1 of the sea.
Of the i~lnndB between the northern point of Celebes and 
the Philippines, I have not been able to find nny account, 
except of Seranyalli, which appears Bllrrounde(l by narrow 
red s; and Forrest (Yoyage, p. lO·t) speaks of coral on 
ita shorel; I ha\'e, thereCore. coloured. this i~lalld red. 
To the eastward oC this chain lie 86\'eral islands; of which 
1 canuot find ally account, except of Karkala'I{J, which is 
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said by l10fsburgh ("01. ii. p. 504) to be lined by '" dan
SCroll8 reef, projecting se'l"pral miles from the northern 
shore; not coloured. 

lsLASOS :SEAR TllIOR.-The account of ihe following 
islands is taken from Captain D. RollT's Yoyage in 1825, 
translated by Mr. W. Earl from the Dutch.-utt" has 
'reefs ext(lnding along shore at the distance of haIr a mile 
Crom the land.'-Moa has reefs on the ti.W. plI.rt.-Lako-r 
has a red lining its shore; these islands are coloured red. 
-Stit! more eastward, Luan, differently from the last· 
mentioned islands, has all extellsive reef; it is steep Dut
aide, and within there is a dq)th of 1 ~ foot j from these 
facts it is imposeible to decide to which clll81l this island 
beiongs.-Killll, off the point of Timor, has its' shore 
Cronted by & reef, steep too 011 the outfJr aide, oyer which 
smllll proahs can go at the time of high waler;' coloured 
red.-Timor; Illost of the points, and BOme considerable 
spaces of tlle northem allOrc, o.re seen in Freycinet's chari 
to be fringed by coral· reefs ; and mention is made of tl1em 
in tl1e flCrompanying llydrog. Memoir; coloured red.
Sat'lI, S. W. of Timor, appears i.ll Hinders' clmrt to be 
fringed; bllt I ha.ye not coloured it, lUI I do not know tbat 
the reefs are of coral.-Sand.alwood Island llM, according 
to Ilorsburgh ("01. ii. p. (07), a led on itB BOut]lern shore, 
four miles distant from the land; as the neighbouring sea. 
is deep, and g~nera.lIy bold, this probably is a barrier· reef, 
but I ha"e not ventured to colour it. 

N.W. COAST OF AU"STRALlA.-It appears, in Captain 
King's Sailing Dire<.'tiollB (Narrathoe of Sun'ey, \"01. ii. 
pp. B2Ci to BGO), that there Rre many extensive coral·reefs 
skirting. of len at considerable distances, tile N.W. sllores 
and encompaMing the small adjoining isleta. Deep water 
in no instance is rCllrcsented in the charta between these 
reefs and the land; and, therefore, Uley probably belong 
to the fringing e11l.Bl1. But as they extend far into the sea, 
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which is generally sImllow, even in places where the land 
seellls to be somewhat precipitous, I haye not coloured 
them. iloutman's Abrolhog (lat. 28° S. on west coast) 
have lately been surveyed by Calltain Wickllam (as described 
in Naut. !lIas:. 1841, p. oil): they lie on the edge of a. 
steeply.shehing bank, which extends about 80 miles sea· 
ward, along ilie whole line of coast. The two southern 
r6(1f.:l. or i~lands, enclose a lagoon.like space of water, 
,'arying in depUI from 6 to 16 fai.homs, and in one spot 
with 28 fathoms. The greater pari of the land has been 
forlllt'<l on their inland sides, by the accuffilllntioll of frag· 
ments of corals; tile Beaward f~e consisting of ncarly bare 
looges of rock. Some of the specimens, brought home by 
Captain Wickham, contained fragments of marine shells, 
bul. others did not; and thc!le closely resembled a formation 
at King George's Sound, principally due to the action of 
the wind on calcareous dust, which I ha"e described in my 
work ou Volcanic lalands. From the extreme irregularity 
of tllefIC reefs Witll their lagoons, and from their position 
on a bank, the usual depth of which ill only 80 fathoms, 
I hays not "entured to class them with atolls, and hence 
hal's left tbe:u uncoloured.-Rwlt'y Shoals: these lie 
BOrne way from tbs N. W. coast or Australia: according to 
Captain King (Narrative of Survey, yoi. i. p. 60), tlley are 
of corol·formation. They rise abruptly from the sea, and 
Captain I';:ing found no bottom with 170 fathoms close to 
thcm. l'hree of them are crescent.shaped; a. third o\'al 
reef or the same group is entirely submerged (Lyell . 
Pri..llciplesof Goolog .. book iii. chap. x\·iii.); , coloured blue. 

·Sentl', Reefs, lying north of Rowley Shoals, are briefly 
deseribed by Captain Wickham (Xaut. Mag., 1811. p. 440) 
lUI of great size, of a circular form, and 'with smooth 
water within, forming probably a. lagoon of great extent. 
Thcro is a brcak on the wcstern side, where thero probably 

'[Bookiii.eh.llix.lllhedilion . .' 
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is an entrance: tho willer is ,'cry deep off these recfs; 
coloured blue. 

Proceeding westward along the grent "olcanio chain of 
tho E8.lIt Indian or Malay Archipelago, Solor Strait is 
represented as friuged ill a chart published by Dalrymple 
from a DutA:!h )fS.; as are parts of Ploru, AdtPJaT(l, and 
Solor. llorshurgh Spea.kB of coral growing on these shores, 
and therefore I hl"'o no doubt that the reefs are or coral, 
and ha\'o coloured them red. We hear from Horsburgh 
(,·o\. ii. p. (02) that a coral flat bounds the shores of Sapy 
Bay. Prom the sarno Ilutllority It appears (p. 010) that 
reeCs Cringe the island or Timor.Young, on the N. shore of 
Sumbawa; and likewise (p. GOO) that Bally town in 
Lombock, is fronted by a red, stretching along the shore 
at the distance of a hundred fathoms, with channels 
through it (or boats; theBe places, therefore, have been 
coloured red.-Bally Island; ill a Dutch MS. chart on a 
large scale of Java, which was brought from that island 
by Dr. lIorsfi('id, who hnd the kindness to 1J11OW it me at 
the India IIouse, its w('stenl, nortiJ('rn, and southern shores 
appear regularly fringed by a reef (see also liorsburgh, 
', 01. ii . p. 593); ana as coral is found abundantly there, I 
haye no doubt that the rC('f is of coral, and therefore have 
coloured it red. 

JAvA.-l' y information regarding the reefs of tllisgreat 
island is deri,-ed from the chart just mentioned. Thegreater 
part of Madura i8 represented in it &8 regularly fringed, 
ana likewise portions of the coost of Ja'·a immediately SOUtil 
of it. Dr. IIorsfield informs me that coral is \"eryabundant 
near Sourabaya. TIle adjoining islets, and parts of the:S . 
co&st. of JM'a, west of Poi/It Bua,,!]. or Japara , are fringed 
by reeCa, said to 00 of coral. L'~c/.;, or Bavia" Islands, 
lying at some dilltance from the shore of Ja"a, are regularly 
fringed by coral· reefs ; Curimo" Java appears equally so, 
though it is not directly said that the reefs are of coral ; 
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there is a. depth or between SO and 40 fathom8 round these 
islanda. Parts of the shore of Sumla Straits, wbere ilie 
water is from 10 to 80 fathoms deep, and the islets near 
B(Jwria appeaJ:' ill 8e"eral charts to be fringed. In the 
Dutch chan. the lIOuthern shore, in the narrowest part of 
the islan(l, is in two places fringed by reefa of coral. West 
of SegorrOluxlell Bay, and the edreme S.E. and E. shores 
are likewisc fringed by coral.reds; all tile abO\·e·melltioned 
places coloured roo. 

Na~(l.tlar Strait: the east coast of Borlleo appears, in 
most parts, free from reds, IUld whl're theyoecur,ason the 
coast of Pamarooll{/. the sea is \"cry shallow i hellcenopart 
is ooloured. In Macauar Strait itself, in about lat. 2° S., 
there are many small islal}(b with coral shoal8 pro· 
jecting far from them. There are also (olll charta by Dal· 
rymple) numl'rou8 little £lata of coral, not rising to the 
surface of the water, and shelving suddenly from five 
f"thoms to no bottom with 50 fathoms; they do not appear 
to ha\'e 0. lagoon·like structure. 'I'here are similar coral· 
shoals a little fo.rtlier south; and in Jat. 4° 55' there are 
two, which are engraved from modem surveys, in a manneJ:' 
which may represent an annular reef Witll dee)) water 
inside: Capt. Moresby, however, wLo was fonnerly in this 
sea, doubts this fact, 110 that I have left tucm unooloured: 
at the same time I may remark, that these two B.ho&Js make 
a nearer approach to the atoll. like structure Ulan any othcJ:' 
within tile E. Indian Archipelago. Southward or these 
shoalslhcro are other low islands and irrcgularcora!.roofs j 

alld in the sllace of &ea, north or the grcat \'olcallic chain, 
frow Timor to Java, we hM'e oiLer islands, slIch as the 
POItWioll', Kalaroa, Toka/~·BClletB, &e., which are chiefly 
low, and are aurrounded by "ery irregular and distaut reefs. 
From the imperfect charta I ba\'e seen. I hM'e not been 
able to decide whether U1e1 belong to the atoll or barrier 
clus, or whether they merely Cringe submarine bano, 

© The Complete Work of Charles Darwin Online 



238 APl'.El\DL'(. 

and gently sloping land. In the Bay or Bottin, betwe<!n 
tho two southem arms of Celebes, there are 1l\II11erOUS corn.l
re<!fs j but nono of themsoem to h9oVOlI.1l atoll-l ikestrncturo. 
I have, therefore, not coloured any of tho islands ill this 
Ilart of the sea.; I think it. howel-or, 6:lceedingly probable 
that some of them ought to be blue. I may add that there 
is a harbour on the 8.E. coast of Bouton, which, according 
to an old chart, is fonned by a reef, parallel to the shore, 
with deep wat!!f within; and in the Voyage of the Coqllilk, 
some neighbouring islands Bore represented with distant 
roers, hut I do not kllOW whether with doop water within. 
I have not thought the evidence $ufficilmt to permit me to 
colour them. 

SUHATRA.-Commeneing with the west CO&!It aud out
lying islands; Engalw Island is represented in tho published 
chari lUI surrounded by a narrow reef, and Napier, in his 
Sailing Directiolls, speaks of the reef being of coral (a1so 
Horsburgh, vol. ii. p. 115); coloured red. Rat Island (SO 
61' S.) is 8urrounde(1 by reefs of coral, partly dry at low 
water (Horsburgh, \'01. ii. p. OO).-Triu~ Island (4.0 2' S.) : 
the shore is represented, in 0. chart which I saw at the India 
House, as fringed in such II. manner, that I feel suro the 
fringe cOllsists of coral; but as the island is so low that tlle 
sell. sometimcs Bows quite over it (Dampier, Voyage, vol. i. 
p. <174) I have not colOlLrc(l it.-Pulo Dooa (lat. 8°): it is 
Baid in an oM chart tilat there are chasms in the reef round 
the island, admitting boA.t& to the watering. place, and that 
the southern islet consists of Ito mass of Balld and coral
Pu/c P~ang: llorsburgh (vol. ii. p. 86) saya that the rocky 
coral.bank, which stretches about 40 yards from the shore, 
is steep all round: in a chari, also, which I ha"o Been, the 
island is represented as regldarJy fringea.-Pfllo Mintao is 
lined with reefs on its west side (Horsburgh. ,·o\. ii. p. 107). 
-PuIoBalliak: the9l1meauthority{vol. ii. p.lOS), speaking 
of Ito part, says it is faced with corll.l-rockB.-Miu9uin (SO 
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80' N.); a coral reef fronts this placo, and projects into the 
sen. nearly a. qUll.rtor of u. milo (~otices of the I ndian Archi-
1l(llll.go, published at Singaporo, p. 1 OiJ).-Pulo Bra.s8a (5G 

40' N.): a ree(surroullds it at a enble'slength (Horsbw-gh, 
,·0J. ii. p. (0). I have coloured all tllO .bo,-e speci6ed points 
red. I may here add, that both IIorliburgh and Mr. Moor 
(in tho Notices jnet alluded to) frt!quently speak of the 
numorous reefs amI ba.nks of coral on the west coast of 
Sumatra; but they nowhere have the structure of a barrier_ 
reef, and Marsden (llistory of Sumatra) states that where 
the coast is Hat, tho fringing.reefs ellteud far from it. The 
northern and southom points, ami the grcll.ter part of the 
cast COll.st, are low, Il.m\ faced with mud banks, and there
foro without ooral. 

NICOBAU IsLANDB.-The chart represents tllO islands 
of this group lUI fringed by reefs. With regard to Grwt 
NiuJlJar, Captain Moresby inforws me thai it is fringed by 
reefs of coral, edending between 200 and BOO yards from 
the shore. Tho Northern Nicobar, appear so regularly 
fringed ill the published charts, that I hlwe no doubt the 
reefs are of coral. This group, therefore, is coloured red. 

AXDAlIA.>;" ISLASDs.-From an examination of the MS. 
chart, on a large scale, of these islands, by Captaill Arch. 
Blair, in the Admiralty, IiOveral portions of tho coast appear 
fringed; and as ][orsburgh speaks of coral-roefl! being 
numerous in the vicinity of these islands, I sllOUld have 
coloured them red, had llot 80me el.llressiolls in a llsper ill 
the Asiatic Researches (vol. iv. p .. 102) led me to doubt the 
existence of reefs; uncoloured. 

The coast of MalMca, Tamu8~ri m, and the coaslll 
northward, appear in the grea~r part to be low ana muddy : 
where reefs occur, lU ill parls of .JIalacca Straits, and near 
Si1l!J(lpor~, they are of the fringing kind; but the wate:r is 
80 shool, that I bM'e nqt coloured them. In the sea, bow. 
8\'er, between illalacca and the wost coast of Borneo, where 
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tllore is a greater depth from 40 to 50 fathoms, I have 
coloured red some of the groups, which are regularly 
fringed. The northern Naiunas and the Anambas Islands 
are represented in the charts on a. large scale, publisbed in 
the atlas of tllO Voyage of the Fat'ourite [by La. naco, 1881]. 
a.s fringed by reefs of coml, with very shoal watefwithin them. 
Tumbelan and Bunoa Islands (1 0 N.) are represented in the 
English charts as surrounded by a. "cry regular fringe.
St. BaTbes W 16' N.) is said by llorsburgh (vol. ii. p. 279) 
to be fronted by a reef, over which boats can land only at 
high water.-Tho shore of Borneo, at T1t11jong Apee, is also 
fronted by a. reef, extending not far from the land (llors
burgh, yol. ii. p. '108). These places I havo coloured red; 
o,lthough wilh some hesitation, as the water is shallow. I 
might perhaps have added Plllo Loot, in Gaspar Strait, 
L1«;epara and Carimata; but as the sea. is confined and 
shallow, and the reefs not ,'ery regular, I have left them 
uncoloured. 

The water deepens yery gradually from the whole west 
coast of BOr/!ro; and I cannot make out that it has any 
reefs of coral. Tile islands, llOwever, off the llorthern 
extremity, and ncar the S.W. end of Palawan, are frillged 
by very distant coral reefs : thus the reefs off Balabac are 
no less than five miles from the land; but the sea, in the 
whole of this district, is so shallow, that the roers might be 
expected to odend very far from the land. I have llot, 
therefore, thought. myself authorized to colour them. The 
N.E . point of Borneo, where the wa.ter is very shoal, is 
connected with Magindanao by a. chain of islands called 
the Sooloo Archipdago, about which I hll.\"e been able to 
obtain Yery little information; Pangootaran, although ten 
miles long, entirely consists of a. bed of coral·rock (Notiws 
of E. Indian Arch. p. GS): I believe from Horsburgb that 
the island is low; not coloured.-TaJww Bank, in some 
old charls, appears like a submerged atoll; not coloured. 
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Forrest (Voyage, p. 21) states that one of the islands near 
800100 is surrounded by coral-rocks; but there is no dis
tant reef. Ncar the S. eud of Bauel4l1, some of the islets 
in the chart accompanying Forrest's Voyage appear fringed 
with reefs; hrmce I ha,e coloured, though unwillingly, parts 
of the Sooloo group red_ The sea between Sooloo and 
Palawa.n,near the shoal coas~ofBornoo, is illterspilrsed with 
incf.,'Illar roof8 alld shoal patches; not coloured: but ill the 
northern part of this sea. there are two low islets, Cagayalu8 
andCaxilli, surrounded by extensive coral-reefs; thebreakers 
round the latter (Horsburgh. vol. ii-p.liIS) extend fi\'e or six 
miles from a sand.bank, wllich forms the only dry part; these 
breakers are steep to outside: there appears to be an opiln
iug through the reef on one side, with four or fil'e fathoms 
within: from this description, I strongly suspect lha' 
Cal-illi ought to be considered an atoll; but, as I have not 
seen any chart of it, e\'8n on a moderately large scale, I 
have not coloured it. The islets off the northern end of 
Palauxm are, like those off the southern end, friJlged by 
reefs, Borne way distl\Jlt from the sllOre, but the water is 
e:l;ceedingly sha.llow; uncoloured. The western shore of 
Palawan will be treated of under the China Sea. 

PHILIPi'INE ARCHlPELAOO._A chan on a large scale 
of Appoo Shoal, which lies near the S,E. coast of Mindoro, 
has been executed by Captain D. Hoss: it appears stoll
formed, but with rather an irregular outline; its diameter 
is about ten miles; there are two well-defined l)assages 
leading into the lagoon; close outsido and all round the 
l'\'t'f. there is 110 bottom with 70 fatholUS j coloured blue.
J/iIJdcro: the N. \V. coast is represented in sol'eral charts 
a~ fringed by a reef; Rnd Luban Island is Baid by Horsburgh 
('\'01. ii. 1)' 430) to be 'lined by a reef.'-Luzon.: ~Ir. 
Cuming, who has lately investigated with so much success 
the Natural History of the Philippines, infonns me that 
I length of about three miles DC the shore northward or 
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l'oillt St . .Jago i9 fringed by II. roof; as arc (TIOrshurgJl, 
vol. ii. p. 437) the ThrooFriar90IT Silanguin Da.y. Between 
Poillt Capones alld Playa. llonda., the coallt is 'lined by a 
coral-reef. stretching out nearly a Illile in some places' 
(l1orsburgh) ; and Mr. Cuming ,isit.ed IIOme fringing-reefs 
on other parte of the coast, namely, near Puebla, Iba, and 
hlansinglor. In tlle neighbourhood of Solon-solon Bay, 
the shore is lined (Llorsburgh, vol. ii. p. 4S()) by coral .roofs, 
stretching out a. gre.'lt way: there are also reers about the 
islets off Solilmague; and as I am informed by Mr. Cuming, 
nellr St. Catalina, and a little llorth of it, l 'be same 
gentleman informs me that there are reefs on the S.E. 
point of tllis island in front of Samar, oxtending from 
Malalabon to Bu!usan. These appear to be tho principal 
fringing.reeCs on the coasts of Luzon; &nd they ha.ve all 
been coloured red. Mr. Cuming informs me that none of 
them ba\"s deep water within; &lthough it appears from 
Horsburgh that some few extend to a considerable distance 
from the land. Within the l)hiiippine Archipeillgo, the 
ehores of the iel&nds do not appear to be commonly fringed, 
with the exception of the S. shore of Ma.tbo.l<!:, and nearly 
the whole of Bohol; which are both coloured red. On the 
S. shore of MlI{}illdallao, Bunwoot Island is surrounded 
(l\ccording to Forrest, Voyage, p. 253) by a coral-reef, 
which in the ohart appearsonoof tllO fringing class. With 
respect to the eastern COlUlts or tue arcuipelago, I have not 
been able to obtain any account. Prof. Semper has re, 
cently published II notice (Zeitschr. f. Wissensch. Zoologie. 
Bd. xiii. 1868. p. 558) respeeiing the coral-reefs of this 
archipelago. It appears that some of them come nnder the 
clUB of barrier-reefs; but as I have not seen a chart on II 

large scale, and know nothing about the depth of the wa~l 
outeide the reefe, nor about the slope of the encircled land. 
I cannot judge whether they propedycoOle under tbe barrier 
class. 
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n.~8UYAS IsL.ANDS.-llon!burgh MyS ("01. ii. p. 442) 
coral·reefs line the shores of tlle harbour in !"uga; and the 
charts show there are oUler reels about these islands. 
Camigui" hns its shore in parts lined by coral.rook (llon· 
bur~h. p. HS); and about flo mile off shore the depth is 
between 80 flJldS5 fathoms. The planotPortSan PioQuinto 
shows that ita shotes are fringl..(I whh cora]; coloured 
red.-B.\SIlEE ISL.,-""Ds: 110n!burgh, spea1.:ing of tbe south· 
enl part of the group (,·0J. ii. p. 415), 8ays the shores 
of both islands are fortified by " reef, Ilnd through some ot 
the gaps in it the natives Cllli pa~s in their boats in fine 
weather; the bottom ncar the land is coral·rook. From 
the published charts, it is evident that severnl of these 
isl/UJds are ",gularly fringed; coloured red. The northern 
i~lands fire lert uncoloured, as I have been unable to find 
any account or them.-FOIIllOSA: the shorllB, f"Fpecially 
tile western one, seem composed chiefly ot mud and Mnd, 
and I call1lot make out that tbey are anywhere lined by 
reefs, el(eept in a llRrbour (lJoraburgh, ,01. ii. p. 4 10) at the 
n:treme northern point: hence, of course, the whole of 
thia islaml is left uncoloul'C<l. The smail a!ljoining 
i~lands are in tile same case.-PATCHOW, OR MADJIKO'6111A 
GSOt"PB: Palf:htl$on: Captain Broughton says (Voyage to 
the N. Pacific, p. 191) that boats. with ROme difficulty, can 
pug tlnough the coral·reefs. wbich extend along tho coast, 
llParly IlllIr a mile off it. His boats were well sheltered 
within the reef; but it doee lIot 81)penr tllnt tile water is 
deep there. Outside tbe reef tho depth is ,'cry irregular, 
T'arying from {) to 50 fatbome; the form of the land is not 
tery abrupt: coloured red.-Taypin . .ron: from the de· 
Itription gil'en by the Mme allthor (p. 105) itappear1l tllat 
• nry irregular reef ol(tendB from the Bouthem islaud to the 
distflnee of several miles; but whether it encircleB 8. space 
of deep wBier is not evident; nor, illdeed, whether theBe 
outlying: reefs are connected with those more immediately 
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adjoining tl16 land; left uncoloured. I may here add that 
the ohore of Kftmi (lying west of Pateho\\') has a narrow 
rcohttll.ciLed to it. in the plan, in La. Peyrou8o's Atlas; but 
in the account of the voyage it is not stated to be oC coral; 
Ullcoloured.-Loo eROO: the greater part of the coast of 
this moderately hilly island is skirted by reefs, which do 
not extend far from the shore, and whidl do not leaye a 
dlannel of deep water within them, as may be seen in the 
charts accompanying Captain B. IIaIrs Yoyllge to Loo ChIlO 
(s6e also remarks ill Appcmlix, p. xxi. and lX\'.) There are. 
howovor, some ports with dlleI) water, forlllCo.! by reefs, in 
front of the ,-alleys, ill tllO same manuer as happens at 
AIo.urilius. Captain Dooehey, ill a letter to me, compares 
these reefs with those encircling the Society Islands; but 
tlu:re appe&r8 to be a marked difference behveen them, in 
the less distance at which the Loa Choo reefs lie from the 
land with relation to the probable !Jubmarine inclination of 
the land. and in the absence of an interior deep-I',a ter 
channel. lIence limve classed Ulesc reefs. with fringing
reefs, and colourd them red_-PE8cADOm;s (west of 
Formosa): Dampier ('-01. i. p. 416) has compared the apt 
pearance of thellB islam!s to the lIOuthem parts of England: 
they arein1erlaced with coral-reefs ; but liS lhe water is '-ery 
shoal . Rnd as spits of sand and gravel (llorsburgh. yolo ii. 
p . .J60) extend far out from them, it is impo8tlible to decide 
whether the reefs (u'e of coral. 

CmxA SEA. I-Proceeding from north to south, we first 
meet the PraUu Shoal (lat. 20" N.). which, according to 
Horsburgh ('-01. ii. p_ 995). is composed of coral. is of a 
circular fonn, and hu a low islet on it. The reef is on a 
le,-el with the water-8 edge, and when the su runs high, 

I [Tho ChifJll Scll hili in it many atolli. Tho)' are 01 large size, 
thougllllot<lQmplete,moatolthemhavingthjjrim lub,t1erged,"-ith 
Ihoreel aWllsh andillandB on parlB_ Somo are wholly lubmerged 
lihlJ(JIX/u,tUI4J.llUlk_] 
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there are breaken nearly all round; 'the water within 
seems pretty deep in some places; although steep ill most 
parts outRide, there appeftr to be several parts whe{e n. 
ship miRht ti11(1 allchorngo outside the brcllkeNl;' coloured 
hlue. The ParlUclll ha"e been accurately sun-eyed by 
Captaiu D. Boss, IUld chllrts on a large scale published : 
only a ellW low islets have bet>n (onned on these shoals, and 
this teems to be a general circum~tance in the China Sea ; 
the 8Ca clO8e outside th85e reefs is deep j several of them 
111\.\'(> n lagoon-like structure; ill otherc38es separate islets 
(Prattic. Robert. Drunmwml, .tc.) are so arranged round n. 
moderatoly shallow spaee as to appear us if tlley IHw ollce 
formed one large atoll.-Bombay Shoal (one of the Para
«'lis) IIIUI the fonn of an IUlnU!llr rC(!{, and is 'apparently 
deep witllin; , it seems to IUn'e an entrance (llonsburgh . 
vol. ii. p. 882) on the west side; it is "ery steep outside.
DiICOt.,tr!l ShO&i, also. is of an 0\'901 form, with a lagoon-like 
space witllin, and three Openillgsleading into it, in which 
there is a depth from 2 to 20 inUmma. Outside, II.t the dis
tance tllorsburgh, vol. ii. p. 888) of only twenty yards from 
the reef, BOundings could not be obtained. The P~ells 
are ooloured blue,-Jfaccusjield Bank is a coral bank of 
great size, lying east of tl18 Paracells; some parts are level, 
with " sandy bottom, but generally the depth is very 
irregular, Bnd intersected by deep dlannels; not coloured. 
-Scarb()TOII!Jh Shoal: this coral shoal is ellgra"ed with 

a double row of crOs&C!8, forming 0. circle, as if there 
lI"as deep water within the reef: close outsille no bottom 
~as found with a hundred fathoms; ooloured blue.~ 
The Ilea off Ule west Coallt of Palawan and the northern 
part of Borneo is strewed witl1 shoals: Su.'al/ow Shoal, 
acoording to I10rsburgh (vol. ii. p_ 481), • is formed, like 
"lOst of the shoals hereabouts, of a belt of corn I-rocks, wilh 
a LIl~ill of deeper water within.'-Halj-Moo" Shoal hilS 0. 

5imilarlltruelure; Captain D. Ross describes itas anllrrow 
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belt of coral.rock, 'with a basin of deeper water iu the 
centre,' and doep sea d(l!ja outsidc.-Dombay Shoal appears 
(Horsburgh, "01. ii. p. 482) 'to be a ballin of smooth water 
surrounded by breakers.' I ha.e coloured these three 
shoals blue.-Tue Paraqwu Shools are of a cireular fonu, 
with deep gaps running through them; not coloured. A 
bank, gradually shoaling to the depth of SO fathoms, ex· 
tends to Ilo distance of about 20 miles from tile northem 
part of Dorl/eo, and to SO miles from tl16 southern part of 
Palawall; llear tue land tbis bank allpBars tolerably free 
from danger, but a little further out is thickly studded 
with corsl·rods, which do not geuerally ri!1(l to tbesurfaee; 
BOrne of tllllm are "cry 5toop, whilsL others have a fringe of 
shoal-water round them. I should have thought that these 
shoals had 10\'cl surfaces, had it not boon for a statemcnt 
made by Horsburgb, ' that most of the shoals hereabouts 
are formed ofa belt of 001'&.1: • Ihavenot coloured them.
The coaijls o{ China, TonquiJl, aud Cochill.GhiJla, forming 
the weRtern bowldary of the China Sea, appear to be witb· 
out reefs: witll regard to tIle two last-mentioned coasts, I 
judge from an examination of the charts 011 a large scale in 
the atlas of the \'oyage of tbe Fal'(mri~. 

!sDIAS OCFJ...~.-SQUth Keelin!] atoll bas boon SI)eCially 
described iu my first cbapter. Nine miles north of it lies 
North Keeling, a vcry lilllaU atoll, sun'eyed by the Boo!]:", 
the lagoon of which iH dry at low water. - Chrntma.r hlanu,1 
lying to the east, is a bigh island, wiillOut, as 1 have be€n 

I (Thi. i~\t.nd i, detclribed in \ptten to/l'athr~ b,et.pt .. ;n& Wht.rton 
t.odi\fr.oie .. r(lol.xuvi.pp.12,413,andvo1.uxvii.I)·I!03;cf.a1oo 
p.Il:!:l). ltillOOmilufromJava,the intervcning OO(jan aUaining 
a depth of 2.480fathouu. It C()o.rida of coral limcstone. no othfr 
rockbeingvilible, ... bichriaeafromthe_toaheightofabolll 
1.200 feel.. At the hue i. eommonl,,, cliff .. bout SO feet high, and 
thereat"$t"lfolll'pertifnofciilfl:oneildeacribed .. bIoingfrom:lOOto 
soo feet bigh. Adfptbof 100 f .. tbomli.fO\lndt.toneort"lfocabl.· 
length from \.be ..... tet'. ed,ge .. 1 the hue of \.be low.tliue uf e1ifl'5.] 
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informed, any ret'f.-CEYLOS: a space of about 80 milea 
in length Oil the lOuth-western and 80uthem shoree of these 
islands has been described by lIr. TwynaIO (Naut. Mag. 
ItsSll, pp. 86;) and G18); and parts appear to be regularly 
fringed by coral-reefs, which extend from a quarter to half 
a mile from the shore. 'l'hese reefs are in l)laces breached, 
and afford safo anchorage for the small trading craft. Out
side, tho sea gradually deepens; there ie 40 fathoms about 
six miles off shore: 1 bave coloured thef<{! reds red. In the 
published charts of Ceylon, reef8 also allpear to fringl' 
lleveral parts of the south·eastem shores, coloured re<l.-At 
\"enlOO8 Bay tile shore is likewise fringed. North of 
Trincomaloo there are also reefs of the fl8111e character. 
Tile sea oil the northern part of CeJlon il exceedingly 
shallow; and UlCrcfora I haw not coloured the reefs which 
partially fringe portiolls of the IIhore8, and the adjoining 
islets, as wdl as tlle Indian promontory of Madttr(J.. 

CRAGOS, lHALDlYA, AND LACCADln: ARcIIll'ELAOOES.I

These three great groups of atolls and atoll·Cormed banks, 
have been oftell referred to in this ,'olume, and are 110W 

'Well known from the admirable surveys of Captain Moresby 
lnd Lieut. l)o,,"ell. Their published charts are ,,"ortIlY of 
the most attenti,'e examination. In the La.ccadjt·~ groUl), 
the atoll-like structure is less e,;dent than in the Maldivas; 
nevcrtheleaa the islanch are a1110w, not exceeding the usual 
height of coral fonnations (Il00 Lieut. Wood's account, 
Geograph. Joum. "01. vi. p. 29), and most of tile reefs are 
circular; within Bel'cral of them, ss I am informed by 
Captain ~loresby, there is deepish waler; thcse, therefore, 
hale been coloured blue. Direetly north of tlle Laccadi\'cs, 
Ilud almOl>t formillg llart of the same groul), there is a long. 
narrow, slightly-cun-ed bank, risillg out of the dellths of 
the ocean, eomposed of sand shells and dcca)ed coral, with 
from 23 to SO fathoms on it. I bave no doubt tbat it has 

'{SeeAppendi:l D.] 
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bad the same origin with the other ntoll·like ballks; but as it 
dOO8 not deepen townrds the centre, I luwe not coloured it. 
I might hlwe referred to other authorities regarding these 
throe archipelagoes j but after the publication of the charts 
by Captain Moresby (t.o whose perBOoal kindness ill giring 
me much information I am exceedingly indebted I. this 
would ha"e been superfluons. 

The Sahia de Malha Ba.nk consists of a series of narrow 
banks, with from 8 to 10 fathoms on them j they are 
arrallgO(l in a. semi·eircular manner, round a space about 
40 fathoms in depth, sloping to the S.E. to unfathomable 
depths; they are steep on both _ides, but more especially 
on the ocean·side. Henee this oonk closely resembles ill 
structure, and [ may ad!\ [rom Captniu Uoresby's informa.
tion in composition, Pitt's Dank in the Chagos group; and 
Pitt's Bank must, from what we know about the gnat 
Cbagos Dank, be cOllsi<leroo M a sunkell, half·destroyed 
RtoU; hence colourO(I bluc. ·-CaraMoI CaTajo8 Bank; its 
southern portion cOllsists of a. Ia.rge, curve(\ coral.~hoal, 
with aome low islets on the eastern edge, and likewise 
some on the western side, between which there is a depth 
of about 12 fathoms: norlilward, a great bauk extends. I 
cannot (probably owing t.o tile want of perfoot charts) refer 
this reef and bnnk to any clM8; therefore not ooloured.
Ile de Sable is a little island, lying west of C. CarajoB, only 
some toises in height (Voyage of tho ParOl/rite, yol. i, 
p. 180); it is surrounded by reefg; but its slructure is un· 
intelligible to me, Thero are some small banks north of 
it, of which I can find no clear aceoont.-MauritilU: the 
reefs round this i~land have been deeeribed in the chapter 
on fringing.reefs; coloured red, -RrK/ri{/uu: the coral· 
reefs here are wry extensive; in one part they project el"on 
fh'e miles from the shora. As far aa 1 can make Ollt, there 
is no deep. water channel within tllem; and the sea outside 
does not deepen "ery suddenly. The outline. howe"er, of 
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tho land appears to be (Lite of Sir J. Mackintosh, vol. ii. 
p. lOG) hilly and rugged. I am unable to decide whether 
these reefs belong to the barrier ciaas, as BOOms probable' 
from their grea~ extension, or to the fringing class; un
coloured.i-BOllrbon: the greater pa.rt of the shores of Ulis 
island are without reds; but Captain Carmicha.el (llooker's 
Bot. Misc.) states tllat a portion, IG miles in length, on the 
S.K side, is imperfectly fringed with coral.rcefs; I have not 
tbought this sufficicnt evidence fOr colouring the isitmd. 

SEWJIIELLEs.-The rocky islallds of primary formation, 
composing this group, rise from a yery extcllRi"e and toler
ably le\'el bank. haying a depth of between 20 and 40 
Cathollls. In Captain Oweu'schart, and in that in the aUas 
of the Voyage of the Fat:oltrite. it appears that the east 
side of J[ah~ aud the adjoining isleta of St. A 'me IUld Cut. 
are regularly fringed by coral-reefs. A portion of the S.B. 
part of Crlmuselslalld, the N. and part of the S.W. shore 
of PragU1t Island, IUld the whole west sido of Diyue Island, 
appear fringed. From a MS. aecount of these islands by 
Captain Ii'. Moresby, in the Admiralty, it appears that 
Silhouette is also fringed; he states that all these isllUlds 
are formed of granite and quartz, that they rise abruptly 
from the sea, and that' coral-reefs havegrowll round them, 
and project for some distance.' Dr. Allan of .lo'orres, who 
,iaited these islands, informs me that there is no dccp water 
between the reds and the shore. The abo"e specified 
points have bei!n coloured red. Amira1l/u llliand.s: the 
~mall isllUlds of this neighbouring group, according to the 
:\IS. account of them by Captain F. Moresby, arc situated 
on an extenBh'e bllnk; they consist of the d6bris of corals 
and shells; they are only a.bout 20 feet in height, and are 

, ~TheJllI.re fringing·reeb of. width 01 four .nd. h.lf mileJI to 
\('e....ru and 0' • few yardl to windw.rd. Outside them tho w.ter 
.boat. gradually. Tho idand i, high and b&IIt.ltie, with upraitOO 
wral in manYI'Ia<:e. up to a heigh~ of about 6-0 feet abo~o the __ 
Capl.Wharton. SeeAJlJlend;"U.) 
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etlyironed by reefs, 80me attached to the @ilore, and lOme 
ratller distant {rom it.-l have taken i'aios to procure 
plnns and inConllatioo regarding the IIOvero.l islands which 
lie to the S.E. and S.W. of !.he Seychelles j {rom accounts 
gi.en me by Captain F. Moresby and Dr. Allan, it appeafll 
that the greater number-namely, PlaUe, Alphonse, C~tit'i, 
Go.kga, Prcn;oitknu, St. Purre, Adm'a, Allomption, and 
GloriA:no I-are low, formed of und or coral.rock, and irre· 
gWarly shaped; they are s.ituat(l(l on very extensl,'e banks, 
alld are in coonection with great coral-reds. Galega is 
said by Dr. Allan to be rather higher than the others j and 
St. Pierre is described by Captain 1<'. Moresby as beiJlg 
ca\'emoUB throughout, and as not consi~ting of eiUler lime
stone or granite. These islands, as well aa tbe AmimnteR, 
certainly are 1l0~ atoll-formed, and they aeew to differ from 
all other groupe; 1 ha"e not coloured them; but. probably 
the reefs belong to the fringing class. Their {ormation is 
attributed beth by Dr. Allan and Captain }<~. Moresby, to 
the action of the Cllrrent~, here exceedillgly violent, on 
banks which no doubt ho.ve harl an independent geological 
origin. They re~mble in many rt!~pecta some of the 
i~lands and banks in the Wes~ Indies, which owe their 
origin to a similar agency, in oonjwlction with an e1en
tion oC the entire arca. In c1086 vicinity to the above 
fJ(lvcral islalldll, there are three othen of all apparently 
flifforent nature j fifllt, luau de Not'a, which appears from 
some plans alld accounts to be an atoll, but from othen 
thi9 does not appea.r to be tile case; 1 not coloured. Secondly, 
COlmOkdo: 'thia group consists of a ring of coral, wn 
leugues in circumference, and. quarter oC a mile broad in 

, (Platte, CMtiri, t.nd Gakga have narrow fringi",·reeb.-C.l't. 
Wharton.~ 

• (/ualliU!.-(lt>Qi ... nimperfed .. toll. The l.landtonilllet..t~rn 
orweather"';dehavebeen •• i&ed.houlijorlQ fool. Theweateml'arl 
II lubmerged.-Cal't. Wh.rlOn. A ooral·bank, with Ii fathom ..... ter 
OD illlrelCliei oft the lOuthe.n end.-Lieut. ell .... Smith.] 
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some places. inclosing a magnificent la/:,oon. into which 
thcre did not appear a single opellillg' (Ilorsburgh. yol. i. 
1).151); ooloured blue.1 Thirdly, A/dabra: consists of 
throo i811:18. about 2,j feet in heiglJt. with red cliffs (Hors· 
burgh. yol. i. p. 1 iO). surrounding a Yt:ry shallow La~in or 
I..soon. The llCa is profoundly deep close to the shore. 
\"iewing this island in a chllrt. it would be thought to be 
an nt.oll; but the foregoing d(lllcription shows that there 
is something diffcrent in its nature; Dr. Allan abo states 
that it is C!l.\'enlOU.B. and that the coral·rock has a \"itrified 
appearance. is it an uphea\"ed atoll, or the crater of a 
\-olcanO?-Ullooloured.1 

COllORO GROl:I·.-JIayotta, acoorWllg to Horsburgh 
(\"01. i. p. 216, lUI rod.). is complctdy surrounded by a 
rt'ef, which runs at the dbtance of thne. four. and in some 
rlaces e\"(!lI five miles from the land j in all old chart, pub· 
Iislled by Ualrymple, a depth in lllRny pl~8 of 86 lUld 88 
fathOIl1S is laid down within the reef. III the Hallie chart. 
the space of open water within the rt>e( is in SOllle llRrtH 
e\"en more than three miles wide: tl16 lalld is bold and 
pealwd j this island, therefore, is encirded by !l. well· 
cha!"II.Cterized barrier.reef, and is coloured l)sle blue.
JoOOl/rIa: llorsburgh says (Yo1. i. p. 21il. this island from 
tlie ~. W. to the S. W. point, is bounded by a reef, at the 

'[TbeiolandloD the ring huebefn ul',"*ioedaooul 101('1:'1.
Capl-WhArton. 

'[Al<l.lbrni.anllprailledawll2"2milHlonl!;tloela'fOOniln@arly 
dry al 10 •• 'ler. The heighl 01 the rock on the eneire!illg i~lalldl 
i.lWlerl,anditdeflCcndlonoothaidellothewawrIMthaldi.tanoe 
in I clitr, thollih on the l8jJOOn ~idethe col1ll i~ much di"int~l{Bted by 
lhe rulnf:\'(I,·el. Thi. i. the only i.land in the Indian Oi:ean where 
the g4lallti~ tortoillt,ol a distinct 8pede., ui_t!l.··CaI't. Wharton. 
Ho ... bul"1lh·laceounli.miBleading,unfilhertho~('litr,norhigh 
ro_~ Wl'~ 10 ~ 'Ollnd. It i. emirel,. oomJlOll<-d of ooral·rock ,,-jib 
aiinegroatbofmangrovn,inelot<;l18anextofn.i,ebutahallo.t.goon. 
Then) ;. a ,arro. riband of ~ falholllll water nlnni", 8 mil" into the 
1&&001:1 from the N.W. COrDer.· Lieut. Chu. Smilh.] 
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distance of two miles from UlC shore; in some parts, how. 
ever, the reef must be attached, since Lieut. Boteler (Narr. 
vol. i. p. 161) describes a pll~sage througll it, within which 
Ulere is room only for a few bolltS. lts height, as I am 
informcd by Dr. Allan, is about 3,500 feet; it is "ery pre· 
cipitous, and is composed of granite, groonstone, and 
quartz; coloured blue.-Mohilla: on the S. side of this 
island there is anchorage betwoon a. reef and the shore 
in from 80 to 45 fatilOms (Horsburgh, "01. i. p. 214); it 
appears also encircled in Captain Owen's chllrt of Mada· 
gascllr; coloured blue.-Great Cornaro Island is, as I am 
informed by Dr. Allan, about 8,000 foot high, lind ap· 
parenUy VOIC!l.llic; I it is not regularly encircled; but reefs 
of various shapes and dimensions jut out from every head· 
land on tile \V., S., and S.E. coasts, inside of which reefs 
there are channels. often parallel with the sllOre, with deep 
water. On the :-l".W. coasts the reefs appear attached to 
the shore. The land ncar the coast is in some places bold, 
but generally speaking it is flat; Horsburgh says ("01. i. 
p. 214), the water is profoundly deep close to the shore, 
from wllieh exprcssion I presume Borne part~ Rre without 
rccfs. From this description, I apprehend the reef belongs 
to the barrier class j bnt I 11II.ve not coioure(l it, as most of 
the charts which I have seen represent the reefs round it 
as ,'ery much lcss cxtensive thnll round the other islands 
of the group. 

MADAoA8cAII.-My information is chiefly deri\'cd from 
the pnblisllcd charts by Cllptain Owen, and the acCOUllts 
gi"cn by him alld by Lieut. Botcler. Commencing at the 
S.W. extremity of the island: towards the northel'll part or 
Star Bank (ill lat. 2ii~ S.) the coast for tell miles is fringed 
by a reef; coloured red. The shore immediately S. of St . 

'[GreatComoroi,yoieanieandaboutS,(iOOfeelhigh. 'there;. 
a iitUe fringing.reef 011 the north and on the wuth..ea5t 6id~._Licut. 
ehas.Smith·1 
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• .{II!1I1IIi1l'& Day appears fringC!d; but TIIlkar llnrbour, 
directly N. of it, is fonned by a narrow red ten miles long, 
u.tending parallel to tlle shore, with from 4 to 10 fathoms 
within it. If this reef had been moro extensive, it must 
hll\'e been classed as Il barrier-reef; but as tho line of coast 
Calls inwluds here, a submarine bank perhaps extellds 
parallel to the Bhore, which has offered a foundation for 
the growth of the coral; I hnve left this part uncoloured. 
From lat, 22° 10' W 21° ST, tllO shore is fringed by coral
reefs (aoo Lieut. Boteler's Narrati\'o, \'01. ii. p, 100), les8 
than a mile in width, and with SIUlllow water within, 
There aro oulI)ing coral shoals in Reveral pam of the offing, 
with about 10 fathoms between them and the shore, &ll(i 

the depth of the sea one mile and a half seaward, is only 
about 80 fnihollls, The part abo"e specified is engra\'oo on a 
large scnle; and &8 in the charts 011 rather a. slllaller scale 
the same fringe of reef extends as far as lat. 28° Hi', I 
ha\-e colourC(l the whole of this part of the COllSt red. The 
i~lands of Jl@ldeN<n:a(in lat. 17° S,) appear in tllecharts 
on a large Bcale to be fringed, but I have not been ablo to 
sscertain whether the reefs are of coral; uncoloured. The 
main part or the west coast allpeaN to be low, with outlying 
SAnd banks, which Lieut. Bot(ller (vol. ii. p. 100) BIlyB, , are 
laced on the edge or doop water by a line of sharp-pointed 
coral-rocks.' Nevertheless I ha\'e not coloured this part, 
as I cannot make out by the charts that the coast itself is 
fringed. The headlands of NarreluJa and PalSamlat'aBay& 
(HO 40') and the islallds in front of Radallla harbour are 
presented ill the plan.!! as regularly fringed , and have 
accordingly been coloured red, With respect to the East 
Coa.st of Madllf}alcar, Dr, Allan informs me, that tho whole 
line of coast, from Tamatave ill 18° 12' to C, Amber at the 
extreme northern point of the islllIld, is bordered by coral. 
roofs, The land ill low, uneven, and gradually rises £rom 
the coast. From Captain Owen'lI charts, the existence of 
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reefs, which evidently belong to the fringing class, N. of 
British Sound and near Nyoney, might. also have been 
inferred. Lieut. Boteler (vol. i. p. 155) speaks of' the reef 
surrounding the ie1and of St. Mary's at a. small distance 
from the shore: In a previous chapter I have described, 
from the inCormation of Dr. Allan. the manIler in which 
the reefs extend in N.E. lines from the headlands on this 
coast, thus sometimes forming rather deep channels within 
them: this seems caused by the currents, the reefs spring. 
ing up from the submarine prolongations of the sandy head· 
lands. The above specified portion of tho coast is coloured 
re<l.l The remailling S.E. portions do not appear in Imy 
pubtisllCd chart to possess reefs of My kind; and the Rev. 
W. Ellis believcs that there are none. 

EAST COAST OF AFRICA._The northern parts appear, for 
a considerable space, to be without reefs. My information, 
I mayobsen-c,is derived from the sutveyby Captain Owen, 
together ,,;th his Narrative; and that by Lieut. Boteler. 
At Mltkrlusha (2° I' N.) there is a coral·reef extending 
four or five miles along the shorQ (Owen's Nar. "01. i. 
p. 857), which in the chart lies at a distance of a quarter of 
a milo from the sbore, and has witllin it from G to 10 feet 
oC water: this then is a fringing. reef and is coloured red. 
From J/tOO, a little B. of the equator, to Lamoo (in 2° 20' 
B.) • the coast and ishmds are formed of madrepore' 
(Owen's Narrative, vol. i. p. SGB). The chart of this part 
(entitled Dunda8 Islands) presents an extraordinary ap· 
pearance ; the coaet of the mainland is quite straight, and 
is fronted at tbe average distance of two miles, by exceed· 
ingly narrow. snaigiJt islets. fringed with reefs. Within 
this chain of islets, there are eltensi"e tidal £lats and 
muddy bays, into which many rivers enter: the depth of 
these spaces \'aries from one to four fathoms-the latter 

'(Thenorthernend(>fM&dag .. ~ar,ofvoleanieorigin,h"8upraise,1 
eoral,and is fringed witb li,·ingcora!.-Capl.Wharton.] 
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depth not being common. and about 12 feet the average. 
Outside the chflin of i~lets, tho Bell, at ilie distance of a. 
mile, \·lI.ries in depth from 8 to Hi fathoms. Lieut. Botder 
(Sar. vol. i. p. 809) describes the muddy bay of Palla, 
which seems toresembleother parts or the CO&!It, as fronted 
by small, narrow, level islets formed of decomposing coral, 
the margin of which is seldom of groater height than 12 
foot, O\-erhllnging the rocky surface from which the islets 
risc. Knowing that the islets are formed of coral, it is 
1 think IICarcely possible to ,iew the coast, and not at once 
conclude that we here see a fringing. reef, which has been 
upraised a few foot: the lilUSUII.I depth of from two to four 
fathoms within SOl'tC of these islots, is probably due to the 
mud of ilie rivers having pre\'ented the growth of coral 
near the shore. As sa,'eral parts of this line of coast are 
undoubtedly fringed by living reds, I ha\'e coloured it 
red.-Malunda (8" 20' S.): in the plan of the harbour, 
the south headland allpears fringed; !lnd iu Owen 'a chart 
on a. larger scale, the reefs are seen to extend nearly 30 
milea 8Outhward; coloured red. Mombal (4" 6' S.): the 
island which forma the harbour' is aurrounded by cliffs of 
madrepore, capable of being remleted almost impregnable' 
(Owen's Nar. vol. i. p. 412). The shore of the mainland, 
~. and S. of Mombas, is regularly Cringed by a coral·reef 
at a distance from halC a. mile to a mile alld a quarter from 
the lalld; within the reef the depth is !rom 9 to 16 foot j 

outside the red the depth at rather 161111 .han half a mile 
is SO fathoms. From the charts it appears that a space 
about 80 miles in length, is here fringed; ooloured red.
Ptmba (5° S.) is an island or coral format ion, level, and 
about 200 feet in height (Owen'a Nar. vol. i. p. 425) j it is 
8ii miles long, and ia separated from the mainland by a 
de<>p sea. 'l'he outer OO&9t is repreaented in the charts as 
"'Bular]y fringed; coloured red. The mainland ill front of 
Pcmba is likewise fringed.-Zallzibar resembles Pemba ill 
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most respeets; its southern half 011 the western side 811d 
the neighbouring islets are fringed; coloured red.' On the 

'lTllo following interesting accouut 01 Zanzibar is oont.&ined 
in a leIter from Captain Wharkm, lound among Mr. Darwin'B 
papers:

'Zanziharaeeml!tometoha~cunderguneBe,·erslmotioneof8ub· 

$ideu~e .. ud upheA\"al,thelatter~ingthe latest; it appelll1l now 10 
bave been lormauy ycars nearly stationary. 

'The isiandatpTel!entiBIurroundedwitb a nearlyperlectlyOat, 
dcad,alteredcoral ledge, more or i8llll dry at low water, without doubt 
the rei!UIIOI long lLCtion of Ihe_on Ihe upheaved aneicutand com· 
prcssed corsi 01 which the iil.land is principally formed. ThiijlLCliou 
bu worn away the _ face 01 Ihe land to Ihe level 01 low waloCr lor a 
di~tance,in80mein$tanc&a,ol 11 mileoin&ide!.heorigioalhieh.wster 
line, which now N'mainll 11.8 a steep rim, dropping \0 10 aud 20lathom. 
almost imme<iiat<lly, with (on the onhide 01 the island) 100 fathom. 
wi!.hinaquarlero! .. mile. l couldseenosignofthiBledgenteud 
ing IleBw:!lId,tlIOUgh tllel"1l is living coral on it3 steep facevilliblo .. 
few !oot below Bt low WlIter, but this is not abundBnt, 11.8 it il on 80me 
ol thedelachedreelsolftheialand. 

'Tbeprellenthigh."·Blerlineolthei.IBndBtthebr.ck 01 !.hia flat 
BreaiB, lorlhe m~jor pari 01 ils perimcl<!r.B cliff 01 !.he .... me 01,\ 
corallrom 10 10 20 loot in height,undermined by the wa~es, Bnd 
overhanging. in IIOme places, 10 B marvellous OIlent. showing Ihe 
hardne5lland coh(!8;on of the mal<!rial,an(1 gi'~ng ... nolion 01 the 
long period of time necessary 10 wear it a,,·ay. A8afur1hcrproof 
of this is the lact o! "ery few latdy detached pie<:eII OOingaeen at Ihe 
foo~oltlledilfs,thonghthoblooks,"'hentheydofal1,mustbe large 
aodnoteuilymovedhythelll!a. 

'In molll pariBof Ihei8hUld thel.o""o! Ihcae low cliffs rIln bBck 
from !.he ae& nearly io\"el for a greal<!r or leu dislanoo, Ibowing waler· 
worn coral wherever Ihe surface rook i. e%poeed, aO(\ indicating 
anotherBtlltionBryperiodoroneo!\"eryslowupheBval. Outo! till" 
lovel the higher IBndB 01 the islBnd rise. 

'Za.nz.ihBris inl<!rseeted hywhB~msyberegardedB53linesofhinl 
running norih and lOuth,the highest 01 thcm ~i"84::;O footaoove 
!.he sea. 

' I regret to add that I cannot !lily 01 what lormation theM hilla 
maybe; I canuol call 1.0 mind any rock OOyon(1 the ooral, which 
cropo oul at conBiderable heighb(iu ooe inBtanee 250 I<l<!t),butthere 
i'e good deal of hardened clay or wudBtoue, which generally appeara 
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main land, a little S. or Zanzibar, there are some banks 
parallel to the coast, which I SllOUld IIM'6 thought hnd been 

inlh6ra,·inell.~ ... ndonth6b"Na.ide.ofth6hiUB,buttherem .. y 
beolherl'OC'klyingunderlhia. 

·Tbe....ney .. orralb~fI. .. lp1aina,betweenlherangetlofhill .... re 
mootly (parlicult.rlylO Ihe south) coral, worn and rO\lJl:hened, un· 
doubtoxllyby ..... tcr. These .. regenerally .. bouISOfeetabo'·6Ihe 
IU. Scverlllisolated hill.& 01 coru.l stanol on thefl(l!,lain~, thcirhR8eB 
bPingundermined .. ndwon' pre<:isclyulhepNlent eliffa, .. nd Ihei r 
O~I lummi .. present Ihe ... me appeAran~ . 

• The whole tl,ieknea 01 the corsi of Z .. nzibar must be nry great. 
·TheCQl\lltoftheDUlinl .. nd .. bQut7..an~ibari •• imil .. rtothei.land, 

an,\, .. s fllr lIS I know them, Pomb., Montia, .. nd the coast far north 
and leuth lire the lame. 

'The outlying &"d (Ietachoxl re<'l~ IlroO! two kinds, IhollOgrowi"g 
npwithlh'ingcoral,&ndth0B6ofde&dcoral,likethei.I&ndwMhing 
"..,lu .. lly"'''''Y. Of these l .. t~r many Itill have ",,'cl i.letJ lIud 
rock. on them, remn .. ntJof .. fonner nphS"a!; othen IIfford .. found· 
.. tiontoeoralund·bt.nklth .. t .. redry hi8h .. tlo ....... ter ... ndother. 
u., pomeelly amocO. and oovered .. t hillh .... Ilter, being iust .. wuh .. t 
lQ .. tirl~. Ofth" seeond ofthese,llre Ihe reef. referred. 10 by you III 
page~J8 ... deEICribe(1 by Lieut. Boteler .. 8 IIInd.bllnks. That doseri". 
tinni!erroneon$. 

'One ill/Uld, mentioned in the beginnill80f the centnry,had by 
Capt. Owen'. lime (182.'» been reduced to a It.ml·head .. I ..... ,.. Yi~iblo. 
Xo .. (18H)e>-en ihia huonlir.,lydisappe .. red, .. nd the reef on ... hieh 
it ltoodi.n .. tandb .. re. 

'ThiliBlheonlyinltanCfJinwhiebIhllveboen .. blotom&ko&ny 
,tliaw., comparison between Cal't. Owen', chart and mine, III to 
re<lu~lion ot .-eels. 

'A.totheperh"",atilirnoreintereoitingquelllionofgro ... ingcoral, 
I h.nbeen unable IOmake .. ny.uch ... O .. en' ... oril: ...... aocursory 
and hum,..) th .. ~ i~ is impoMible to know whether he Itruck Ihe 
ah,,..I, .. 1 parl of & ref'f. 

'Th~m i~, indeed,one instance tb&I. if not illOl .. IOO, might h .. ve been 
oluoe. lIedcserioo. .. parlicul .. r shoal u being a 'knoU ,,'ilh dcep 
_It<-r .. ll round,'and in hiICh .. rt, 7 flllhom,ilmlrkedouiland25 
IltholUl lround. Th .. tpatehhu now only 1~ lalhomson it .. nd20 
fathonllronnd. . 

'Thi", .. Itogether, locb like upheaval of the whole holtom; but .. s 
iD mOlt iuslaucClil onr lIOundiugs agree remarbbly weH, 1 cannot think 
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formed of coral, had it not been Baid (Doteler'B Nar. vol. ii. 
11. 39) tilat the." were compose(l of Baud: not coloured.
L(ltham'& Bank i8 a small i~laml fringed by coral·reefs; 
but being only 10 foot high it has not been coloured.
Jfonjua is an i~land of the same character lUI Pelllba: its 
ouwr shore is fringed, and its souUwm extremity is con· 
nected witll ]\:e('lwa POiJlt on the main land by a chain of 
islands fringed by reefs; coloured red. The four last·men
tioned islamb resemble in many respects some of the islands 
in the Red Sea, which will presently be deseribed.
Kullm: in Ito plan of the allore, a Bpace of 20 mileB N. al1d 
S. of tbis placo is fringed by reefs, apparently of coral; 
these reefs are prolonged still further southwards in Owen's 
general chart. In the plans of the rivers Lilllly alltl ][ollg
how (00 59' and 10° 7' S.) the coast seems to ha\'e the same 
structure, coloured red.-QlterimbG I$kuu13 (from 10° 40' 
to 18° S.): a cllart on II. large scale is gi"en of th~se 

islands; they are low and of coral formation (Boteler's 
Nat. vol. ii. p. oj) j and generally have exwnsive roofs pro· 
jecting from them, which are dry at low water, alld whicll 
on the outside ri~e abrupily from a deep sea; on the inside 
they aro ,*,paraled from tIlO continent by a channel, or 
rather a succc~sion of bays, with an II.vemgo depth of 10 
fathoms. Tho slIlali IlCadlands on the continent also have 
coral ba.nks attached to them; and the Querimba iRlal\ds 
and banks are placod on tile line of prolongation of these 
headlands, and are separated from them by very shallow 
channels. It is evident that whate"er cause, whether the 

IllAtlbAlean be.a. On Iheolllerhand,lhereefiIIOIIUanlU\dthe 
bottom 110 d<'&', Ih., it is difficult to undcriliand how they could 
have miaed tbe liloaler .... ter if it nisted then, .. i, i. "ery plaia 
10_. 

'Ower n:-ets, .. ilh from 7 to 10 fathom, on Il.em, leem not to haft 
altered. 

'W. J. S. WIUllTOS, Conun.nder R.N. 
'Mauriliu,; Scpi. 16,1874.] 
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drifting of sedimenl. or subterranean movements, llroduccd 
the headlands, likewise produced, as might luwo been ex. 
pected, submarino prolongations to them; al1(1 these to. 
wards their outer extremities ha\'e since afforde<l "favour. 
able basis for the growth of coral-reefs, amll1ubsequentiy for 
the fonnation of islets. As these reefs clearly belong to the 
fringing cia"-s, the Querimba hlands have been coloured 
red.-Mol/abita {l3° 82' S.): in tho Illan of tllis harbour, 
the headlands outside are fringed by reefB apparently of 
coral j coloured red_-J[ozambiqu8{15° S.): the outer part 
ef tile islaml 011 which tbo city is built, and the neighbour
ing islands are fringed by coral-reefs j coloure<l red. 
From the description given in Owen's Nar. (vol. i. p. 162) 
the shore from .Mozambique to Ddagoa Bay alllK'al8 to be 
low snd samly: lllally of the shoals aud islets off this line 
of coast are of coral formation; but from their small size 
and 10wncllS, it is not possible, from the charls, to know 
wbether they are truly fringed. Hence this portion of 
coast is loft uncolouroo, as are likewise those parts more 
northward, of which no mentiOl) has been made in the 
foregoing pages, Crom the want of information.' 

Pr.IlBIA1'1 GOLI'.-From thecllarts Ill.lelypublished on II. 

large scnlo by the East Indian Company, it Il.ppelll8 that 
8t>\'cral parts, e~pocially the southem shores, are fringed by 
coral-roofs; bu~ as tile water iB very shallow, and as tlJew 
Ire numerous sand· banks, which are dinieult to distill . 

, 'The whole of lh~ easi.em coast of Alriel, lrom the @(]UltOf to 
:Youmbl(IU~(BtleBstJ ilof upraised coral,and so Ire the oUllying 
island.. Frinlfing-reell ocx:ure"erywhe11!,pBrtlyfofmedbythe 
ICti"nofthelC'awearingba.<:klhetlpl1l.i~cornl.an(lp8rtlyby 
Ih·;,'IIeo .... l. In ZanzibarundoubtedcoraltiMI;me.loneuiSl.sal 
100 let'l,an(1 a limeltone of originuy~ttlndetennined at 800 feet. 
- W. FromWl8intoPlngani(looutlll . .50S.)lhereillbf.rTierol 
br~et:o .. l_rorf~ from 'l to.5 miles off ahore "'itha deep chlnnel inside, 
IOmMimM u much IS ZO falhoms in dC]lth.-Lieul. Cha •. Smith._ 
l"rolllllr.il&rwin·'palle1"l.] 
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guish on the ell/In from reefs, I have not coloured the upper 
Imrt r~l Towards tho moutll, howeyer. where tho water i~ 
father dceper, tho i~lanaa or Ormuz and Larrack, appear 
so regularly fringed, Iohat I ha.ve coloured them rod. There 
are certainly no atolls in the Persian Gulf. Tho shores of 
1l11maum, and of tue promontory (onnulH the ~outhem bead· 
1all(1 of tho Persian Gulf, seem to be without reefs. The 
wbolo S.W. part of Arabi4 Felix, except one or two small 
patches, and the shores of Socoira appear from the charls 
alia the mCllloirof Captain Uailles (Googrtl.ph. Journ. ISS!), 
p. 125) to be without roofs. I heiitn"o litt!To Ilro 110 exten
sivc corol·reefs 011 D.nypnrtof the CORSts of Ilidia, except on 
tho low promontory of Madura (a9 already mentionM) ill 
front of Ceylon. 

lh:o S~a.~My inConnution is chiefly derin~d from the 
admirable cham published by the Ea.st India Company in 
1830, from per8011al communication with Captain }'fore~by, 
ono of the surveyors, and from the excellent memoir, 
, Ueber die ~aturder Corallen-Blnkendes Ilothon )Ieere~: 
by Ehrellbcrg. The plains immediately bordering the R&d 
Sea &0<'111 to consist chiefly of a sedimentary formation of 
the nower tertiary pcriool. The !Ohore is. with the cl;eeptillll 
of a few parts, fringed by coral-reek The water is gener
ally profoundly deep cloMl to the shore; but this faet, which 
has attracted tho attention of most ,-oyagers, seems to ha\-o 
no neces~ary conllcction with the prescnco of rcefs; r')l 
Captain )Coresby parlicularly observed that, inlat. 21' 10' 
on the eastern side, there is a piece of COOl!t \\;th "ery deo.-p 
water close to it, without any reeB, but uot differing in any 
oilier respect from the u~ual coast line. The most remark
able feature in the ned Sea is the chain of Hubmcrged banks, 
recfa, and islands lying SOUle way from the shore, chiefly on 
tllO castenl side; the apace within being u<.'Cp enollgh to 
admit safe navigation ill small ,'09sols, 'l'he banks are 
generally of o.n ovo.l fonn, and some milos in width j bU5 
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some of them are wry long ill proportion to tiu!ir width. 
Captain Mo~hy informs me that any olle who had not 
malhl 8('tIlI1I11Ian. of them, would be apt to think thattllcy 
'Were much more dougated than they really are. ~lallY of 
them ri,jCj to the surface, but the greater Ilumber lie from 5 
to SO fatholUs beneath it, with irregular soundings on them. 
They cOl\sist of salld and livillg coral; tlU! latter ill most 
ea~es, accorlling to Captain l[oreshy, covering the greater 
part of their surface. They extend parallt'l to the shore, 
and are not unfrequelltly ('onnt'Ctell ill th('ir mi(ldle parts 
bv short tran~\"erse banks with the main llln(]. l'be sea is 
g~nerally profoundly deep quite c1086 to them, as it is near 
most parts of the coast of the maill illoIld; but this is not. 
uni\-ersally the case, for between lat. 15° amI 17° lhe water 
d,'epens quite gradually from the banks, both 011 the castel'll 
all,) western sbore~, In mallY parts islands ri86 from the 
banks; they are low, flat-topped, Illld consist of the same 
horizontally stratili.e(l formation with that fonning the 
plain-like margin of the main land, Some of the smaller 
Ilidiower i~llllllls consist of mere sand. Captain Moresby 
informs me that small ma~ses or rock, lho remuilnts of 
iaianf1s, are left on many of the banks whero there is 110W 

no dry lam1. Ehrenberg also asserts that most of the 
i~lelB, ann Lhe lowest, have a flat abraded basis, com
posed or the same tertiary fonnatioll aa elsewhere: he 
I:otli~-,\'ea that as soon as the surf wears tIown the protube
rant po.rt. of the hanks to just benl'ath the le\'el of the sea, 
the iurftLee becomes prott'Cted from further abra~ion by tlle 
growth of coral, alld he thUB accounts for the existenee of so 
many hallkB stsllding on a level with tIle surface of this sea. 
It appears that most of tlle islands are certainly decreasing 
in size. 

The banka B.lld islands are curiously shaped in the parts 
just referred to, namely, from lilt. Hi· to I70

, wllCro the 
sea deepens quite gradually: the Dhalac group, on the 
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western coa~t, is surrotmded by 8n intricate arellipelago of 
islets and shoals; the main is.hlolld is. irregular in outline, 
and includes a bay I!(l\'en mile!! long, b~' tour ~ros~. in 
which 110 bottom was found with 262 reet; there is only 
one entrance into it, haIr a mile wide, and witll an island 
in Iront. 'fhe submerged banks on the eastern coast, 
within the same latitudes, round Faria" Island, are, like_ 
wise, penetn.t..·,j by mally Ilarrow creeks of d(!(>p ".-uter; 
one is twelve miles long, in the form ot a hat.chet, and close 
to its bl'olld upper end, soundings were not struck with 
SOO foot; its entrance is only half a mile wide. In 
another crook of the same nature, hut en,» ..... ith a mol'\l 
irregoJlar outliIle, there was no bottom with ~80 feet. L The 
island of Farsall itself, lIns as singulnr a form as nny of its 
surroulllling banks. 'file bottom of the sea round the 
Dhalac and Farsan l!!lands consists chieOy of sand and 
agglutinated fragments of coral, but, in the deel' and narrow 
creeks, it consists of mud; the islands conaist of thill . 
horizontruly stratified, modem tertiary be<ls, containing 
but little broken coral; I their shores are fringed by Ih-iILg 
coral-reefs. 

From the ~count gh'en by IhlppeUl of the mallner in 
which Dhalac is rent by fissurcs, the opposite ~ideg of 
which have been uuequully elevated (in one instance to 
tile amoun~ of 50 feet). it seems probable that thisirrcguiar 
fonn, as well as that of Farsan, may have boon partly 
caused by unequal elevation; but, collsideriug tlle general 
fonn of the banks, and of the deep-wnter creeks, together 
with the compo:tition of tbe land, 1 think their configura-

1 [Thei.l&Ddaofthi'grolipareollll,n.ilit'd ton.l.uiathe fore. 
Ihore of the Ol'r-ite eo&>;t of Abyuini ... lnDl.lllypar\.lof the lied 
Sei!oCOARt the low coral clilbgive HidcnC80l ",phCII·"1. Thereare, 
DHerthel(!tol. meta which would be claued u bArrier·rtth on both 
~id ... 01 the eentralll&1't 01 the Red ~-C .. pt. WhaMn 

• IUil'l*lI. Reise in Ab,...inie, Band. i. I. 217. 
" Ibid. I. 215. 
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tion is more llrouably due in great part to currents ha\-:illg 
dcirt<..o lOlliml'nt o,-cc an une,-en bottom_ It is almost 
certain that their fonn cannot. be attributed to the growth 
of com!. The greater number or banks ou the castem 
side or the Hed Sea seems to h\we originated in Ilearly the 
same manllrr, whate,-er this ma.y have been, as the Dhala.c 
and Farsan archipelagoes. 1 judge or this from their 
similar configuration (in proof of which I Illay instance a 
bank Oil the east coast in lat. 22') awl from their similar 
compo~ition. Tho depth, howe"er, within tho banks north
ward of lat. 17<> is usually greater, and their outer sides 
slich-o more abruptly (circumstances which seem to go 
together) than in the Dha1ac Illld lo'ayun archipelagoes; 
but. this may have been caused by a stronger action of the 
currents duriug thcir ronnatioll: mort!O\"C!r, tho greater 
abundance of li,-ing coral on the lIorthenl banks, tends to 
give them steeper margins. 

lerOIl} this account, brief and imperfcct as it is, we can 
see that the great chain of banks on the eastern aido of the 
Red Sea, and on tho westem side of tho lOuthern portion, 
differ greaUy from true barcier-~rs, which are wholly 
funned by the growth of coral_ Ehrenberg a1110 concludes 
(reber die, .tc. IlP. "Ii and 51) that tllese banka owo their 
orif,,'ln in a quite secondary manller to the growth of coral_ 
He remarks thai tbo islands off the C06lIt of Norway, if 
, .. om down 10'-el with the sea, and merely ooa.ted with 
Ih-ing coral, would present a nearly SImilar appearance. 
It ~l"'IllS, howe'-er, from infonnatiOll giv~n 1U0 by Dr_ Mal
colmson and Calltain Moresby, that .Ehrenberg has rather 
undcr-ratl>d tho influence of corals on the formation of tlle 
t.·rtiary dcposit.8 of the 11ed Sea_ 

1'1~ lI-ut Cua&t of t1~ Red Sea bdu:un Lat_lO° allli22°. 
-Il(-efs eli.i~t here, which, if I had known nothing of the 
(Id,ers ill tho U<.oJ Sea, I should unuesitatingly have con
.id~rt..J as barrier.~r8. One of tllCl:lO reefs, in :!OG lv', is 
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twenty milcs long, less than Ito mile in wi(lth (but expanding 
at the nonhem end into Ito disk), sJightly sinuous, and 
parallel to the main land ai the w,;tauce of five mii(>s from 
it, with '"cry deep water inside, so that in one place sound
inga were not obtained with 205 fathoms. Some ieagu('s 
furtber south, there is another very narrow reef, ten miles 
long, with other S.lllllll portions of reef, north amI south, 
almost connectW with it; and within thia line of reefs (as 
well a8 outside) the water is profoundly deep. 'fLare are 
also soIDe I!lnall linear and sickle-formed reefs, lying Ito 

liule way out at sea. All these reefs are coyered, as I am 
informed by Captain Moresby. by li,-iug coral", Here, then, 
wc hM"O all tbe characters of reefs of the barrier dasH, lind 
soIDe of the outlying reefs partially resemble atolls. :\ly 
only souree of doubt arises from the narrowness lind 
straightnesa of the spits of sand and rock in the Dha1ac 
lind Farsan groups; one of these spits in the former group 
is nearly fifteen miles long, only two broad, and is bordered 
on each sido with deep watl'r; BO tlla.t , if Il'om (lown by 
tho surf, and coated with living corals, it would form a reef 
nearly similar to tLose within the space Wider considera. 
tion. NeyertheleRs j cannot belieI'll that the mllny small, 
isolated, ami sickle-formed reefs, as weU as otllera 101lg, 
!learly Btraight, and "ory narrow, with tile waler unfllthom. 
ably dl'ep C1060 round them, could ha,'e beell formed by 
corals merely coating banks of sediment or the abraded 
surfaces of irrl'gWarly shaped i~lands. It seems more pro
bable that the foundations of these roofs have sub~ided, and 
that the coraiH, during their upward growth, ha,'O given to 
them their present forms. I have, tilCrefore, with mucll 
hesitatiou coloured this part blue. 

Th~ We,t Coa,t, from Lat. 22° to 21°. This part or 
the coast (north of the space coloured bluo on the map) is 
fronted by all irrt."gularly shoh'ing bank, from 10 to 80 
fathoms doop; numerous little reefs, lOme of which bayO 

The Com lete Work of Charles Darwin Online 



m:o SEA. 

the most singular shaJX!s. rise from this bank. llsny of 
them may havo been lonne<l by tho growth of coral 011 

~lJIalt abraded blets i but sowe almost atoll·formetl reefs 
rising from dN'p water near a promontory in lat. :?jo, Ilre 
probably allied to tho barril'r das~. I have not, howe,'er, 
vo.:ntureU to colour thig portion of C08~t blue.-On tlu tl.'Ut 
c,O{Ut,jrfl1ll tat.I!)Q to 17' (Iouth of tho 8pace coloured bluo 
011 tbtl map), there are many low isll'ta of I\maU dimen~ions 
Ilot much dong-atcd, and ri~ing out of great d!'!pths at a 
di~tn.nce from the coast: theRo cannot be clas~ed either 
with atolls, or barrier, or fringing-reef", 

Btllitcrn COo1.$t.-There are many "lUaU outlying coral
red .. along this wbole Iille of coast i but as the greater 
number rise from banks !lot very dc·(>ply submerged. th(>ir 
ori~in. as we ha\"e seen, may be duo simply to tho growth 
of corals on III irregular abraded foundation. But between 
ht. 18" and 20' there are so many lin(>ar, elliptic alld el> 
tremely Slllll.lI reels. riRillg abruptly out of profound depUla, 
Illat tho lIame reasons which led me to colour a portion o( 
tile west coast blue, haHl induced me here to do the Mme. 
There lUe some small outlying reels on the east coast, north 
01 lat. 200 (the northlilnl limit coloured blue), which rise 
from MCP water; but 110& lhey are llot numerous, and as 
learcdy any of them are linear, I 11I1\'e left them WJ

coloured_ 
In the lOl/them partl of tlle Ilod Sea, considerable 

6pe.ces of tho main land, alld !!Orne ol the Dhaillc islands, 
are skirtcll by reefs, which. as I am informed by Captain 
)Iorl!sby, are ol living coral. and ha"e an the charactcrs of 
the fringing claas. As there are here no outl};ng linear 
or ~ickle-lormed melli, rising out of unlathomable dtl'ths, 
I havo coloured theso parts of the coast rod. 011 similar 
grounds I have coloured tho northern parts Qj the tce,t~ 
c,.ut (north ol lat. 2-''' 50') rcd, a.nd likewise tbe ~horea ol 
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the chieC parlof the Gullof SUCZ,L I n the Gulf of Acaoo, 
as I am informed by Captain lIore:shy, t.here are 110 coral
reefs, and tho water is profoundly deep. 

\\'l:ST biDlEs.-lIy infonnlltiou Ngtt.rding the reefs ot 
this area is derived from ,-arious SOUrtCS, and from an ex
awillll,tioll of numerous charts; especially of those lattely 
executed dUrillg the survey under Captniu Owen, RN. I lie 
under particular obligaiioll to Captain Bird Allen, R.X., 
0116 of tho members of the late survey, for mallY personal 
communications on this subject. As ill HIe case of the 
Red Sea, it is necessary to make some preliminary remarks 
on the Bubmerged banks of the West Indies, which are ill 
some degree connected with coral-reds, and cause consider
able doubts in their classification. 'I'bat large accumula· 
tions of iOOiment are in progre,;.s on tho Weat Indian shores, 
will be evident to anyone who examinee the clmrts of that 
sea, eMpceially of the portion north of 0. line joilling 
Yucutau and Florida. The area of deposition seems less 
intimately connected with tho dtlbollchemcnt of the great 
rircrs, than with the course of the sea·cnrrents; as is 
e,-ident from the vast extension of tho banks from the pro
mont.orie8 of Yueutan and Mosquito. 

Desides the coast-banks, there are others of various 
dimensions which staud isolated; these closely resemble 
each other; they lie from 2 or 3 to 20 or 80 fathoms uuder 
wal.('r, and are composed of sand, sometimes firmly ag
glutiuated. with litlle or no coral; thcir surfaces are smooth 
and nearly Je,'el, ahelvillg ,'ory gradually to the amount of 
0. fow fathoms all round towards their edges, where they 
plunge abrupUy into the unfathomable sea. This steep 
inclination of their sides, which ia likewise characteristic 
of the coast· banks, is vcry remarkable; I may give as an 

I Wherever I I,&\·eseentbeeo""tolth. Hed Sea,itlho'lll'1lclear 
lignl 01 ul,he."",1 in loweoral clill' .. 'fhcre.re.nevertllcl ... ,~f. 
which would be eJaued &II barrier on both lide. 01 the central par\ 
ot Ihe lte.J~. CIopt. Whanan. l'or ll...amuhu bland, aee AI'P.ll.j 
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instance, the ~Iisteriosa Bank, on the cdg<'a of which the 
soundinga change i.n 2;;0 latholllS horizontal diatance. from 
11 to 210 lalhome ; otT the northem IKlint of Old Pro\-i. 
deuco Bank, iu 200 {atlloms horizontal tlietance, the chRllge 
is from 10 to 1;')2 fathoms; off the Great Bahama Bauk. in 
100 flltlloms horizontal distance. the inclination is in many 
places from 10 fathoms to IlO bottom with 100 fathoms. 
In all l)arts of the world, whl!re sediment is accumulat. 
illg, sometbing of the same kind may be obser\"lxl; the 
banks sheh-ing very gently far out to Sl'a, nnd then termin· 
ating abrupUy. Tho form and composition of the brulks in 
the middle parts of W. h)(lian sea, clearly show that theil' 
origin mua! be chieOy attributed to tile accumulation of 
sediment j and the only obvious explanation or their iso
lated position is the prescnco of a IIIICI(lU8, round which 
thecurrenta luwe collccted fino drift matter. Anyone who 
'will compare the blink surrounding the hilly i~lllutl of Old 
Pro\-idcnee. with the banks in its neighbourhood which 
stand isolated, will scarcely doubt that they surround sub· 
merged mountains. We are led to the same conclusion by 
examining the bank called Thlluder Knoll, which is ~epar
ated from tho Great Mosquito bank by a channel only so'-en 
miles wide, alld I-Hi fathoms deep. There canuot be Rlly 
doubt that tho Mosquito bRllk has been formed by Ille ac
cumulation of sooilul!nt round the promontory of tho same 
name; and 'l'Jlltuder KllOil resembles the 1I0!>quito bank, 
in tho stato of its surfaco s.ubmerged 20 fathoms, in the in· 
clination of its sidl!8, in composition, antl in every othel' 
respect. J may obsen·e. although the romaz'k ia Ilero irre. 
lc\ant, tllM geologists should be cautious ill concluding that 
all tbD ouilyet'fl of allY formation bave ollee been comlCCt.e<J. 
together, for we here see that deposits, doubtlcZ!8 of exactly 
the I18.me nature, may be deposited with large vailey-like 
ll~esbetweellthem. 

Linear coral-reefs and small knolls llrojcct from many 
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of the i~olated, I1S well as from the ('()fI~t banks; sometimes 
thcy arc irregularly placed, us on the Mosquito bank, but 
more generally they Conn crescents on the windward side, 
situated SOffit:! little distance within the outer edge :-tbus 
011 the Serranilla bank they form an interrupted chain which 
ranges bclween two Rnd throe miles within the windward 
margin: generally they occur, 8S OIl HOllendor, Courtown 
and Ancgada banks, nearer the 1in6 of deep water. 'l'lIeir 
occurrence on the windward side is conformable to the 
general rule, of the efficient kinds of corals flourishing best 
where most oxposoo; but I cannot explain their position 
some way withiu tho lillC of deep water unless it be that a 
depth somewhat less tlHloll that dose to the Quter margin is 
most favourable to their growth. Where the corals have 
formed a nearly continuous rim, c1oso to the windward 
edge of 8. hank some fathoms submerged, the reef closely 
resembles an atoll; and if the bank surrounds an island (as 
in tho ease of Old Proridenco), the reef resembles an encir
cling barrier-reef. I should undoubtedly have classed some 
of these fringed bUllks as imperfect atolls, or barrier-reefs, 
if the sedimentary na.turo of tlleir foundntionslmd not boen 
evident from the presence of other neighbouring banks, of 
similar forms and of similar composition, bllt without the 
crescent· like marginal reef. In the third chapter, I re
marked that somo atoll-like reefs probably did o);ist, which 
had originated ill the mannor here supposed. 

Proofs of elevation within recent tertiary periods abound, 
as referred to in the sixth chapter, o,'cr nearly the whole 
area of the West Indies. Hence it is easy to understand 
the origin of the low land near those coasts where sedi
ment is now accumulating; fOf instance, on the northern 
part of Yuclltan, and on tlle N.E. part of Mosquito. lience, 
also, lhe origin of the great Bahama banks, whieh are 
bordered Oll their westen! 8..11(1 southern edges by llarfOW, 
long, singularly-s1Hlped islands, formed of sand, shells and 
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cOI'I\\-rock, 8Omo of them being about a Ilulldred feet in 
height. is caHily explained by the eltl\"ll.tion of banks Cringed 
on tbeirwindwaN aides bycol'I\l-reefs. 011 tilis\-iew, bow
e\'er, we IIlU~t !UPpose either that tho great J3allflma sand. 
banka wore sll originally deeply eubmergcJ, and were 
brought up to their present 1o\"e\ by the Ilame eleyatory 
sction which fonned the linear islands; or tll1 .. t during the 
elevation of the banks, the superficial clIrri2nts amI ewell 
of tile wavos wore them dO\nl, and kl'pt them at a nearly 
unifonu Ic\"~L nut this ie'-cl is llot quite uniform; for ill 
proceeding from theN, \Y. end of the Bahama.grouptowards 
the s'E" the u~pth of the banks incrcas08, ant! til(' area of 
lanu decn.'8acs, ill a very gradual alld remarknble manner_ 
The "illW that t.hese banks ha\'e been wont down bv the 
currents ami waws of the sea during their c1e\"nlion, ~ms 
to me thc most probable one." TIlis view is also, I belieYe, 
I>pplicablo to many of the submerged ballka, in widely dis· 
tsnt pnrts of tlUI \\'e~t Indian sea; for, 011 allY other view, 
the elo\'alory forces must ha\'e actcU with Ibjtolli~lling uni, 
formity. 

The shoro of tho Gulf of lIexico, for. space of many 
hundred miles. is fonned by a chain of lagoous, from 1 lo 20 
miles in breadth (Columbian Xa"igalor, p. 178, &c,), eoo
tlliuingeither fro~h or salt wawr, and 8(>l'arated from the 
&eo. by linear strips of saud, The shores of southern Brazil, 
8U41 or tho L'n.ited State8 from Long bland {liS obscn'cU by 
Pror~ssor RogeMl,l to Florida, ha\'e tho game character. 
Professor Hogcl'Il, in his report to the British AS!lOCiation 
(\"01. iii. p, 13), !peculatcs on the origin of tJle~c low, saudy, 
linear islets; ho ststes that tho 18)'0£8 ot which they are 
eomposCll are too homogeneous, aud contaiu too large a 
proportion of shells, to pennit the common aupprn;;itioll of 
their fonnatiOll being simply due to mattcr thro\nl up, 
whcre i~ IIOW lies, by the surf: he cOllsidcMI those island.!! 
U ullhean:cl bars or shoals, which wore deposited in lines 
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wIlere opposed currents met. It is evident that these i~land'il 
and SpilS or sand parallel to Ule coost and separated from 
it by s.hallow lagoons, have no necessary connection with 
coral ·formation. 

Having now endea"oured to remm'e some sources of 
doubt in e1l108Sif.,·ing the reefs of the We~t Indies, I will 
1-1'1\'e my authorities for colouring such portion! or roast as 
I ha"e tllOUgbt myself walTfUlted in doing. Captain Bird 
Allen informs me that most of the islands on the Bahama 
BlInh ara fringed. especially on their windward sides. with 
living reefs; !lIld hence 1 have colonre(l those, which are 
thus represented in Captain Owen's chart, red. The same 
officer informs me. that tlle i!llets along the southern part 
of Flhrida are simiLarly trin~; coloured red.-Cl·a.-I..: 
proeeeding along the northern coast, at the di9t!mce of 40 
mill'S from tbe extreme S.E. point, the slloN!s are fringed 
by reef~, which e:doll(l wOQtward for a space of 100 milee, 
with only a few breaks. Parts ot these reefs are represented 
in the pl!llls ot the Ililroours on tbis coast by Captain Owen; 
and an excellent deliCription is gi,en of them by Mr. Ta.ylor 
(Lomlon's Mag. of Nat. lIillt. "01. ix. p. 119); he states 
tllat they enclose a apace called tbe' bazo,' from half to 
three·quarters ot a. mile in ",;dth, with a sandy boltom, and 
a litlle coral. In most pllm people can wade, at low water, 
to tlle reet; but in some parts tbe deptIl is between two 
nn(l three fathoms. Close outside the reef, the depth ill 
between six and seven fathoms: Ulege well·eharn.cterized 
fringing·reefs are rolouretl roo.-Westward of long. 77° SO', 
011 lhe northern Bide of CUbll, " great bank ('ommencl'!', 
which extends along the coast tor nellrly four degrees of 
longitude. In its atmclure, and in the' MY',' or low 
islands on its Mile, there is a marked Mm"Bpondence (as 
obaer\'OO by Humboldt, Pers. Narr. ,'o\. vii. p. 88) between 
it Ilnd the great Balillma Ilml Sal Ballks, which lie directly 
in front. Hence one is led to attribute the allme origin to 
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all these banks; namely, the accumulation of sediment, 
oonjoined with an elm'awry mO"ement, and the growth of 
coral on their outer edges. The parta which are fringed 
by living rC(!fs are coloured red.- Westward of these banks 
there ia a portion of coast apparenUy without reefs, except 
in the Ilarbour8, the ~hores of whicll seem ill the published 
plans to be fringed.- The ColoTwlo Shoals (see Captain 
Owen'8 charh). and the low land at the western end of 
Cuba, correspoll(l as closely in relative po!>ition lind atruc. 
turo to tho banks at tlle extreme point of Florida, 8.9 

tho banka abo,·o described on tho north side of Cuba 
do to the Ballamas. The depth within tho islets and 
n~fll on the outer edge of the Cokwado" is g<'nerally be. 
tween two and three fathoms, increasing to 12 {athoma in 
Ille southem part, where the bank becomes nearly open, 
without islets or coral.reefs; the portions which are fringed 
are coloured red .-l'he southern ahore of Cuba. is deeply 
conca"e, ana the included apnee ia till(!(l lip with mud ana 
sand·banks, low islanda and coral· reefs. Between tIle 
mountainOllsI.z~ of Pine$ and the southem shore of Cuba, 
the general aepth is only between two and three {atboms ; 
and in Ulis part, Bmall islands, forme<l of fragmentary rook! 
and broken mndrepores (Humboldt, Peril. Narr. '·01. yii. pp. 
51,80 to 00,201,800,820), rise abruptly. Bnd just reach 
the surface of the sea. .From some oxpreBRiolls used in the 
Columbian Na,·igator (yol. i. pt. ii. p. O~ ), it 8llpea", that 
conRiderablo 8p8ce~ along the outerC03st of southem Cuba 
are bound(!(l by cliffs of coral·rock, formo<l probably by the 
upheavI11 of coral-reefs nlld sana_banks. The charts re
present tho soutllCnl part oC the Isle of Pines as fringed by 
reefs, which the Columb. Na.\""ig. says extend some way from 
the OO8st, but haye only from 0 to 12 'l-et of water on 
them; these are coloured red. I ha.ve not been able to pro· 
eure any ddailcd aescription 01 tbe large group of Lanks and 
. cays' further eastward on the southem si(ic of Cuba; 
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within them tllero is a large expanse, wilh a muddy bottom, 
from S to 12 fathoms deep; although some palts OIl this 
line of coast are represented in the general charts of the 
West Indies, as [ringfld, I have 110t thought it prudent to 
colour them. The remaining portion o[ the south coast of 
Cuba. appears to be without coral· reefs. 

YCCCTAN.-Tlle N.E. part of tile promontory appears, 
in Captain Owen's charts, to be fringed; coloured red. 
Tile eastern coast from 20° to IS" is fringed. South of lat. 
lSG

, there commences the most reularkablo reef in the 
West Indies: it is about ISO miles in length, ranging in a 
N. and S. lino, at a.n avorage distance of fifteon miles from 
the coast. The islets 011 it are all low, as I have been in· 
formed by Captain B. Allen; the water deepens suddenly on 
the outsido of the reef, bllt not Ulore abruptly than off Ulany 
of tho !led.imentary banks; within its southern extremity 
(off Honduras) the depth is 25 f"thoms; but in tlle more 
northern parts, the depth soon decreases to 10 fathoms, and 
within the northemmost po.rt, for a space of 20 mileS, the 
depth is only from one or two fathoms. In most of these 
respects we have the characteristics of a barrier.reef; noyer· 
tlJeiess, from observing, first, dlat the cha.nnel within the 
reef is l~ continuation of a grea~ irregular bay, which pene
tra~es the mainland to tIle depth of no miles; and secondly, 
that consi{terable spaces of this barrier-like reef (Cor instance, 
in 10.1. IGG -15' and 10° 12') are deseribed in the charts as 
formed of pure sand; and thirtlly, from knowing that sedi· 
ment is o.coumulating in many pll.rts of the West Indies ill 
banks parallel to the shore; I Il&\'e not ventured to colour 
this reef as tl barrier. To add to my doubts, close outside 
this barrier.likereef, TUJ"'Il~ff(J, LightlwUJe, and Gun·er reefs 
are situated, and these ha,'e so completely the fonn of atolls, 
that if they had ooourred in the Paeilic, 1 should not ha"e 
hesitated to colour them blue. TlIrlJ(~jJeReef seems almost 
entirely filled up with low mud islets; alld the depth within 
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tllO oUler two roofs is only from olle to Um~e fathoms. From 
thia circumstance, and from their similarity in form, struc
ture, and relatiye position, both to the bank called N{Jttliun 
Trumglu, on which there is an islet between 70 alld SO 
feet ill height, and to Cozumd Island, the 10Wli surfaco of 
which is likewise between 70 and SO feet high, it is probable 
t.hat the three £oregoing banks are the worn-down bases of 
upheaved shoals, fringed with corals; left uncoloured. 

III {ronlof the eastern Mosquiw coast thore are, botween 
lat. 12~ and 10", someextonsh'e banks (alrcady mentioned), 
,,·jth high islands rising from their centres, and others wholly 
8ubmerged, both killds being bordered, near their windward 
margin8, by crescent.shaped coral-reefs, Bllt it can hardly 
be doubted that these banks owe their origin, like tile great 
bank extending from the :Mosquito promontory, almost en
tirel)" to the aeeumu1ation of sediment,all(l not. to the growth 
of corals; henoo I ha\'e not coloured them. 

Cayman Idona : this island appears in the charts to be 
fringed; and Captain B. Allen infonns me that. reefs extend 
about a mile from thesbore,a.nd hal'eonly from 5 to 12 feet 
or .... -ater within them; coloured red.-Jamaica: judging 
from the charts, about Hi miles of tho S.£. extremity, and 
&bout twice that length at the S.W. extremity, lind some 
portions on the S. side near Kingston and l'ort Royal, are 
regularly fringed, and are there/ore coloured red. From the 
plan~ of some harbours on the N. side, parhof the coast ap
pt3-r to be there fringed; but I IlIl.\'e not coloured them.
St . Domi,'9o; I have 110t been able to obtain sufiicienL 
infonnlltion, either from plans of the harbours, or from 
g~n,~ral charts, to enable me to colour any part. of lhe coast, 
except GO milCII from Port de Plata. westward, which seems 
regularly fringoo; many other parts, however, of tho coast 
aro probably fringed, especially towards Ute eastern c.lld of 
ilie iHland.-Putrto Rico: considerable portions of the 
lOuthern, western, and eastern coasts, aud some parts of the 
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northern C08st, appear in the charts to be fringed; coloured 
red. Some miles in length of the soutilenl aide of the Island 
ol St. Thomal is fringed; most of the Virgin Gorda Islallds, 
as I am infonned by Sir R. Schomburgk, are fringed; the 
sJ10re8 of AtU[lada. as well as the bank on which it stands. 
are likewise fringed; these islands have been coloured red. 
TIle greater part of the southern side of Sallta Cruz ap
pears in the Danish survey to be fringed (see also Professor 
Hove,-s account of this islalld, in Silliman's Joun}sl, 
vol. xuv. p. 71); the reels extend along shore for "consider
able sllace, and project rather more than a mile; the depth 
withill the reel is 'hree {athoms; coloured red.-The A.n
tilk-t , lUI remarked by Von Buch (Descrip. lies Canaries. 
p. 40-1), may be divided into two lincar groups, the western 
row being volcanic, and the eastern of modern calcareous 
origin; my infonnation is ,-cry dcfectivc 011 UIC whole group. 
or the eastcrn islands, Barb-rtda and the western coasts of 
A IItigua and Mariagalalile appear to be frillged j this is also 
the case with Barbadoes, as I have been informed by are~i· 
dent; these islands are coloured red. 011 the shores of the 
western Antilles, of volcanic origin, very few coral·rotofs 
ap~ar to exist. The island of MarlilliqlU, of which there 
arc beautifully executed l<"'rench charts on a very large sca1e, 
alone presents any appearance worthy ol special Ilotite. 
The south·western, southern, and eastcrn coasts, together 
fonning about halt tbe circUinferenee ol the island, ani 

skirted by "ery irregular banks, projecting generally rather 
less than a mile from the shore, and lying from two to fi". 
lathoms submerged. In front of almost every valley, the,. 
are breached by narrow, crooked, steep.sided pas~agea . The 
French engineers ascertained by boring, that these sub
merged banks consisted of madreporitic rocks, covered iII 
mallY parts by thin layers of mud or sand. From Ulis fact, 
and especially from the structure of the narrow broaches, 
these banks were proba.bly fonned by li\-ing reefs, which 
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fringed the shores of the island, and once reached the sur· 
face. From some of these submerged banks roofs of linng 
coral still rise abruptly, either in small detachod patches, 
or in linea parallel to, but some way within, the margin. 
Besides tile abo"e banks which skirt the shores of the island, 
dlere is on the eutem aide So range of linear banks, similarly 
constituted, 20 miles ill length, extending parallel to the 
coast.line, and separated from it by So Bpace between two and 
four miles in widtll , and from 6 to Hi fathoms ill depth . 
From this range or detached banka, some linear reefs of 
IhinS coral likewise rise abruptly j and if they had been of 
greater length ((or they do not Cront more than a sixth part 
of the circumference of the island) tbey would necessarily 
from their l)()sition 11II,\'e been coloured as barrier· roofs ; a3 
the case stands, tbey are left uncoloured. 

F r.onIOA.. -An account of tbe reefs on this coast, toge. 
ther witll references to Yarious authorities, will be found ill 
Professor Dalll .. 's work on Corals and Coral Islands, 1872, 
p.20·1. 1 

The n~;n)[UDA. ISLA.!'os have boon carefully described 
by Lieut. Nelson, in an excellent memoir in the Geol. 
Transactiolla (,·o\. v. part i. p. 103).' In the fonn of the 
bank or reef, 011 olle side of which the islanda stand, there 
ill a c10sa general resemblance to all atoll j hut in the fol
lowing respects there is a considerable difTerence,-lirst, in 
the margin of the roef not fonning (as I ha\'e been informed 
by Mr. Chflffers, RN.) a liCIt, solid surface, which is laid 
bare at low water j sooondly, in the waler gradually shoal
ing for nearly a mile and a half in width roun<1 the entire 
reef, as may be soon in Captain Hllrd's chart; and thirdly, 
in the size, height, a.nd extraordillary Conn of the i~ l ands, 

which present little resemblance to the long, narrow, simple 

, !SeoAppt:'ndiJ.II.] 
'[AD iDluuting aerouDtwill.loo be found in Sir Wy\ille 

!IIomoon,\'o1.oflheCh4llnlgD',~ol.i.ehll'.i"·1 
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islets, seldom exeeeding ha.lf a. milo in breadth, which BU T

mount tho annular reefs of almost all tho atolls in the 
Indian aud l>acilic 0«!&.n8. Moroover, there are evident 
proofs (Nelson. ibid. p. lIS) that islands similar to the ex. 
isting ones formerly extended over other parts of tho reef. 
H ..... ould, I believe, be diffieult to lind a true atoll with 
land exceeding 30 feet in height; ..... hereas, Mr. Nelson es
timates the highest point of the Bermuda. IRlands at 260 
foot; if, ho ..... over, Mr. Nelson's view, that the whole land 
consists of sand drifted by the 'winds and agglutinated to
gether, is correct, thie differenee would be immaterial; but, 
from his own aceount (p. lIS), there occur in ono place 
five or six layers of red earth, interstratilied with tho ordi. 
nary calcareous rock, and ine!uding stones too Jleavy for 
the wind to have moved, without having at tho same time 
utterly dispersed every grain of the accompanying drifiOO 
matter. Mr. Nelsoll attributes tho origin of theao several 
layera, wilh their embedded atonee, to violent cataRtrophes ; 
but further illl'eBtigation has generally suceeodl'd in ex' 
plaining Buch phenomena by simpler meana. Finally, I 
may remark that tbe86 islallds bear a considerable te!lem
blanoo in shape to Barbuda in the West Indies, and to 
Pemba on tile easten! coast of Africa, whieh latter island 
is about 200 foot in height, (lnd consists of eoml-rock. 
1 believe that the Bermuda. Islands, from being fringL.J by 
living reefs, ought to have been coloured red; but 1 have 
left them uncoloured, on account. of their general reeem· 
blanoo in f'dernal form to a lagoon.island or atoll. Pro
feBsor Dana (Corals and Coral Islands, pp. 21s, 2(;0) ranb 
them in tbiaelass. l 

'[Thefollowingpartienl ...... re' ... ting to Ikrmud .... taken fromUle 
Beportof the C1l4l~ l"oyage. ~urati.-e. p.l38 .... re of intervt :-

An ue ........ tion made to form ... bed for the tlo.ting doek ... 
do'lm to liO foet below low_water m&.k. It cui Ihrouah OII.l~ 
mud.loo.ebed. (oo . &l.aa.nd. mixed wilh moliuBu • • rn ... Ucr 00..
... nd other orgallilmsj, paulug into a loolel)' cohcr~nt Ireil810M 
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Suppumunt on a TemaTkable Bar of Sand,tQIu off Per· 
Mmbl~, Qlt tile Goa.rt of Brazil. (Originally published 
in the l>hilo80phicai Magazine, Octooor 1841, p. 257.) 

In entering the harbour of Pernambuco, a ,'cssel passes 
close ronnll the point of along reef, which, viewed at high 
watcr when the waves break heavily over it, would Ilatu· 
rally be thought to be of coral formation, but when beheld 
at low water might be mistaken for an artificiol breakwatcr, 
erected by cyclopean workmen . At low tide it shows itself 
as a smooth level· topped ridge, Crom 80 to GO yaNs ill width, 
with even sides, and extending in a ptrfutly straiglJt line, 
for scveral miles parallel to the shore. OtT the town it ill
cludes a shallow lagoon or channel about half a mile in 
wjdtll, which Curther 80uth decreases to searcely more Ulan 
a hundred yards. Close within the Ilortllern point, ships 
lie moored to old guns let into the rcef. Here, on the 
inner side, at low ,,·ater spring.tidcs, a IIOOtion oC about 
se\'en fcct in heiglJt is exhibited. This consists of hard 
pale.coloured sandstone breaking with a smooth fracture, 
and formed of siliceous grains, cemented by calcareous 
matter. Well·rounded quartz pebblcs, from the size of a 
bean, rlU;>ly to that of an apple, are embedded in it, 
togHher with a "ery few fragments or shells. Traces of 

fonned of thtl ... mtl m .. teri .. l eemented; .. nd men, .. , .. dCI)th of 45 feet, 
thIVOI!hanoldpeatwithland'·eget .. tion,lhelllof lft/u/)fnnudeMi.!, 
and bonellofbir(lI,benealh wbiehwlJltheordinaryh .. rd 'baaerock.' 

Serpul .... re "ery .. bund&Ilt on the Bermuda reef., .. nd form evi· 
dently, by thdr mo<itl of growth, miniature atolll lI'om 2 to 20 feet in 
diameter, wilh liltle interior lagoons. It "1La found bll10undings 
that on thtl 8.E. edge of thtl Imnk the too.fllhom linew ..... bout I} 
mHe f\"()m the roch awash. Then IL uope ot .OOu121)" led down to 
MO or 400 f .. thoma, .. fter whieh it ~lLried, from P to Hi", to 1,000 
fathom •• Thtl too.fathom line on Ihe N.B. edge ....... .. bout 11 mile • 
....... y; ontheS.W.etilifurther, .. ndmeluhmarin8110pesweremore 
centle. Thtl rock of thtlialand .. ppe&nI 1..0 be of IlOli .. n origin, butil 
;'nolliAid whetherlh;'a1l1Oformlthtlhighfllltground,whieb i,266 
tt.et .. bo~tI the Ie".] 
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stratification are obscure, but in olle spot there was an in· 
cluded Ia.yer of stalactitic limestone, an eighth of an inch in 
thicklless. III another place Borne false strata, dipping 
landwards at an angle of 45°, were capped by a llOrizont.ll.1 
mass. On each side of the ridge quadrangular fragments 
llave subsided; and the whole mass is in some places 
fissured, apparently Crom the washing out of some soft 
underlying bed. One day, at low water, I walked a. full 
mile along this singular, smooth, and narrow causeway, 
with water on both sides of me, and could see that tor 
nearly a mile Curther south its Conn remained unaltered. 
In Baron Roussin's beautiful chart of Pernambuco (Lt 
Pilote du Br~sil) it is represented as stretching on, in an 
absolutely straight line, for several leagues; how Car its 
composition remains the same, I know not; but from the 
accounts I received from intelligent native pilots, it seems 
to be replaced on some parts of the coast by true cora~· 
reefs. 

The upper surface, t1lOugh it must on a large scale be 
called smooth, yet presents, from unequal disintegration. 
numerous small ilT('glliarities. The larger embedded peb. 
bles stand out supported on short pedestals of sandstone. 
There a.re, also, many sinuous cavities, two or three inches 
in width and depth, and from six inches to two feet in 
length. The upper edges of these furrows sometimes 
slightly overhang their sides; and they end abruptly with 
a roullded outline. A furrow occasionally bra.ncbes into 
two a.rms, but gellerally t11CY run nearly parallel to each 
other, in a line transverse to the sandstone ridge. I know 
not how to a.ccount for tlleir origin except through the 
washing to and fro of pebbles in originally slight depres. 
sions, by the waves which break daily over the ba.r. Op. 
posed to this notion is the fact tha.t Borne of these furrows 
were lined with numerous small living ActiniaJ. The 
exterior surface of the bar is coated with a thin layer of 
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calcareous maHer; this, on the ouler subsided masses, 
which can be readIed only at low water, betWCCD the 
succellllil'ely breaking Wa\'es, is so thick that I could 
fl(Ildom expose the sandstone by the aid of a heavy hammer. 
I procured, howe"er, some fragments, which were between 
three and four inches in tbicimcSr>, and consisted chieny of 
small SlrJlula , including some Balalti, wilh " few thin 
paper.liko laycrs of aNullipcra. The Burfdce alonc ill alil"c, 
IIond all within cousists of the above organic bodies, fillcd up 
with dirty white calcareous matter. The layer, though not 
hard, is tough, and from its rounded surfaee rcsists the 
breakers. Along the whole edernal margin of the bar, I 
only saw one "ery small point of sandslone which was ex. 
posed to the surf. In the Paeific and Indian Occans tha 
outer and upper margin of the coral·reefs are, as we ha,'e 
leen, protected by a similar coating; but fonned almost 
uclusi"cly of BCI"cral species of Kullipora. Liout. Nelson, 
in his exccllent memoir on tho Bermudas (Gool. Trans. 
1'01. v. part ] , ]). 117), says that the reets there aro formed 
of similar maf'.8es of Serpula; but I suspect that thoy are 
only thuB coatcd. 

I enquired trom some old pilots at Pernambuco whether 
there was any tradition of the bar having wldergone any 
change during the lapse of time; but they wcre unanimous 
in answering me in the negative. It is Astonishing to reo 
Heet, that although waves of turbid water, charged 'with 
sediment, are driven night and day by the ceaseless trade 
wind agllinst tbe abrupt edges of this natural brellkwllter, 
yet that it has lasted in its present perfect state for ccn· 
turies, or perha.ps for thousands of )eat8. Sccing thnt the 
surface 011 the inner side docs gradually wear away, as 
sllown by tllO pebbles on the little sandst.one pedestals, this 
durnbility must be entirely due to the protection afforded 
by the thin coating of Serpula and other organic bodies. 
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This is a. fino example of wbat appan:mtly inefficient means 
way be eiYeetual. l 

I belial'C that similar bars of rock occur in front of some 
of the other bays 9.lld ,h'efs 011 the COMt of Brazil: Baron 
Roussin states Ihatat l)orto &!gum UJ(!re is a 'quay' simi· 
Jar to tbat oC Pemambuco. Spaces of Bel'eral hundred 
miles in length on the shores or tIle Gulf of Mexico, lhe 
Cnited States, and or Soutilf'm Brazil are formed by long 
narrow islands and spits of sAnd, including extensil'c shal
low lagoons, some of Wllich aTe Bel-eral leagues in width. 
The origin of the~e linear islets is rather obscure: Pro
fessor Rogen (Reporl to British Association, .vol. iii. p. 18) 
gives reasons for suspeeting that tllCY ha\-o been formed by 
the uphetloVaJ of sand·banks, deposited where currents 
formerly met. The bar of sandstone at Pernambuco has 
probably been fonned in an anoJogous manner. The town 
st.ands partly 011 a low Ilarrow iAlct and partly on a long 
HIli!. of sand, in front of a low shore, bounded in the distance 
by a semicircle of llills. By digging at low water near Ule 
tOWII, the sand is found conRolidated into sandstone, similar 
to that of the bar, but. containing many more shlllls. If, 
then, the nucleus of a spit of sand, extending in front. of 
the bay, lind formerly become con80Ii<lBtod, a small change, 
probably of level, but perhaps merely in the currents, might 
IIBve given rise, by washing away the loosc sand, to astruc
ture like that of the bar in front of Pernambuco and along 
the ooasi. BOuillWar(l of it j but without tlle protection af
forded by the suecessh'e growth of the abo\"c-named organic 
beings, ils duration would ha,-e been sbort. 

, :Therei,~ io~rutingaocollntof thi, rwl. oontaining partieoJan 
01 lOme borioga ondenaken in litU. by :Ur_ J. C. H ... bha .. , in the 
Quaraerly Journal of theGeologieal Society for 1879 ('·ol. ZllV. p.239).~ 
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sm-mAny O}' THE PRfXCIPA.L CO~TmnUTIO~S TO THE 
U1!:i'fOI\¥ O}<' COR.li. ltEEFS SI~CE 'fill'. n;A.U 1871. 

By 1'I!.OI'J,;SSOI!. T. G. BossJ,;Y, D.Se., LL.D., F.IUi. 

SISCE tho publication of the last edition of lIr. Darwin's 
work !J6\'eral important researches haYe boon undert.aken, 
which IUn'e added largely to the stock of knowledge oon
ct.'fning marine physical geography in genl'rni and coral 
reefs in particular. Of the valuable material thus obtained 
lrr. Darwin wouJd, no doubt, h8\'e 8,'oiled him$Cif had his 
lifo beNI sparc<l and his health allowcd, Probably addi
tions would 118ye been made to the text of tllis work, and 
not a few pages hawl been rewritten; the oldor and less 
preci>!0 information being replaced by the morc ample and 
enet re~ults of recent explorations. The criticism to 
wllieh Mr. Dtlm'in's theory has boon subjoow(l duriug the 
Ia~t fow yelll1l, and the hypotheses which ha"e been ad
'"lUlcl~l by other workers, would, no doubt, havc been dis· 
cuSS«l by him in that candid and philosophio spirit which is 
10 erident in all his writings. This re\'ision mlly be counted 
as one of the heavy losses which science llll.s aufftJrod by his 
.1 ... atll. It became, Ulen, a question, when a new edition 
cf this book was called for, what should be done to it. 
Simply to rel)rint the last edition, without any notice 
or the important contributions which have becn made to 
the knowledge of the subject during tIle 11lst few years, 
seemed undesirable; but any attempt to rooonsttuct the 
work 8et!med yct more undesirable. Mr. l~. Darwin, afUlr 
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consultation wilh several of his friends (including myself, 
whom he Imd asked to aid him in preparing the now 
etlition for the press), accordingly decided to reprint' 'fhe 
Structure and Di~tribution of Coral Boors' (rom the 
edition of 1874, subject only to a(e"" press corrections. and 
to gh'e any important emendatiolls or additions iu the 
form of notes, 80 arranged as to be easily distinguished 
from those wriHen by the late author. As regards the 
extent and amount of the additiOllll1 matter, we thought 
that, as the "olume was no\'or intended &.8 a text-book 
for examination purposes, it was needless to endeavour to 
concentrate within ita pages 6vory result of recent work, 
find it would sumcc to caUll.ttt!ntion to the moro important 
points, which would ahuost certainly ha\'o been noticed by 
the author in auy new editioll . 

Thercfore, from a few papers left by Mr. Darwin, from 
information kindly supplied by Capt. Wharton and other 
friends, and from my own reading, 1 ha\"e added a few foot" 
llotes to the text, &n(1 have gi\"en ill this appendix a summary 
of the papers which appeared to me of special importallce 
among those which ha\"e been published since 18H, Xo 
attempt has been made to compile a bibliography of the 
literature of' Coral Reels.' This was a task, as 1 told Mr, 
F. Darwin candidly at the outset, which my pre\'ious studies 
and present oooupatiollS would not permit me to undertake, 
and it was also one which, for tha reason aoo\'egh'en, seemed 
to me needlesa, I belie\'e, howe\"er, that I ba\'e looked 
through JUost of the recent literature, and I ha\'a seleded 
therefrom certain papeltl, in which, a8 it seemed to me, the 
arguments for and against Mr. Dan, .. in's t1J~ory were 
s lated with considerable fulness, The remainder ha\"e been 
passed over, either because tllOY did not contain original 
information, or because they would ha\"c supplied. additional 
details, on the one sida or tha oUler, rather than fresh 
arguments. lUlllakillg this selection I ha,'e been influenced 
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to some extent by the adventitious prominen~ which, 
during the last two or three years, has boon gi"en to certain 
valuable and interesting communication8 on this 8ubject. 
Of the papers selected [ have given a fairly full abstract, 
which represents, to the best of my ability. tbe views of 
their authors, whiclle"er side they may 1l8.ve espoused, so 
thnt I trust the reader will be enabled to understand the 
present state of this difficult question, Illld to appreciate 
the reasons which have led some "ery competent authorities 
to maintain, and others to reject, the thoory advanced by the 
la1eMr. Darwin. 

It is tme that, 8S I have 8tatE!(l in the eonclusioll, the 
close study of the qllestion has not materially altered the 
"iew wilich I entertained when I began tho task, but I have 
dOlle my best to make my abstract a fair 8tatemen~ of each 
writer', ease. If, then, it should appear to anyone that I 
ought to have given more prominence to this point and 
less to tl18t, I may fairly plead that tllis has resulted from 
deficient apprcllellBioll, and not from collscious bias. I 
have placed first, arranging them chronologically, the 
papers which are more or less unfayoumble to the dis, 
tincti"e feature of Mr. Darwin's thoory; then those which 
in the main sUJlpor~ it. 

Tho following is a summary of Mr. Murray's I yiews: 
Very nearly all oceauie islands, other than coral atolls, are 
now k1lo ... ,.n to be of "oleanie origin. Henca it is probable 
that the foundations of the latter are Yolco.nic rocks and n()~ 
those indico.tive of an ll.ncient l!.lld pre·existent land. As 
shown bytllO soundings olthe' Tuscarora' ll.nd 'Challenger,' 
numerous submlnine elevations exist whidl risc from depths 
of 2,600 to 8,000 fathoms to within a few hnndred fathoms 
of the surface. The upper water of the ocean (to a depth, 

I On the SlrnCtuTe and Origin of Coral l~b and blanda. n,. 
lohn lIum,)', !'roe. ll. S. Edin. (18:10), vol. z. p. 00.:;. 
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probably, or about 100 fathoms) teems with organisms, 
calcareous and siliceous; such as algEO, protoZOA. hydrozOA, 
mollusca and other members of the animal kingdom; these 
are drifted by the currents Crom place to place; by these 
the reel·buildingcorals are supplied with food. It has been 
e.~timated, as the result of experiment, that a mass of 
ocenn water one mile square and 100 lathoms deep con· 
tains more than sixteen tons of carbonate of lime. ' After 
death the • skeletons' of these organisms are showered 
down upon the bW of Ule ocean. In water which exceeds 
some 800 or 900 fathoms in depth their remains are more 
or lesl atJ~etcd by the solvent power of the carbonic acid 
prescnt in the water, bnt. at less depthl they accumulate. 
Thus any submarine bank which rose within the abo,·e· 
named depth would be brought nearer to the surflUle, and 
its upper part, as the water abo,·e it shallowed, would be 
colonised by larger pelagic organismB; these, after death, 
would augment by their remains tile incrl'!llsing pile of 
mllt.erial, whieh at last would arrive within the bathy. 
metrical zOlle in which roof. building corals can lh-e and the 
formu.tion of an atoU would commence. 

As airearly pointed out by Mr. Darwin.' the corals on 
the outer margin or a bank grow ,-jgoroualy, wbile the 
diminution ol food and the inerease of sediment tend to 
check the do,·e\opment of those in the inner part. ThUll, 

, I eIItilUAte that Ihia amount 01 e&rbon .. te of lima i. eqo.inl~o.t 
to alOlid laytr of the .ame area which II Il'l'roximl~ly ·00009 011.D 
inch thi~k. We m .. yarrive at illhll$; u.king \1·7 ... Iba I!peciflc 
8-r1vityote&roonaleollime,w6Ih .. llllo.d thovolo.meof.ixteen 100'" 
toooaoollt21~Ncllbieleet,or7·8cllbioyarda. Thiab .. loO!.>espreaJ 
0Ilto'·cr3.0ll7.600sqll • ...,y.rda(thenumberolllquueyard. in. 
milt).e:i .. ine: tb~lboya reao.lt. E .. eo. it we make I l.&rge allOWl.Dce 
lortheflct Ib.t Ihourbon.teof Hme i, not IOlid,bntin Iha form 
of I.DIfI(IftSlteof hollow.helll.1 believe·roofl.Dillch iainueeu 
ralherthao. in defee! ollh~ lruth. 

'1'.87. 
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while the roof iB still 86\-eral fsthoms below the surface, 
the corale in the central part are placod at a dilll.dvantage, 
which becomC8 greater as they are left behind in the up_ 
ward race by their neighbouTB_ In a small reef, the peri
phery for the supply of food to tile intcrior is relatively 
large; thus the lagoons in small atolls are also slllall 11.11(1 
are soon filled up, while long and narrow banks have no 
lagoons. As the recf becomes larger the conditions 
bceome more favourable to the formation of lagoona, for 
(&8 ia shown by experiment) the lagoon of such An atoll 
is leu rich in pelagic life than tlle exterior wakr. Thus 
growth is ehooked; many speciel of coral die, and their 
t'AlearcouB 'skeletons' are expolled to the soh-ent action 
of sea·water. When tbe water oubide becomes too deep 
for reef· building corals to live, the dtbrn from the exist
ing Tl.>ef, aided by the accumulation of organisms, fonns flo 

talus at the foot of its submarine clilT8, and thus the reef 
spreads slowly outward, 'like a flliry ring,' on foundations 
to which ita own materials bave contributed. Coral-reefs 
which hl1\-e been elevated for some distance above sea
le\'el aTe frequently found to rest upon .. deposit thus con
stituted. 1 The lagoon channels have in many cases been 
8ubsequentiy formed by the 80Ivent action of sea-water, and 
the i81ets in tho lagoon channel are paris of the original 
reef still left standing. Where tlle roofs rise quite up to 
the surface and are nearly coutinuous, there is little coral 
growth in the lagoon or its channel8; wherc tho outer reefs 
are much brokcn up the growth is relatively abundant . 

. At tho Admiralty lslauds, on tho lagoon Bide of the 
islet8 of tllC barrier-reefs, the tr6{>8 were found o,'erhallgillg 
UlewateT, and in somo C9.86S the 80il was wllJlhed away from 
their root8. It is a common observation in at.olls that the 
ialels on the reefs are llituaLed close to the lagoon shore. 

I The cue of Tahiti is here deK.ribecl; _ p. 814, whe ... i\is dis
WDed b1 Prot_ o..l1~ 
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Theile facts point out the remoyal of matter which is going 
on ill the lagoons and lagoon channels: 

EiCYBtion, not subsidence, ia to be expected in a volcanio 
region, as there is an d priori reason for attributing the 
phenomena of corsi roofs-as resting on volcanic foun
dations-to elention rather than to Bubsidence. The 
fonner hypothesis appears to Mr. Murray to aecord with aU 
the facts indicated by the published charts of coral·reefs, 
and thus is considered by him preferable to the latter. 

Mr. Murray's general conclusions may be briefly cnun· 
ciatc(lasrollows:-

1. That foundations have been prepared for barrier-reefs 
Bnd atolls by the disintegration of volcanic islands, aud by 
tho building up of submarine \'0Ican008, and by the depo
sition on their summits of organic and other sediments. 

2. That the chief food of the corals consists of the abnn
dant pelagic life of the tropical regions, and the extensh·o 
IOlv(!Ilt action of sea.·water is shown by the remo,·al of the 
carbonate of lime shells of tllese surface organisms from 
lile greater depths of the ocean. 

8. That wben coral plantations build up from sub· 
marine hanks they 888ume an atoll fonn, owing to the 
more abundant supply of food to the outer margins and 
the removal of dead coral-rock from the interior portionli 
by currents and tho action of tbe carbonic acid dissolved 
in the watcr. 

4. That barrier-reefs have built out from tho shore on a 
foundation of volcanic dibn·, or on a talus of coral blocks, 
coral sediment alld pelagic shells, and tbe lagoon channel 
is fonned in the 1!8.ID.8 way as a lagoon. 

6. That it is not necessary to call in subsidence to 
explain allY of the characteristic features or barrier-reefs 
or atolls, aud that all their featurcs would exist alike in 
areas of slow elevation, of rost, or of slow Bubsidence. 
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Professor A. Agassiz I accepts the views of L. Agassiz, 
I.e Conte, and E. B. Hunt, that the l~lorida reefs can. 
not be explained by subsidence, but that U,e aouthem 
e:ttremity of Florida is of comparali"ely rccent growth, 
consisting of concentric barrier-reel's which have been 
gradually converted into land by the accumulation of in_ 
tervcning mud-ilats, and thus explains the details of the 
process and tIle manner in which the foundations of the 
r('(lfs are formed. 

He rcjects Lo Conte's explanation that tho suhstructure 
of the reds was fonned by the mass of material brought 
by the Gulf Stream, pointing out that 1lI0re recent im-esti
gatiOIlB lIa\'e shown that it ran across, not parallel with, the 
peninsula, the curro of the eastern ~horc of tho latter being 
due to a. counter·currcnt along the red running westwards. 
The Gulf Stream, however, has an indireet influence by 
rellSl'1Il of the abundant food which it supplies to animals 
living on the Dank of Florida. Across the reel's, and 
throngll the channels between the Keys, the tides set 
strongly, hearing the mud derive(l from coral and other 
orgRni~ms; this graduaUyaecumulates to fonu the inter_ 
wning mud-Bats, and when swept westwards enlarges the 
submarine plateau in that direction. 1,'lIe 'rortugas, the 
most recent cluster of Florida reefs, are at the very ex· 
iremity of the slope upon which the line of these reefs 
has been built up. Nothing among tbem corresponds 

I AgilYil, Alt under. The Tortugu Ilnd Florida neefl. Mem. 
Amer. Acad. Artalnd Sci., vol. xi. p. 107, 1885. In Th~ Crui.0e8 of 
tl,e DJt.k" vol i. (llulletin of the Mu.eum of Coltlpllralh·e Zoology, 
liarvard College, \'01. xiv., HI88), a chapter ia devol<!<ll.othe .'lorida 
lI,..,f •. AI , howe .. er, Ihe IiQeof argument and the principal facu.are 
identicalwilb tbose g;"en a oo\'e,J bave not tbought it neoeau.ryto 
give I leparatl analysil . A. <:QQveQientand dear l ummaryof tbe 
.-:in·. of Semper, l\ein, lfurray, and Agua.iz i.given hy I'rol. A.. Geikie 
in h .. prwidtnlial addre&ll 1.0 the Royal Phyaical Socielyof Edinburgh 
i.D 1b&3 (I'roc. vol. viii. p. 1). 
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with the e~tensivc mud·f1at which extcnda at a depth of a. 
few fect below tho surface northward of the Keys. Where 
there is a. larger accumulation of material than usual on 
the submarine plateau, 80 as to bring its surfnee within the 
depth at 'il"hich corals can Bourish, A reef begins to form ; 
thai is lhe hl81.ory of the Tortugas. West of it, an in
cipient reef may be fOUlld now in process of {ormation, 
east of it all the reefs in tlu:!ir tum luwe had a like origin. 
Then the deposition of silt produces mud.flats, and material 
accumulates, till at last the channels are closed and Ule 
whole is added to the land. From Eycrglades to Cape 
Sable the work may be seen completed; 011 the eastern 
coast, and boyond the latter plll.C8 to i\Iarquesns liey, it 
oceurs in its \ariOll8 stages, until at last it is shown in its 
beginning. The backbone, howe"er, of the Florida. penin' 
sula. is ascribed to a fold in the earth's crust in au earlier 
geological period, As a secondary result of this a great 
submarillO plateau was formed directly in the track of the 
Gulf Stream, which has siuce been gradually built up by 
Ole acculDulatioll of marine organisms of "arious kinds, 
The area within the l OO,fathom line on the west coast of 
the great Florida. plateau is extraordinarily rich in organic 
life; large fragments of the modern limestone were often 
brongllt up in trawl or dredge, consisting of the solid parts 
of the ,'ery I!pecies wiJich now liVE! on the top of this 
recent limestone, West of the western shore,line Florida 
now stretches oui as all immCllse submarine plateau, 
fonning a huge tongue, coated or "euoored only by 
coral limCI'tone o"er ita ,'cry top, 'The easten l and 
western edges of 1'1orida consist of reccnt limestones. 
predOOO88OllI of that now fonning on the western and 
BOuthem slopes of the Florida plateau, Very probably 
the part of tlle pcninsula north of the Everglades has 
had in the past a like fonnation, Pourtales plateau is 
built of the same specics of corals and shells as DOW h,'o 
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upon it. Of like origin are the great bank east of the 
Mosquito coast and the reefs on the south coast of Cuba; 
the Basse·'l'erro of Guadeloupe is the samo, now slightly 
ele\·ated, and tho barrier· reefs on the windward side of the 
West India Islands rest 011 plateaux of similar origin. At 
Barbados the nucleus is a. trachytic mass round which 
are terracel! formed of mollusca. and radiata, stilllivillg ill 
the sea, whieh have been successively lifte{l.1 'l'he author 
considers tllll.t ill the West India. Islands maJJY volcanic 
masses, which probably hMe 11e\'er rcached the surface, 
form the foundation of these banks of organisms. 

It would seem probable tlJat reer.building corals had 
little to do with building the peninsula. north or Cape 
Florida. The author explains the Alacran reef (atoll· 
Bhaped) by a. growth of corals upwards from a. submarine 
bank, and shows that tIle slope is steep down to a dellth of 
thirty fathoms, then more gra{lun\. 

He lays mueh stress on the importance of currents 
bringing food, and points out that, on ille Ice siae of 0. 

reer, corals mlloY be killed by tbe drift of sediment. 'Wben 
Darwin wrole, and when wo kllew littlCl of the limestone 
deposi ts formed by the sceumulation of the d~brU of mol· 
luscs, echinoderms, polyps, and the like, upon folds of the 
earth'8 crust, tha basal parts or barrier·reefs were difficult 
ofe:a:plallalion. Tho ovidellce gathered by Murray, Semper, 
and myself, pllortly in districts which Darwin had already 
examined, and parlly in regions where llis theory of reef· 
fonnation nover seemed to filld its proper Il.pplication, has 
in pa.rt reffiO\'ed this difficulty. It tends to ~how that we 
must look to many other ca.uses than tllOse of elevation 

, In Thl'N! Cmi_ of the make, '·01. i. p. 79. Prof. A. AR",iz !laYs: 
'In II()mein.tllnees wral reet. base unque$tionably been uplifted. 
I have leen theelevatedroefsof Cuba, of San Domingo, and other 
West Indian "land., and of Darbados."'hiehare perhapi the mO$t 
strikinge.umplao'eleyatedroe''''' 
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and 8uhllid(!nce for i\ satisfactory explanation of coral·reef 
(omlatiOIl. All.important fUllong the~ ('all~e8 are tho 
pre\'ailing winds and currents, tho latter charged with 
sediment which helps to build cxtcn~ivo plateaux from 
lower d<.'pths to levels at whidl corals C'ln prosper. This 
explanation. tested as it has been by penetrating into tl10 
thiokuCIIS of tho beds underlying the coral reefs, sooms a 
moro natural one, (or many of tho phonomena at least, 
than that o( the subsidence of tllo foundation to which the 
great v('rtieR} thiclmess of barrier-reef A haa been hitherto 
referred. It is, however, difficult to account for the great 
depth of IJOm6 or the lagoons-lorty fathollls-on any other 
theory than that of subsidence' (p. 121). 

The author also describes the distribution of material. 
living and dead, on the Tortugns. the action of tlle waYes 
in poumling lip dead coral, molluBeS, and other organism~ . 

Thus a, great quamity of calcareous ooze is fonned (aided 
by Hie material which passes through the digestive cavity of 
holotburiana, eehinodenns, &c.). Tllig gilt, by j,s accumu
lation, kills the corals, which accordingly can only Rouri~h 
where well 'scoured.' The water is often chalk colour for 
s. oonsid(·rable Ilistance from tho reefs j it is sometimes, 
after s. hea"y wind, discoloured for six to ten miles from 
the outer r('(lfs. This proce!<8 accounts for the BCarcit~· of 
fossils. lie also expresses the opinion that in this region 
the corals do not flOllrisll at depths O\'er s.ix or seven 
ls.thomB, being probably cllOked by tho ooze.! 

1 In Throo Cruises of the Blake, vol. i. p. 71, Prof. A. Agasoil 
1W,t.el that' all Ihe evidence aeeumulated by Dana, Darwin, Eh ..... nMl"!I. 
Quoy, and Oaimard tends t.} show Ihat the limil 01 reel.building 
coralei,tobeloundatabouttwtnlyf .. thom,.' 

Prof.AR .... i1.'.view. in regard to Florid .. do not al'JM'arto haYf 
met with uuiversal aeoeptanoe among Ameriean men of ..,i.-nee; 101" 
instanoe, Mr. W. n. Dan (Geology of Florida, Amer. Joum. Sci.. 
8rolJer.Ju.iv.p. 161,1877)lI&yllbdin theloOUlllemll&rtolF1orida 
he .... no coral·rook or coral·"""f formation: 'Til, eoraL 10rmaiiOll 
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Mr. GUPI'y I Ilescribes the Solomon Arehipelago, which 
includes 8(>\"1'11 or eight large il'lands, some being from 
Bel'ent)' t)' eighty miles in length, and the higbest rising 
&om 8,000 to 10,000 feet above the sea, wilh a great 
number of Bmaller islands and islets, some of l'olCllnic and 
others of recent calcareous formations. 'rhe author found 
clploration to he difficult !LIId dangerous, but believes that 
he saw (!!lough to gil'o llim a. fair idea of tllO leading types 
of structure alllong these islands. The obSC!rvatiolls re
coroe<l ill tIle paper lllay be summed up in his own 
words:-

The illiallds e;'l:amined indicate Ilphel\.\'al, ill some cases 
to at least 1,200 feet. 'There are, in the fil'1lt place, 
numerous slllall islands and islets, lcss than a hundred 
foot in height, which are composed entirely of coml lime
stone. Then there are islands of larger size, which are 
composed in hulk of partially oonsoli()ated I'olcanic muds, 
Bueh as arc at present fonning aroUlld oeeanio ,·olc8.nic 
islamls. Coral limestones encrust the lower elopes of 
these islands, and ao !lot attain a. greater thickuess than 
150 feeL 111 the lIell place we 11I""e islands of similar 
structure, but possessing in their oentre some ancient 
volcanic peak that was once submerged. Then there are 

_"00 by Agueis in the region in the Kelt mllat be of "pry 
limited ICOpe,'" it h ... not '-n identified from the mainl&nd of 
Florida by &11)' modem geologist.' FOrth~f. Prof. A. Hen]'rin in a 
pilpef on Explorationl in }'lorida (Transaction. Waan~r In~L Sci. 
Philadelphia.Mayl887),noti«dinthallbove.n.medvolume(p.2SO), 
Mrs! "No obllervOO fllCllI Illl!wn tbe eoralthl'Or)'of lonnalion pro· 
pounded by Aga .. i1.. They prove. on the eontfllrl. that Iha ooral 
tracto! Florida i. confined 10 a border ~gion on tha lOuth and 
tooth·ead.and Ihcre are no tertiary rfJefl wbale,·er.' lluthaadmita 
that the lOulbern area il ODe of sbaUow Ilea lormation. 10 Ihat there 
hu been a gradual uniform progressive cle,'ation o"cr tbe whole. 

, H. ll. OUP]»)'. OhRr'o'atioDS on the l~nt Caleal'('OlIl }·orma. 
lions of Ihe Solomon Group mAda during 1&l2_~. Tr. II. S. Edin. 
U1ii.p.6Ui(II:I8I-6). 
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illiands in which the \'olcanie peak hae become an ecccntric 
nucleus, from which liue after liue of barrier-reef has been 
tt.(h-aucoo, o\'erlyins tlle volcanic muds: ' ialande in whidl 
he (lid not find the coral limestone of a thickneeg of 100 
feet_ 1'hen we have tbe upraised atoll, auch as Santa 
Anna, which within tbe small compllss of a height of 
4 i O lect displays the several stages of itB growth: ' fi rst , 
the origillll.lly submerged \'olcanic pook, then the investing 
BOft deposit, and over all the ring of coral linlcatone, that 
cannot far Cl:ceed 150 feet in thickness; lastly, wc come to 
the mountainous islaude formed of old "o!canic rocks, such 
a8 St. Christo\-al, whieh, although over 1 ,000 feet ill 11eight, 
showed to me no calcareous em'elopes at a greater height 
thall GOO feet abo"e the sea, the coral limestone crust 
being even thinncr than at the lUDaller aud more recent 
islands.' From these consideratiou9 the author concludes 
' (1) that these upraised reef lIlaSll('8, wheUler atoll, barrier· 
red, or fringing. reef, were formed in II region of elo,-ation; 
(2) that Buch upraised reefs are of moderate thickness, 
their vi rtual measurement not exceeding the limit of the 
dcpth of the reef-coral 7.one, i.e. not more than about lW 
feet; (3) that these upraised reef mas!les in the majority 
of islands re~t on a pariially consolidated depo~it which 
POS&eR!I('! the characLCrs of the "volcanic mud!" which 
were lound during the 'Challenger' expedition to be at 
preaent fonning around wlcanic islands; (4) that this 
depoait em'e1opes anciently submerged volcanic peaks.' 

Tho earlier part of the next paper I is occupied by a de· 
scription ofareef oltbe Solomon group and thedi~tribution 
upon it of coral lite. According to Mr. G IJJlPy'a obsen'ationJ 
tho large ma~Bes of corals usually flourish belolV the wash 
of the brtakers, and in these regions corals generally do not 

, H. ll. Guppy. NoteS on the Cht.raeler ud :\lode of FOl'lllt.tiOll 
01 the (Ani \"tee!. 01 the SolomOD LsIt.mU. Proc. R. S. Edin. xiii.. 
p.M1 (Se.alon 1885_6). 
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thrive in the break of the trade-swell. • They Ire only to be 
found in luxuriance on the slopes of the doclivity that is 
situated in depths between five and fift6('n fathoms, a decli
vity wllich may be truly termed the growing edge of the reef.' 
At exceptionally low tides, when there is a llCavy sea, large 
branches are apt to be tom off from corals growing beyond 
the uaulll reach of the breakers, and these Ilre tllroWIl up on 
the upper flat of the reef. But in cases where the reefs are 
protected from the heavier rollers, the corals living in the 
wash of the breakers are more numerous and ill greater 
Yariety. 'l'he same rule holds good 011 theloe sides of small 
coral islands. lIere the corals are often grouped in irre
gular patcbeaor masses, which sometimes rige with wall-like 
sides from depths of tweh'e or fifteen f6('t of water. A large 
part of the interior both of lagoons and of their channels, 
is occupied by Sflndy and chalky mud j but ill the shallower 
portions, ami especially ill those situatiOM which are near 
the breaks in the reef, corals, especially of foliaceous aud 
brallching habit, thrive ill great profusion. As a rule 
corals are UMble to sustain exposure to the air for 10llg ; 
from one to two hours continuously appears the maximum 
of endu.-ance, and that is reached only by a few species. 

Mr. Guppy oonsiden tbat in this group the numerous 
detached submerged reefll or shoaJs, which lie at depths of 
from ·1 to 10 fathoms (that is, at depth, which \"ary with 
the amount, of disturbance produc(J(l by the breakers), 
repreAent the earliest oo]J(iitiolls of coral reefs. Numerous 
iUStallC6S ot such roefs are given ill this memoir: one, 
Lark Shoal, covered by water having 0. minimum depth of 
7 fathoms, rises from a depth of 200 tathoms. Tbe shoal 
within the 20 fathom line measures 1 ~ miles in one direc
tion and 1 mile in the other. There is no sign of a central 
depression, the summit being comparati\"ely level and 
covered by {rom 7 to 10 fatboms of water. 'rbis general 
flatness ot the upper surface is not peculiar to Lark Dboal, 
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but was observed at similar depths in the case of others. 
Between such submerged reefs and those markcd on the 
surface by R recf flat, with its accompanyillg islet, or by a 
sand key, intermediate conditions were l}Ot found, and Mr. 
Guppy is of opinion that reefs on arriving within Crom 4 to 
8 fathoms Crom the surface have reached the limit of their 
upward growth, and afterwards have to extend laterally. 
lIenee he infers that detached submerged reefs are wlable 
to raise themselves within the limit of constructive breaker· 
action without the assistance of a movement of elevation . 
or such a. movement, in this region, there are certainly 
proofs, and tlle same is the ease ill the Low Archipelago, 
tho Fiji and l'elew groups. 

Among the reefs which have reached the surface in 
the Solomon Archipelago, fringing and barrier reefs are 
lllueh com mOIler than atolls. ' A line of barrier recC pro· 
bably not much under GO miles in length, and having in· 
numerable islets on its surface, fronts the eastern coasts of 
the islands of New Georgia at a distance of from 1 to S 
miles from the shore. At St. Christoval the fringing reefs 
occasionally reach a mile in breadth, but usually do not 
exceed a. quarter of a mile. TllO 100 fathom line Jies 
generally about 1,200 yards from tlle edgo of the reef flat 
which would give an average slope of 1O~.' Upheaval is indio 
cated by a. recently elevated flat of coral rock, which is in 
some places Hi feet or so above high water level. North 
of St. Christoval are three small islands (named the Throo 
Sisters). They commenced their growth, according to 
Mr. Guppy, as submerged flat·topped reefs, like those 
already mentioned. They were then ele'·8otOO to about 
70 foot above the sea, and have since a.ssIWled an atoll 
structure. He regards them as ' based 011 three submerged 
peaks which lie at some unknown distance below the sur· 
face.' They are enclose(l within the sallIe hUlldred fathom 
line; the submarine slope at first is gradual and then 
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descends JUore rapidly; on the weather sid.e at an angle of 
rather more thaD :.m", OD the lee side usually aL a IImaUer 
angle. The highest points (of coml limcsklue) on the 
southernmost ishmd rise to about 70 f\..>et abo.e the sea. 
It has two lagoons; the deeper is about 1) fathoms, and 
o.er the bar ilt its mouth the water is less than a fathom 
tleep at low water nealls. 

Mr. Guppy is of ollinion that this islllnd commenced its 
lli~tory 88 two flat·wpped submerged reer~, and that the 
atoll form has boon assumed since these ha.e been up. 
hea.ed. Santa Anna is an uphea\'ed atoll with shore·reels 
mnging from J 50 to 000 yards wide according w the steep· 
ness of the land. On the westward the shore· reefs entlot;(! a 
circular lagooll 700 to 800 yards wide and 10 to 17 lathoms 
deep. Uyi island has shore· reds of varying width, and on 
the east COAlIt the shore·reef enclosea a narrow lagoon a 
mile long IllId 10 fathoms or less ill depth. l'here is also 
ill that Oil the SOUtil C08st a circuln.r lagoon aoout 100 yards 
wide and G t'athoUis deep, approaclu~d by a narrow channel. 
Biu is n. patch of coral reef which has boon raised about 
100 feet abo,'e the sea, and is still encircled by li,iug 
roofs. RUd Sflra is an atoll of elollb'lll.ed form aoout 8 miles 
ill length. Except for three wooded isJets on the south 
Ilide, its circumfcrence is either just awash at low tide or 
is within a ratbom of the surface; bu~ soundings in the 
lagoon to a depUI of 87 fathoms faill.!d to reach tlie bottom , 
The isletB are at highest only Hi or 20 foot abo\'e tlie sea, 
, cliffs of coral rock J or 6 feet ill height' ill one' betokens 
recent elevation of n. small amount: Bddys/oJUJ bland 
consists of 'two distinct islands (volcanic) which Lave 
become united by elevation of an interl'I.!IIing coral reef. 
On the east COILIIt the Bubmarine slope down to the 100 
fatbom line ill from SOO to 8,'j°. There is a hole ill the 
widdle of the red on the welt side, about l,'jO yaNs &eroas 
and HI fathoms deep, which ltr, Guppy thinb way mark 
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an 0\(1 crater eM'iiy, and a. smaller one in a reel 011 the east 
side, where al8(l there is all elevated barrier reef. Within 
a. mile or two to the 8O\lU. are a couple of submerged coral 
patches with level sUlllmits co,-eroo by foom Ii to 10 fatholllil 
of water, and in each case measuring within the latter 
contour tine about half So mile in length. They both rise 
011 all aides from "'ater in which casta of 100 fathoms did 
not reach the boltom. 

East of BoU!]aillt'ilu Island, in the atrnit between it lud 
ClwiuIIl I~land. is a submarino plateau, about 15 miles in 
width, extending from tho former, and cowlred by from SO 
to GO fathoms of water. 'rhis, at its outer edge, termin
ates abruptly in a stoop alope of from lI~o to 25-, 'which is 
sharply delineated 011 tile charts, by the 100 fathom Ii.ne, 
and descends to COllsiderable depths.' There is a hole ISO 
fathollls deep in its generally lewl surface, iownrds the 
middle of the strait, and another, not bottomoo hy 100 
fathoms of line off Cypria" Bridge Island. A narrow neck 
rather over 2 miles wide links Will plateau to a smaller 
one prolongu.lg Choi8(lul uland. • Broken lines of barrier 
r(!ef (sometimes ele\'ated) and elongated coral shoals, 
oo\'ercd by 4 to 10 fathoms of water, which may be reo 
garded a.s incipient harrier reefs, mark the edge of the Bou· 
gainville plateau, within Il. few hundred yards of the 100 
fathom lille.' The western extremity of Choi8(lul is skirted 
by 0. broken line of barrior roof, which oncloses a. lagoon. 
like chanllol, tuld supports islets Oll which coral rock ill(licateK 
an elevation of at least a few feet; alld there is an island 
in the lagoon which hears similar testimony, while • th~ 
hills on the coul, composed aK they are of foraminiferonl 
and pteropod mud encrusted by coral limestones, have been 
antecedently UpllCIl.\'OO.' Oima atoll, about 2 miles long. 
has been built up abovo a group of iHiets composed or 
llOrnblcmle'lU1desite, oach ]lfObably indicating four separate 
volcanic necks. This aioll rises from depths of 40 t-o .;0 
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lalhoms, wiUI a submarine slope, nrying from 12° to 26°. 
The erosion line ou the \'o1eanic rocks indicates au up
hetH'sl of some four or th'e feet, prior to the coral growth. 
The land is bordered by extensive flats, cO"eroo by less 
than a fathom of water, Oil which tlle coral appears to be 
deaa, and two basins or lagoons oceur within tllem, about 
20 f"thomB deep. 

Sections arc given of some barrier rC('fs. As the .result 
of his investigations of these, Mr. Guppy concludes that, 
from tho edge of the reef flat for the first 70 or 80 yards. 
there is usually a gradual slope to a dcpth of frolU 4 to 5 
fathoms. On this but little Ii"ing ooral is found. Beyond 
it, there is generally a rapid descent to s dellth ranging 
between 12 .. lid 18 fathoms, on the face of which the corals 
tlourish: 'this is in fact the gTowing edgo of the reef.' 
Below this descent sand and gravel. produced by the action 
of the brukers at tho margin of thto rt.'Cf, collect ai. a depth 
gtoMrally of from 15 to 20 fathoms, theugll 80mctiilles this 
occurs at greater depths. Oue section, that of Santa Alllla 
Island, exhibits two submarine cliffs.- ·the ono, after a 
rapid slope, occurs between the depths of 10 and 82 
fathoms; the other, after reaching III (lepth of about 42 
fathoms, gi,'cs 11 drop of 21> fathoms. alter which, a slope at 
an augle of 18' or 11)0 descends to considerable depths; 
corals thri,'e in this case at a. depth of SO fathoms. 
Another section exhibits a second but less strongly 
marked drop at about 2G fathoms, 

111 all explanation of the formation of barrier reefs, 
wIlic.h lIr. Guppy regards as produc.el1 suc.cesllil"ely while 
the ground is uprising, it is admitted that 011 this hypo_ 
thesis, lagoon challJwls should never 00 dooper than the 
limit st which reef·buildillg corals can grow. 'But as a. 
matter of fact the depUlIi! inside barrier rt<efs as well as 
atolls, not nnfrequently exceed' 25 Cathonls-in corrobora
tion of which statement Be,'eral cases of 80undiugtl in these 
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positions of 40, 50 and cyen 60 fatllOllis are mentioned. 
'fhis difficulty Mr. Guppy o\'crcomes by the hypothesis that 
the limit for the development of reef· building coral is really 
determilled, not so lliMh by actual depth as by the COIl· 
dition of the water, especially in regard to the presence or 
absence of suspended mud (p. 888). 

Another consideration cOllfirms Mr. Guppy in Ilia 
opinion that reefs are ofton begun at 3 much greater depth 
than 25 fathoms. Tho usual foundation, so far as his 
observations go, is composed of partially cOllsolidated 
volcanic mud or ooze, more or less foraminiferous, and 
generally abounding in reCcllt shells, and is not a layer of 
detrital sand and gnl.Vcl. But in all the soundings about 
the reef, which often extended down to 50 fathoms, the 
nrmillgs never brought up allY indica.tion of the uRture of 
the oottom other than sand and grovel. Hence it JUay 
be presumed that such reeCs~as, for example, those in 
the Shortland Islands-began at depths greater than 50 
fathoms. But if it be urged that in this case the reefs 
should be more than 100 feet thick-and this amount is 
rarely exceeded in the Solomon lslands~he replies that, 
as a. rule, reef corals will be confined to depths of 25 or 
SO fathoms, and the beginniIlg of a. reef in dooper watera 
will be an exceptional thing. It must also be remembered 
that the rapid subaerial denudation which occurs ill these 
regions may, in some cases, have reduced the vertical 
thickneBs of the reef. 

In support of Mr. Murray's view that reefs spread by 
an outward growth, Mr. Guppy sta.tes that he found the 
corals inside the lagoons to be much larger than those 
which occur llear the outward border of the reef, and in 
the barrier reefs the corals were largest near the inner 
edge of the flat , and diminished in size as the outer edge of 
the reef was approached. ' These facts a.re of importance, 
since, a.ccording to the theory of Bubsidence, the central 
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portion of the lagoon of an atoll, amI the inner portions of 
the lagoon channel of a barrier reef, are 1lI0re recell:ly pro
duced than any other portion of the area of such reefs.' 
The smnllness of Ule outcr corals is • only to be cxplained 
on the llypotuesis that the reef has b'fadually grown out· 
warns as from a centre, and quito independently of any 
mo,-emcnt of subsidence.' Further, tho low coral lime· 
stone clilTs, which not seldom back the prescnt r~ef fiats, 
are probnbly lines of erosion, indicative of al\ cpoch an
terior to the formation of the shore reefs, when these cliffs 
wcre w&I!hed by the sea.. The disposition both of the 
l"cgetation and of the humus Oil tho wOO\)e<1 islets shows 
that the 100 side of such an islet is its oMest l)()rtion, and 
its weather side is its growing margin. 

Illustrative of the question of the l'emo\'S1 of dead coral 
hy solution, Cfl~es are mentioned of ma~ilCB of lIIadrepora 
nnd porile' IICveral feet across, the centres of which were 
dead nnd wore depressed a few incilf>s bolow tho living cx
terior. During the hright sunlight the increil~ed tempera
ture I of the Bell. water eOl'crillg the reef flats probably a9sists 
ill the solution of the dead coml; moreover its destruction 
by organisms, to which other authors ha\'e ealled att('ntion, 
Ulust not be overlooked. Holothurialls and echinids piny 
an important llart ill this respect. 

The author concludes by stating that the calcareous 
sand and gra\·..! which strew tho outer slopes below the 
zone of living coral are largely composed or red d~bri$, of 
the tests of Orbirolite8 compianata and O. MU:TO&u:gina, 
of tllO joints of the calcareous nlga. Halimeda OjlUlitia alld 
of nullipores. or these the foraminifera were fOUllU living 
between \:! feet and 75 fathoms; the alga docs not appear 
to live below 10 fathoms. At greater depths than 100 
fathoms tbe sea. bottom consists generally of ,·olcanie mud 

I About Ill" Y.higher thAo theopen_ .. herethe ... ter ...... only 
Sor4ineil(!ll(ietl>,aud8higber .. ,benh ..... fooldeep. 
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(with or without orga.lli~m.!ll, which howe\-cr forms also at 
all d('pth~, from a. (ow fl<et beuca.th the low tide level , in 
tIle C&118 of large i~lan{18, the coa.ste of which, owing to 
the sediment brou)l:bt down by streams, are bare of reefs. 

10 a paper printed in the • Proceeding'll of the Royal 
Society' (,·0J. xliii. p. HO, IBtI8), Mr. G. C.Boun16 gives a 
minute deecription oCthe_toli of Diego Gareia,and diseuS5e.;s 
the thoories or coral-reef (ormation in connection v.itb ilie 
Cha.goB brr'OuP. In the La.ccadh-o, Maldi\'e and Chagos 
group, 'there is no installce of a fringing or a barrier reef; 
nothing but coral structure rises allove the waves; all the 
islands are atolls.' The three groups are belie\'ed to st.&nd 
on a submarine bank J)'ing 1,000 fathoms below the surlnce, 
ill all ocean of an averago depth of 2,000 fathoms. At 
Diego Gartia, the shores altemally 'slope away ,·ery 
rapidly to conl'iderablll depths, the sounding line briving 
depth~ of 2('iO fnthoms and upwards at a. distance of a few 
hundred yards from the edge of the reef,' except in one 
case. The depths inside the Iftb'OOn ,·ary lip to 19 fathoms. 
Mr. Bounle describea the difftrent kinds of coral rock, and 
giYes reasons for supposing that there has been a recent 
elc,·ation of a few fC!et. lIe csUs attention to the changes 
produced by the action of way!!s and currenla, and to the 
effect of the latter upon tbe growtb of coral; showing 
how the living coral may be killed by a change in a current 
which, formC!rly clear, now brings fl&nd. This material 
procooda to cnt.omb the dead coral, and tben, on Ito return 
to the former conditions, a Ilew growth of coral may take 
pJaee upon the stratum of sand. He is of opinion that the 
subsidence theory CMIlOt be apillied to explain the Grea~ 
Chagos Bank (8eI! p. (,Ig). becauae iLl! rim is • 011 an aH'rage 
not more than {) Cathom, below tho surface, and therefore 
situated in a depth eminently fal·ollrabJe for coral growth. 
and thtre are actually aix i,dcts on tho northern and ..... estern 
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edges, rising aboye the water and some of them inhabited: 
He indieau. further difficulties in applying the thoory 
of BubRidenee to tbe Chagon Bank, especially pointing out 
that the Six lslands atoll, within a few miles distance, has 
1I0t been afftlcted; still he admits that the' Saya de Malha 
Bank apl)('ars to have the chamcte-rs of a submerged atoll, 
hll.\'ing a central depression of OJ fathoms 8urroUIlded by a 
rim wllidl has only 8 to 1G fatllOlIIlI on its eastorn side, 
but 22 fathoms on the westen}: On tile wholE:>' however, 
he COllsiders that' most of the coral formatiolls of the 
Indian Ocean mark areas of elevation rather than of rest; 
certainly thoy are not eyidollce of subsidence.' 

In ft!gard to the explanation or the formation of 
lagoonll by solution of the interior parts of the reef, and 
by the more rapid growtb of the corals 011 its periphery, as 
being Illoro directly in the track of food·bearing currents, 
~[r. Boumo ob~en'es ;-' Neither of tiloso explanationll has 
completely M.tisfied me. That sea·wator exercises a solvent 
IlctiOIl llpon earbonate of lime doe8 not adruitof doubt, and 
that tho scour of tides, cOlllbined with this solvent action 
of the water, dOCR affect the e1Ctent IIl1d depth of a lagoon is 
obvious. But 1 challenge tile statement that the destructive 
agencies within an atoll or a submerged bank are in excess 
of tho COlIStructi'·e. It would be nearer the mark to say 
that they nearly balance one another. hi the first place the 
carbonate of lime held in solution by lI08·water iRdepoaited 
a~ erYl>talline Iimel>tone in the interstices of dead corals or 
coral {Ubn·.,. Anyollo who is acquaint.e<:l with the IItme, 
ture of eomllinp rock knows how such a porous mass as a. 
maandrilw llead becomes perfeetly solid by the deposition 
of lime within its mass. This deposition can only be 
effected by tho infiltration of sea· water. In n'ckoning the 
solvent action of sea-water, theft!{oro, Rl'count must be 
L'lken o{ the {act that a not inconsiderable IlroportiOll of 
the carbonate of lime beld in solution i8 re.del)(j~ited in the 
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form of crystalline limestone. Of this, it seems, )lr. 
~I urray II&!! not taken sufficient account, and has, there
fore, overstated the destructive agency of the sea. Secondly. 
the growth of comls, a.nd the consequent formation of coral 
rock within the lagoon, is generally o,-crlooked. 

'Whilst diving for corals at Diego Garcia I had abundant 
opportunities of studying the {ormation of cornl rock within 
the lagoon, in deptll!1 under 2 fathoms. The layers of 
tolembly compact rock thus formed are of no mean extent 
or thickness; they soon become covered with Band, and 
are thus protected from the solvent action of the water. I 
have found it impossible to reconcile Mr. Murray's viewa 
with what I saw of coral growth within a lagoon. Notonly 
do the more delicate brallching species of the madrepoTaria 
flourish in considerablc numbors, but true reef-buildilll; 
species, porites, m«and'l'/na, pocillopora, and various stout 
species of madTepora, src found there_ It is a mistake 
to suppose that certaill species of corals are restricted to 
the external shores, otllers to the lagoon. My collections 
pro,-ed that many of tho species growing in the lagoon at 
distances of five miles slld upwards from its outlet are 
identical with those growing on the outer reef. In addi
tion to thorn are numerous species, such as Seriatopora 
stricta, llfu8sa corymoosa, Favia, lobata, FUWJia dentata, 
amI many others that are not fouml on the outside. Tho 
reason is that the last-named are eithor free forms such as 
fungia, or aro attached by such slender and fragilo stems 
to their supports that they could not possibly obtain a foot
hold alld maintain tbomseh-es amOllg Ow powerful currents 
and wa,-cs of the open ocean. 

, These various species, numbers of which grow close 
together, form knolls and patches within the lagoon, and it 
camlot be doubted that their tendency is to fill it up. 
Again, ill reefs whicb do not rise above the surface, or are 
awash for the greater part of their extent at low tides, 
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great qUlllltities o( dtbris, torn (rom tho outer slopes, are 
constantly earried o\'er tile rim of tile roe( and tend to fill 
it lip. Helleo it follows that in a. lagooll entirely surrounded 
by dry land. or nearly so, a.s is the case at Diego Garcia., 
the tendency to ll.ccumulation of material ,,;Udll the lagoon 
woul(1 be les8 than in submerged or incomplete atolls, for 
dtbris ClI.llnot be swept over into tIle Ingoon, nnd the only 
constructh-e agency is Ole growth of coral. If the power of 
solution of sea· water is so great, it must be supposed that 
in complete or nearly complete atolla tllO lagoon would be 
deepening rather than shallowing; yetat Diego Garcia tIle 
lagoon is obviously shallowing in many IliacI'S, and has 
nowheNl increased in depth since Captain Moresby'S survey 
in 1887. IndC!ed, the southen} part SC{'ms to hal-e shoaled 
a fathom since that time, awl this is the more remarkable, 
since tile S.E. trade winds are by far the most con~t&nt 
and strongost winds there and tend to aeculllulate material 
at the northern rather than at the 80IItJlem end. The 
faet is, that these winds sweep tho sand Ollt of the 
southern part, and thus Ieaye an area particularly (al·our. 
ably situated for tllO growth of corals. Mr. Murray 
points out that larger atolls generally hal'e deeper lagoons 
than small atolls, and urges this fact ill support of his 
theory; but here again the facts in the CllagoB group are 
against him. Victory Bank is a aubmerged atoll, the 
Solomons ia an atoll with a large e:dent or dry land; in 
eaell the lagoon attains a. deptll or 17-18 rathoms, a.nd in 
Diego Garcia. the lagoon, althollgh far larger, does not 
attain a greater depth. Paras BanllOS iB far smaller than 
the Great Chagos Dank, yet in both the lagoons attain 
nearly the same ma:timum depth, l'iz., 41 fathoms for 
Peros Banhos, 44 fathoms for tho Great ChagOB Balik. 
Speaker's Bank iB "cry little larger than Peroe Banhos; 
its lagoon is far shallower, having It. maximum depth of 
24. fathoms.' 
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Mr. Bourne paIISI'8 on to con~ider the opinion expres~ed 
by certain autbors that the fa\'ourable conditions for corol 
growth ill tlle utemnl slopes of a reef cOllsist in the in· 
creased food supply brought by the superficial currents of the 
ocean. This e'lplanalioll. for reasolls gh'en, he regards a;; 

incomplete, being of opinion Ulllt the direction &.Ild velocity 
of cumnts 8re the most important circumslances. His 
oh!en'atiOIl8, be staU>a, are oonfinned in eHlry particular by 
those roooe by Dr. Hickson in Celebes, and communicated 
by him to the Briti!lh A!I!IOCiatiOIl in 1887,1 )Ir. Bourne 
expresses the result of his ohserTations in tIle following 
words:-

, Corals grow best in places where a moderate current 
flows conMtanUy over thelll. They are killed in still water 
by the deposition of sediment, and they will not grow in 
places where a strong current seta directiyagaillRt them. 
J notit~d at Di~go Garcia in mallY places, but particularly 
at tho oast ond of East Islet, that a strong and direct 
ocean current is most ulI(9\·ouro.ble to coral growth, lmd 
that tlie reef iR harren and suffering npid ero~ion at SUdl 
exposed spots as allow the whole forco or the current to 
rail dir('clly UJlOII tllem. AR the current parts and flows 
round tllC obstacle, olle meets with II. reef covered with 
dtbri.$, but barren of Ih'e oorRI j furthor 011. as lhe current 
moderates in forte . one finds&. few growing heads of coral; 
and, finally, at the further clld of the rO!'f, where the 
('UlT(lIlt has Rhat.ed itl forte oollRiderably, thC!re is a. luxu· 
riant bed of living corals amI Aleyollaria. This can be 
_n in perfection on Ole 80uthem reef of East !Rlet. r r. 
Hick!lOll tells me that he haa obeen'cd the same facts at 
Celebes. that direct alld strong ClllT(llliB are unCayourable 
to ooral growth, that moderate tangential currents are 
extrcmC!ly fa\'ourable, and sluggiRL or still water again 
unfal'{mrablc. This view, which boO) of us can support 

I The l'aper il not I'TiDted in lho volume for Ih&tyear. 
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by many obll4'!rvatioll9, is much at variance with the old 
a.coopted RlLying that corals grow best whore the breakers 
are the hea.viest. It appeared to me that heavy breakers 
are not favourable to coral growth, becanse of the quantity 
of shingle which they dash against the BOn· bodied polyps. 
Some mlUlsive forms might withstand the force of brea.kers 
and yiolcnt currents if the polyps could be sufficiently 
prote<:too from the sllingle, but the brnuclling madrcpores 
are soon broken off and swept away, and even the more 
massive maalu/ri11a soon follows, for whilst the surface of 
the colony grows the base is dead, is soon riddled by boring 
sponges, I14'!rpulro, ke., aod is no longer able to bear the 
stmin put upon it. The great mass then breaks oIT and is 
rolled along the roof, poulldiug other comls in its course.' 

Still. as a rule, the outward portions of Ule reef lire 
the moat fo.\'ournble for coral growth . Hence. if 0. bank of 
coral be OItl1blished below water, there ia a tendency ill the 
coral at its margin to grow both outwnrda and UI)Wards, so 
that at last an atoll fonn is developed. As the rim 
approaches the surface, it is raised by tile piling up' of 
d~brU. broken off by the waves, and may. in some cases, 
also be UI)hea,-ed. But 'he waves, tidos, currents, kc., 
tend also to destroy parts of the is.land, 80 that there is a 
constant struggle going on between the constructh'e and 
destructh-e agencies. The author then proceeds to apply 
his theories to the formation of the Maladive atolls. remark
ing in concluRion : . - , However one looks at the subject one 
mu~t realise that the laws governing the fonllo.tion of cornl 
reefs nre exec(!(lingly complex, Rnd that many circum
stances have to be taken into Meount before any perfect 
IIxpla.nation of their structure ean be obtained_' 

While these sheets were passing t11rollJ/h the press a 
letter wrilten by Mr. H . B. Guppy to Mr. J. Murmy ap
peared in Na/uTe ('-01. xuix. p. 236), giving some Mconot 
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of tlle rcsultsof a. visit to Keeling Atoll I (known also as the 
Cocos Island). As the letter is only a. prelimina.ry !lote, it 
is difficult to analyse or appreciate the writer's argumonts, 
so it may suffice to sa.y that he is convinced that' several 
important charaders of theseislsllds escaped the attention 
of Mr. Darwin,' that' these features throw considera.ble 
light. on the mode of origin of lagoon islands, aud give 
no support to the theory of subsidence.' According to 
Mr. Guppy's description' Keeling Atoll consists essentially 
of a. rillS of horseshoe or crescentic islands, inciudillg a 
lagoon, and presenting their convexities seaward~. 'I'lle 
crescentic form is possessed in varying degrees by different 
islands; some of the smaller ones nre perfect honeshoo 
atoUons alld inclose a shallow lagoonlet, OtilCrs again ex· 
hibit only a semi·crescentic form, while the larger islands 
iJa\·e been produced by the union of several islands of this 
shape.' He states that from the effects of gales, &c., the 
islands are constantly altering in shape, and expresses ilis 
decided opinion that the 'small atons and horseshoe 
islands only assume their horseshoe form after the island 
has been thrown up by the waves.' This is duo to the 
sand and dtbri3, which are swept along by a current, 
acculllulating under the lee of the ends of a shoal on the 
face of which tile eurrent impinges. so that the island 
tends to extend, both laterally tlnd to leeward, and thus 
gradually to assume, moro or less, the shape of n. crescent 
or horseshoe. Some estimates aro given of the amowlt of 
material transported by tlle cnrrents. 

Outside the seaward edge of the present reef, ?!.Ir. Guppy 
has observed n. series of submerged lines of growing corals 
separated from each other by saudy intervals. Thus the 
outward extension of a reef is effected 'not so much 
by the seaward growth of the presellt edge of the reef, as 
by tho formation outsiue of it of a. line of growing corals 

l~cb.i.ICCI.i.ortbepreseDtwork. 
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which, wh~n it reaches the surraee, rocillims, 80 to speak, 
the space inside it, which is soon filled up with sand and 
reel·dtbri4. The evidence, in fact, goos to show that a 
reef grows seaward raUler by jumps thsn by a gradual 
outward growth. This inference is of considerable import· 
&Ilce since it connects all classes of reefs toguther ill the 
matter of their seaward growth, the degree of inclination 
of the submBrine slope being the chief detel'mining factor.' 

Procoedingnow to the papers favourable to ~Ir. Darwin's 
views wo may quote first a passage in Professor Bayley 
Balfour's dellCriplion or the physical features of Rodriguez I 
which has all important bearing on one point in recent 
contro\·crsies. After staling that tho i~lo.nd is substantially 
a. hilly m9.>ls of "olcanic rock, tIle highest point being 
1,300 1 .. '4)1 sbove sea level; thllt the wcstcrn slopes of this 
tenllinato in 0. wide cOl'll.llille limcstone Iliain, dl\'er~ified 
with elc\'ations; alld that a fringillg reef of cornl, studded 
with islets, skirts the island 011 overy side, extellding on 
the west about three miles from land, but with its edgo at 
the eastcm end within abou~ one hundred yards of the 
beach; he proceeds :-' On the sollth·wc~t tho centrsl vol. 
canic ridge gradually descends, the ravitl('s become leM 
dll4'p, and the ground spreads Ollt into a large coralline 
lilnebtone plain. The demarcation bctwixt the limestone 
sud the \'oleanic rock is ,-cry sbal'J.), but illOlated patches of 
lime~tolle are met with on the surface of the volcanic 
f(·gioll ill the vicinity of the main mass .... 'i'he lime. 
stone is not found slo11g the northern or southern shores, 
until we ncar the east.crn extremity, where pat.ches occur 
at the moutlls of valleys, and e'-en at somo distsllce frOllI 
tho shore. .. On the soutuern shore between niviere 
Palmiste and Riyiere Poursuite, indications of raii!OO 
beaelles are seen, reaching about 20 foot abovo tho sea 

'l'hilo.oph.Tra.naacl.R.S. ,·ol.cb;,-iji. (1819),p. 2S9. 
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10,·e1. Tho eJ[istenco of tlle80 masses of corallino lime
stone indicates clearly a lower level of tbe island, and tbe 
e\;dence of raised beaches oonfinns this. Dut a considera. 
tion of the coral reefs points as dearly to a time when 
the island stood at a higher le'·el. The present coral reef 
fringes the cout, eltending, lIB 1 hl1.\"6 mentioned, about 
three miles on tbe south-west side, but coming close in 
shore 011 the east. All older r1lt!f, howe'·er. eJ[ists, now 
quite submerged in some places to a depth of o,·er 00 
fathoms. Upon it the present reef rests, and it extends 
westwards nearly fifteen mileH from the present coast, 
whilo 011 the east it stretches about six miles. We have 
thus proof of great and intermittent oscillations of the 
level of the islaml. Of the islets scattered over the reef 
some are '·olcanic and the others are composed of coralline 
l iluestone and sand. They are all within the compass of 
the present red, aud only occur on its wider parts.' Eight 
islets are of volcanic origin; the comllillo limestouo and 
IIman islets are more llumerous, and are confined to the 
southern al}d western reefs; none occur on the north. 

Mr. W. O. Crosby I states that le'·cl terraces with 
vertical walls, resting against the rugged moulltall}S of tlle 
interior, alld forming tho shore of the island, are coll~pi 

ouous features in the scenery of Cuba. 'l'hey may be ob
sen·cd at various levels Ull to nearly 2,000 feet. The first 
llresen·ell a. sensibly unifonn altitude of a.bout 80 feet for 
hundreds or milell. It ill breach6(l by tbe ri'·el1l which flow 
into the sea, alld is Been to be composed of coral: in ~hort. 
i~ ill an elevai.ed fringing reef, similar to tha.t which is now 
fonning on the adjacent sea. bottom. It \"8riOB in width 
from a few rodl to a mile or more. Sand and gra,·el a.re 
occasionally inK-l"fItratificd, especially near the rivers. 
showing that they a.re older Ul81l the reer. 

, On the elevilted Cor.l l~r. or ellb-.. by W. O. CroBby. 
Uo&ton Nill. lii.l. Soc. vol. ui;. (11.82_3). p. 124. 
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The second roof rises steeply, orten "erticaJly from the 
inner edge of the first, and along the north CODst varies 
trom 200 to 250 foot, being more affected by atmospheric 
denudation. It is older than the other, and the organic 
structures therein are in part obliterated by crystallisation, 
but of their identity of origin there can be no doubt. The 
~hird has an altitude of about llOO feet, and is yet older, 
more solid and morc crystallinc. A lourth rccf luUl an clc. 
"ation probably of not less tban 800 foot. These ancient 
coast· reefs, witll slight interruption, extend round the whole 
coast of Cuba. Moreover, tho lime~tone plateau of E l 
\'unque is considered by Mr. Crosby to be 1111 old coral reet. 
I ts top is about 1,800 leet above the sea; its sides lor the 
upper 600 or GOO feet are an almost contiuuouB wall of 
cliffs. 

Now, these terraces, of which the lowest is the most 
recent, obviously pro,'c tllat Cuba has been elenlted, and 
they mark stages in the UpriSiJlg. But there is also evi. 
dence that, at the present day, the coa.st is sillkillg. i'his 
is indicated by the condition of the lower part of the valleys, 
which are invaded by the sea and are fiUed to a consider. 
able depth with laud detritus. Moreo\'cr, if E I \'unque 
be an ancicnt reef, it is even now, after undergoing COIl

siderable denudatio)l, more thall 1,000 foot thick, alld in any 
case, tho third roof, mentioned above, consists of not less 
than 400 foot (in ,'crtieal thickness) of coral rock, But the 
reef-building corals do 1I0t flourish, generally speaking, ill 

water deeper than about 25 fathoms. Hence, tile maximuill 
thickness of a coral reef would be about laO feet, and to 
obtain e\'ClI this we must sssume that, from tllC time whcn 
its growth became possihle, till it reached the surface, the 
bed of tho soa remained at rest. Thus the conclusion seems 
inevitable tilat tho elentiou of the island of Cuba wss inter
rupted and dh'ersified by periods of mO\'f~ment in tlle 
opposite direction, 
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Professor J. D. Dana's paper I 'On the Origin of Cora.l 
Reefs and Islands,' though it deals with facts already 
published Illore than it adduces those Wllich are novel , is 
so important, as the work of a. naturalist whose personal 
knowledge of CQral reofs is pcrllaps uuequalled, that it calls 
{or a. rather full abstract. Professor Dana obtaiuoo the ox
perience, upon which his independent testimony is (ounded, 
in the course of three years spent ill travelling among 
coral reefs and islands in tho Pacific, during which tlle 
roofs of Tahiti, the Samoan (or Navigator) blanda, the 
lIawaian Islands, and tl10 Foojees WOfO examined with 
care, alld fifteen other coral islands "isited, 'seven of 
these in tbe Paumotu Archipelago, one, Tongatabu, in the 
Friendly Group, two, Taputeuea and Apia, in tlU) Gilbert 
Group, and five othera near the equator east of the Gilber ~ 

Group~Swain's, Fakaafo, Qataru (Duke of York's), Hull 
an(l Enderbury Island.' 

Professor Dana ealls special attention to tl10 eastern 
half of the Feejee Archipelago, wbero se\'eral of the great 
barrier reefs, from ten to twenty miles long, have but olle 
or two emergent peaks of land . NlIonuku, for instance, has 
one little point near its south'eastenl angle, 'a mile of 
peak within a barrier island 200 square miles in area. 
Bacon's Isles are the last two little peaks of a still larger 
lagoon ... a dozen of the easternmost islands are actual 
atolls-the last peak gono.' But in case it should be 
answered that these are the emergent portions of sub· 
marine volcanos, in which case the rillg-shaped barriers 
become difficult of explanatioll, while they are easy on the 
theory of subsidence, Professor Dana adds, that mo\'e_ 
meut in this direction is proved by the existence of deel) 
fiord-like imlontatiOIlS in tile rooky coasts of islands, both 
of those inside of barricra, and those not bordered by reefs. 
As examples of this structure, generally admitted to be 

, Amer. Jour. Sci. (1S%), SeT. Ill. vol. xn. pp. 89, 169. 
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one of Ule strongest e,;dencea of subsidence all tho world 
over, he quotes the Marquesas hlnlllis with the Gambier 
and lIogolen 18lands, Raiatea and Bolabola of the Tahiti 
Group lind tho E:w.:piorillg Isles of tIlO Fcejees. l)rofessor 
Dana abo callI attention to the general pllralleti~1ll between 
tile o.vemge trends of coral i~1l1nd8 antI the coursel, not 
only of tho groups of which they form part, but nlso of the 
groups of !Jig!! islands not far distant,L and refers to the 
arguments drawn by Mr. Darv.;11 from tho fact that tho 
larger «lral islands havo tbo samo di\'ursity of fonn as 
is foul1(1 in the barrier· reefs of high islands and exhibit 
groupings such as would result from the sinking of a large 
island of ridges and peaks with encircling reefs. The 
depth of the lagoou, aud of the channels inside of bamer 
roofs ill many easel! two or three times greater than 
twenty fathomrt-is very difficult to e:t:plain if thero bas 
been no subsidence; so is that of the 00(11111 ncar to atolls. 

Professor Danfl,llfterlloticingolHlortwocollsiderationa 
of a general nature, points out that· if an atoll roof is no' 
undergoing subsidence, the coral and shell material pro
duced which is not swept away and distribute« by currentl 
IU!rvcs: (I) to widen tbe reef; (2) to Ilteepcn, lUI a conse
qusnce of Ule widening, the upper parh of the submarine 
slopes; (3) to accumulate, on the reef, materisl for beaches 
amI dry land; and (t) to fill tbe lagoon. But ir, willie 
lIubMidenco is in progress, the contrihuti( ns £rom corals 
awl shells barely compensate for the 1089 by suhsidence 
amI current waste, the atoll'reef, unahle to supply suRi· 
ciellt d~bri, to raise the roof abo,'o tide level hy making 
b~ach{'9 ana dry land lI.CCumulations, would (I) remain 
mostly a bare tide· washed reef; (2) 108e in diameter or 
size because the dtbri, that is not used to I!ocp the re.<f at 

'Thi .. ho ... t~r, I coneei"e, ... ould not oller a diftlculty tQ th...., 
.. ho ... h-ocatelubmr.rilHlvo!cr.nie.lIl.l.Qa .... lfouudationforth. 
~"-
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tide· level is carried over the narrow reel to tllO lagoon by 
the waves whose throw on all sides is shoreward; cal lose 
ill irregularity of outline and thus approximate klwRrds an 
annular form; (4) lose the channels through the reef into 
the lagoon by the growth of corals IUld by consolidating 
dtbris; and (5) become at last a small bank of reef-roek 
with a haH·obliterated lagoon basin. 

'The Pacific contains reefs of the thTOO kinds: (1) atolls 
with much of the reef o\"ergrown by trees and shrubbery; 
(2) others, of large sud small size, with the reefs mostly or 
wholly tide-washed ; (3) othen, Ollly two or three square 
miles in STeil. without lagoons. Further, the different kinds 
are generally grouped separately and gradationally: (1) 
tho islands of the PauIDotu and Gilbert Archipelagos have 
uauaHy Ilaif or more of the red dry and green; (2)' the 
northern Carolines alld the northern Marsll8.11 Islands and 
the eastem Feejees, although in fact of large size, a.re 
mostly bate reefs; while (5) the islands of the Pha;llix 
Group, of tile equatorial Pacific cast o( the line of 180", 
are, with one e:'tception (Canton or Mary), not o\"er four 
miles long. The three more southern of the Phctnix 
Islands, Gardner's, Hull's alld Sydney, between 4Q 25' S. 
and 4° 55' S., are two to (our miles long and Illwe lagoons; 
five (islands), illclniling Phrenix, Birnie's and Kean's be· 
tween S" 10' S. and 8" 80' S., and Howla.nd and Baker's, 
north of the equator, ar(l a mile alld a. half, and less, in 
length, and have depressions at the centre but no lagoons. 
The depressions contain gUaJIO, and one o( them, Kea.n's, 
llas much gypsum mixed with the guano; Kean's and 
Phomix have a foot or two of water at high tide, the tide 
rising six feet. Another of the number, Enderbury's, is 
three miles long, and has a half·dried lagoon which is 
Yery shallow and has 110 growing corals. To Ule north 
cf these islands (or fifteen degrees o( latitude, the sea is 
an open one, and in the Ilext tell degrees, to the line of 
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the IIawaian chaiu, the only islets not marked doubtful 
are .• Coral Heef, Awash" and Johnston Ls1and. A similal' 
gradation in aize takes Illaee in the Ellice, Ratack, and 
mally other groups of the ocean,' Smallne811 of aize and 
dried lagoon ba.s.ins, wiUI occasionally a dep<»lit of gypsum 
frolll evaporated sea water, are just the results which should 
be expected if the cause which 11ad rl"gulatcd the coral 
growth had been subsidence; and gradation in it would 
result from gradation in the amOUllt of subsidence, 

l'ro(eSllOr Da1lll. states that lIe also came to the conclu. 
sion (lUld this appeared to be sustained by the' 'J'uscarora.· 
lUld • Challenger' soundings) that tho belt of Ulaximum 
subsidence iu the Pacific ran from the sollth of Japan in 
a south.easterly direction, passing south of the Marquesas 
Group towards Easter lsllUld, The' l'uscarorn' sound, 
ings indicated that tranS\'erse to the trcnd of the Phami:o:: 
blands (i.e, tralls\'erse to the belt of maximum sub· 
sidenoo), the mean submarine sloJ)es appear to be 1 to 1'1; 
or 1 to 1'7 (the former being nearly tho maximum slopes 
of Cotopaxi, Mount Shasta., and B6\'craJ other volcanic 
BUlllmits of Westem America), while the slopes aJong the 
trend are much less, This fact i9 more in accordance 
with It thoory of edellsh'e subsidence than of extellsive 
upheaval. 

Subsidence also is indicated by tho dooply indented 
sllorcs of the Marquesas Islands, but hero. probably owing 
to the boldness of the coast line, reefs arc few, Tahiti on 
UlC contrary affords no direct proof of subsidence, and 
Ilone of ele\'ation, beyond that of one or two fcet, But its 
broad reef" are favourable, in Professor Dana's opinion, to 
the idca of subsidence. lUld ha suggests tha~ it has amounted 
to about 46 or 60 fathoms. In one island of the Navigator 
Group the indented shores seem to favour a local sub· 
sidence, but ill the others Ulere is 110 diroct proof of 
mo\'ement in either direction, Subsidence, llowe\'el', is 
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indicded by the broad reefs, banier islands, and atolls 
of the Feejee groups. 

Elevation undoubtedly has occurred in severallocaliEes, 
e.g. in the Austral, IIervey, Fripudly, nud cven in the 
Sandwich Islands, but in all the amount is small-not, so 
far as he knows, anywhere exceeding SOO feet. These Pro
fessor Dana. collsi{\ers to be merely local phenomcllR, und he 
passes in review several faets showing the uncertailltJ of 
evidence as to little or no subsidence, or as to recent ele
vation from narrow reefs and the volcanic charll.Ctcr of 
islands. Furtllcr, these local elevations in coral sen~, 

where they do occur, are sprea(\ over very large areas. For 
instance, the Paumotu Archipelago, consiating of morc Ulan 
eighty atolls and two barrier islands, contains only three 
or four atolls that are over 12 f(!()t high. Of these Metia 
is 2(l0 fcet high. Dean's, probably at its highest l(l or 20 
feet, is GO miles to the N,N.E.; far to tne S.E. of that, 
nearly 1,450 miles from Metia, is Elizabeth Island, 80 feeL 
, Locate these points 011 a continent, and Pacific distances 
and the length of Pacific chains of atolla will be appre· 
ciated.' 

Professor Dalla llOxt reviews tl1e arguments in favour 
of hypotheses other than that of subsidence, and deals with 
the soundings of the' Challellger' off Northern Tahiti, upon 
which great stress has boon laid byhlr. Murray and others. 
llere, from tho edge of the barrier reef, the sea bottom, 
covered partly with growing corals, deepened gradually in 
about 2[;0 yards to 40 fathoms (i.c. to considerably below 
the depth at which reef·building corals usually can grow), 
then from this limit the bottom dropped down in abou~ 
100 yards to 100 fathoms; at first precipitately at all angle 
of 750

, then more gradually, but aoo,'e 4(lQ; Slld for 
Illlother 1GO yards the sea. bed still shelved down at 8(F, 
but beyond this the slope dimillished ill the course of a 
mile to GO, where at last the depth was GOO fathoms. 
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In other words, we may regard 111is part of Tahiti as Q. 

submerged mountain 8,000 feet high. Up to a. contour 
line of 8,000 feet the ground shchos upwards, at first 
gently, Hwn more steeply, till it attains a. slope of 80°; 
from tho top of this rises aline of cliffs about 8[;0 feet high 
crownod by a slope of which the angle is 18". The craggy 
wne is strewn, we are told, with large W8MCS of cora1-
like a talus beneath a line of cliff-mingled with fine dtbri,; 
in about 100 yards there is only !!and, which continues to 
the lowor part of the mountain, where it gives place to mud, 
composed of volcanic and coral 8alld and various organisms, 
generally minute. 

Great stre!'.s is laid on the occurrence of this area of 
coral crags and' screea' as indicative of the mOile in which 
a reef is enabled to grow outwards on a foundation, built 
from its own ruins. Such a mode of enlargement (as Pro
{elISOr Dana points out) had, ll0We\'er, been ol.wiously ad
mitted All pol>8ible in particular cases,l and 80 cannot be 
regardod as contrary to tho general hypothesis ]lilt forward 
by llr. Darwin. But he calls attention to tile f!\Ct that tbe 
lbo\'e obacn'ations pro,'e: (I) that the currents round 'fahiti 
are e\'idc!Iltiy weak beCause they carry little coral dtb';" so 
far as a mile from the edge of the reef; (2) that n'!ry large 
mas8CS of coral are lying about below the submarine cliffs 
at dopths of from 210 to GOO feet, i.e. fa.r below the dopth 
at which tho Wln'os could exort nny soriolls rending force. 
The position of these blocks, alwa.ys below 210 feel-too 
far from the edge of tile roof to have been borne from it 
ami wuhed at last o\'er the brow of the stecop dedi\ity
~l"'lnII only to be explicable ",-hon it is regarded as indica
~ing a Btage in Ule pMt hi~tory of the reef, and is a. me
morial of a time when this dt:clivity WRS the edgo of a 
growing reef, alld its brow WIIo8 beaten by the wavell.' 

, SHlpp.22,(i7,&:c.ol\heproaenlvolume. 
t l'rorC><lloOrDanaconliderathatwa,·eldoliulerendinll be.lowlhe 
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Tho ense at Tahiti appears to be confirmed by oUlor 
instances i SUoll as Captain Fitzroy's sounding (in the 
'Beagle' Voyage) at Keeling Atoll, 2,200 yards from the 
breakers, when no bottom was found at a. depth of 1,200 
fathoms i and the sounding by Captain Wilkes off Clermont 
Tonnerre (Paumotu Archipelago), where' the lead. brought 
up an iU8to.llt at 850 fathoms, then dropped off and de
scended to GOO fathoms, coming up bruised with small 
piecos ot red and white coral altMhcd ' ; as well as that by 
the same • a cable's length from Ahii,' where the h;ad 
struck a ledge of rock at 150 Catiloms, aml brought up 
finally at 800 fathoms. Still, it would be well that the 
older soundings should be repeated, and the subject be 
more fully investigated. l 

In regard to Professor Agassiz's argument that the 
Florida. reefs are the result of drifting material (see p. 287), 
and in no way require or indieate subsidence, Professor 
Dalla points out that there is little in the great barrier reef 
of Eastern Anstralia, which has some correspondence in 
position with the sand reefs off eastern Nortll America, to 
suggest a. similarity of origin. Full of irregularities of 
direction alld of illterruptions, it follows in no part an even 
line. In the northern part, the barrier, while varying 
much in its course, is barely 80 miles from the land; in the 
southern half it c:ltends out I SO miles from the coast, and 
includes a large atoll. formed reef. Further, in the Pacific 
Oecall, the trends, whether of eoral island groups, or of the 
single islands, frequently do not eorrespond with the diroo· 
tion of the oceanie currents, or indeed of any current 

depth 10 which they ean bare the boltom, so BJlto oblain an etreclive 
broadside llirokc, .,-hich he Ihinks .... rely uceeda in t!lemos! exlreme 
a Be, 20 teet vertical. At 210 feet he beliHI!8 the dio!pw:cmen\ ot 
the ",.terwouldbeatmOlllonlyafewinehel,andthul thebaltering 
JIO"er ,,·ould obviou81y be nil. 

, Seebeiow,p. 31(1, lor an lIoOOOunt 01 Mawnarhubllnd in the 
Red Sea. 
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which is not determined by their existence. Moreover, 
to pro\'O formation from drifting doeR not suffice to dis
prove subsidenoo. The length of Sandy Book "aries in 
consequence of the actlon of curr<!ntB, yet this doetl not 
disprove Professor Cook's conclusion that the New Jusey 
Coast is subsiding, 

Furth<!r, it must be borne in mind that subsidence has 
undoubtooly taken place in Ole region around Florida, 
tllOugh at prescnt we can only pro\'e this to have last(l(l into 
the earlier l' lcistocelle, the dilliculty of dealing with this 
being augmented by the occurrenccs of elevated. coral reefs, 
in Jamaica at 2,000 foot above the sea, and ill Cuba perhaps 
evon at the same, and certainly at 1,000 foct. Thc{orm<!c, 
while obviously pro,..jng elevation, are consid<!rod by Mr. 
Crosby to pro,'e also the occurrence of epache wlum move
ment was in the opposite direction (see p. BOO), 

The next section calls attention to the ,-ague character 
of the e,·idenoo adduced foc the building up fcom deep 
waters of important banks, composed of organic dtbris, to 
Ben-e as thc foundations of a coral roof, though doubtless 
Buch a tIling may occasionally occur. But in rl'gard to the 
~xistence of 8ubmerged mountain mas8OB, which have beeu 
indicated as 8uitoble for Ule like purpose, it lUay be w<!l1 
to give Pcofl'~1<Or Daua'a quotation of the argument, and 
his oommmli til<!ccon, Mr. Murray' obsen-ea that the 
.. lIOundings of the Tuscarora. and Challeng<!r ha.ve made 
known numcrous submarine elevations: mounta.illa ri~ing 
from the g<!n<!ral le"el of the OC<!Qn'a bcd, at a !Jeplh of 
2,l'iOOor H,OOO fathoms upto within a few hundred fathoms 
of the surface," But .. a f<!w hun!Jr(l(1 fathoms," if we make 
"a few" ('qual 2, m('ana 1,200 fcet or 1Il0re, which lea.\'es a 
long inten'al y<!t unfilled.' 

LII,tly, Profe~~r Dana. nn-iewa tile propo8(l(i explana
tion of the ring. like 8llBp6 of atolla, lind of the channels 
,.-hich exist in tile enclosure of atolls or b<!twoon atolls; 
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and points out that the larger the atoll the purer the sea· 
water of tl16 lagoon, 80 lilat. the latter would speedily reach 
a limit to its expansion in consequence of the non-growt.h 
of coral j inde«l, 8il 110 matter of fact, t.hese larger lagoolls 
con lain plenty of Il,-ing coral. The l10001111 (alld ultimately 
more important) fa.ctor in the enlargement. of a lagoon, 
,"i%. the corrosion of tbe dead coral by the soh"ent actiOIl 
of water, he regards 11.1 a hypothesis which Iia.s little direti. 
e\"idcIIC6 in i18 {"your and much indirect against it. The 
connection of channels with prevailing currents CIllllot 00 
shown, and tIle former in many eases are sufficiently deep 
to be well below the limit of abrasion. Indeed, as a rule, 
80 far from these channels being eularged by solution and 
abr&siOIl, they tend to be closed by the growth of lh"ing 
coral, aDd m&ny or the lagoons in the smsller i.slands are 
without cha1lllela. Henco in tbem, lUI there ('an be no 
apprceiable transference of water, the action or solution 
mu~t be reduced to a minimum. Yet theso closed atolls 
are by no means exceptioual. For instance, in tho case of 
about sixty coral islands maplled by the Wilkee expedition, 
or those whi('h range (rom I! to 8 miles in the longer 
diameter of the rft!(, nine ha.e no lagoon, but only a small 
depre~,.ion in its place. whicb is dry, except in tbe case of 
two where water geta in at high tide. Of those under 6 
miles iii length, having lagoons, 17 in number: 16 lla\"e 
no entrance to the lagoon at low tide; the other has an 
entrance of large size. or tllOse G miles or ovor in length, 
20 in number: 17 J1a,"0 chlUlnels and 12lun·e none; those 
ha\'ing chanuels are generally o,·er 10 miles long. It 
mu~t also be undentood that the opponents of the subsid· 
('nce tbeory are compelled to admit it in order to e:Jplain 
the depth of certain lagoons. lIence .rwfes!lOr Dana con· 
sidora that tho hypoth('~is of elevation or lateral apreading 
(luring a period of lOst is inadequato 6S a general expla. 
nation eftheproblcm. 
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To lhe a~guments a .. hanced by the autho~ already 
quoted we add the diagl1loms annexed, for the use of Wllich 
we are indebted to the courtesy of Messrs. Macmillan & Co. 
'l'hey appeared in Nature (vol. xxxvi. p. 418), illustrating a 
communication from Captain Wharton, and reprf"seni two 
seetions on a true lICale, made by Captain Maclear (ll.M.S . 
. Flying FiRh,' of the slope or the coral reef su~ronnding 
the small island of Masamarllu, situated in the ned Sea. 
in 1at. Hf' 4()' N., long. 88° 4i; E. Tile dotted lines show 
whero the l!IOundings were obto.ined, and the words illdicate 
the nature of the bottom. 

It will be observed that there is III remarkable and 
significant correspondence between these two sections, 
which, as the plan indicates, are taken nearly half a. mile 
apart. In each the surface of the fringing.reef. alter 
sLelving very gently downwards to a depth of abou~ three 
or four fathoms, is bounded by & submarine cliff. This in 
one section (~o . 1.) continues almost unbroken to a depth 
of about GOO feet, ucept tllat a kind of ledge or terrace is 
dearly indicated at a depth of rather less than 100 feet. 
In the other section (No. II.) tile foot of a great submarine 
cliff is found at about 600 feet, but in this case the cliff is 
distinctly divided into two preeipices by a. shelving bllllk of 
coral and /land, which begins at a depth of about l-i0 feet 
and reaehes tLe brow of the lower precipice ai about 2(;0 
feet. 'filis bank is co\'e~ed by' sand and coral.' At this 
depth in each seetion the island is, as it were, defendea 
by & deep and narrow ditell, the edge of its steep glacis 
being fanned by a sharp a~te of coral wllich in one case 
rises into soundings of abou~ 250 feet. F rom Hlis the 
former section shows & second rapid fall down to another 
ditch, the bottom of whieh lies more than 1,200 feet below 
lhe sea Jevel. This ill seetion resembl~s the ot.her one, 
and the height of its countcrsenql is more than :300 feet. 
From the edge of this the glacis ror a. short distance is nearly 
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level, and then descends at an angle of some thirty degrees. 
In the lower diagram we find no indication of this second 
ditch, but a long slope begius at the foot of the submarine 
cliff at a depth of about SGO foot, which is very nearly 
identical with that of the flat part of the gla.cis in the 
fonncrseetion. 

It will be obsen'ed that the upper ditch (that common 
to both soetions) has its bottom at l\ depth of full 500 feet, 
or about SG fathoms-that is, at more tlll\n throo times the 
avernge deptll at which reef· building corals ceaS<! to live, 
while the least depth of the final submllrine slope is SI)O 
feet, or morc than 140 fathoms. These (litehes seem irre
concilable with any idea of an outward'BIJreading growth 
of the reef, and mnst, I think, be iudieati\'e of a subsidenoo 
which i801atOO the outward and morc flouriRhing edge of 
a shore reef, and progressed rather too rapidly to allow 
itB comlB to edelld across tIle trench thus formed and effect 
a Ullioll with the main mass. or course if a fissure·like 
hollow were once established betwoon two mllsses of growing 
coral in a subsiding area, it would not be readily filled up, 
unless the edge of its outer wall were sumciently near the 
surface to Buffer much from the violenoo of the W8,'e8, 

'l'he former section seems to me inoxlllicable under the 
coll(litiolls ordinarily admitted for coral growth, unless we 
suppose that the bottom of the lower ditch, now at a 
depth of over 1,2()() foot (200 fathom8" was Conneri), situ
ated within about 21) fathoms of the surface; 80 that a sub
sidence of more than 1,000 feet may fairly be claimed for 
the coral reef of Masamarhu. 

Professor Dana,l in an articl~ which appeared while 
this sLC!et was in the press, adduce8 some new and very 

• Poin'" in the Geological Histor,. of the illlend, Mllui en(1 Oehu, 
By J. D, Delle, Amer. Jour. Sci. 1"01. u.uii. I). 81 (februery 1889). 
l&.m indebted to my friend l'T<)feMOrJudd for ceiling m"eltcnlioD 
10Ihl,erticle. 
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important evidence in Ngard to the Sandwich Islands. 
Oahu, the iqland on which is the LoWIl of Honolulu, gives 
indications of a recent upward change of level, Ilmowlting 
to 00 feet Ilt least on its northenl, and about 20 feet less 
011 its southern side. But this is not 11.11 . Several deep 
borings have been made ill difftrent parts of the island, 
the pa.rticulars of which aro Ncoruoo. The following may 
be laken R9 examples. 

L Jamu Campbell'. lVell, at u:tdfoot of Diamonil Head, 
1Iot far from .til-kt·d. 

T""_ ~II ,-
Oraveland beaebl&nd. .. 
Tu'alihthaLofDia.mondHe&<i . ". Jlard comJ roek, 1ik4 marW. ... ... 
Darkbro .... clay 15 000 
Wa~hed gnvel " "" J)e(.1> red day " '."'" Sojt ",hiU rorai .. 1,048 
Soal'atone-likeroo:k 20 '.068 
Drown day and brobnroral n. 1,178 
liard bJue J.v. .. 1,223 
DJaek.ndredeJ.y .. 1.25 1 
Dro ... " I ..... '" '.>00 

II. Kiny" lI"ell So. 2, abollt IIalf a mik tcut of Diamond 
11ill, and 850 yard. fro", au .ta-dort. 

T),t.,ka_ ~b ,-
Sand ."d 0XInt.1 '" " 60 
Yellow.and .. 103 

" 'SO 
lVhiltcorolroek n. ,eo 
muteJay 25 
Tough d.y and roral " .W 
Dllled.y 50 ... 
JI"rd_alroelo: to ... 
&ftooml 50 ... 
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King" Well, etc.-oontinued. 
Toughel., 
WAiUClWalrock 
Toughel., 
While ooral rod: 
Toughcl., 
Com/l.lldcl.,. 
Toughcl.y 
Dhw:k .. nd 
IA .. 

8oiIGfool,with6feetofhlaekll.lld,l.IId 

Tblct_n.,pu. 
, .. ~ Feet 

Ii 4SS 
40 f9S 
30 62:; 

100 au 
Ii G30 

70 700 
728 , 7,. 

120 850 

ea,{feel. 16 
IVAiU wml rock 200 
Dro.nel.y H 260 
Corolrock 10 370 
Bro.ncl., 60 
Whiucorolrock 50 380 
Bro.nel .. , 80 400 
Bed rod! orlt.v .. , penetra.ted • 4l} (i!Y.l 

The evidence of these borings, which is corroboratOO 
by others quotod in tbe paper, points to II. very consider
able subsidence in this region, to the amount of at least. 
800 feet, and in all probability of considerably more tban 
1,000 feet. Moreover, the • hard coral rock, like marble' 
(No. I.) can hardly be anything but a' fossil roof'; the base 
of Ulis, it will be observed, after some upheaval, is even now 
at a depth of 825 feet (187! fa.tboms), and the roof has a. 
continuous thickness of 505 foet (full 81 fathoms), 

Tho above abstro.cts may suffice, I hope, to sh'e a fair 
represent.o.tion of the arguments for and ngainst Mr. Dar· 
win's thoory, which haw been a<h'll.ncoo during the last 
fourteen years. That thoory is re~rdcd by some cnthu
mastic opponontJJ, as already on the thresllOid of tbo limbo 
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appointed for cxplo<lcd hypoUleseS. To this opinio,n r 
canllot declare my8<llf a conn-rt. (or reasons which, in 
conclusiou, I shall endeavour to indicate. 

First, however, I may remark that certain of Mr. 
Darwin's critics occasionally appear to have peruRCd his 
book with o\-cnnuch hute, &lid to ha\"o o\-erlooked tlIe 
(act lhat be admits such possibilities as local upheavals, 
the lateral growili of Nelli, aud modes of (onnation similar 
to those asserted for the Florida reefs; 1 that in short, most 
of tho onuses Oil which stress has been lai(l by his critics 
have been already noticed by him, so thnt he diffoI's from 
tlJom, not in o\"cr!ooking Bueh causes, but ill assigning 
to t11cm a 8ubordiullio ,"alue. Moreover, it Illsy 110t be 
unfair to call attention to the want of unanimity among 
his opponents: some adn)Csting solution as a primsry cause 
ill the shaping of atoll!!, while olhers rely chiefly on the 
mode of growth of the polyps. Such a di,"ergence ob\-iously 
does not pro,'e Mr, Darwin right, but it does indicate that 
llS yet no other hypothesis lIas been able to secure a general 
acceptance, and that the problem still demands the exercise 
of eautioiIlJ induction, which Wll.!! his method of procedure, 
aud does not justify the o\'er,confident boldness of asgertion 
which llll.!! characterised at least one critio of his work, 

The chief arguments which h!H'e been admnced against 
Mr. Darwin'S Oll)ory, fLB it appears to me, may be OlliS 
summarised :-1. That such evidence as can be obtained 
in regiolls where extensive coral reefs exist is favourable 
to uphea.al rother than to subsidence. 2. That lateral 
gro"9ltih is a most important faclor in the fonnation of a reef, 
tll6 polyps, as they ad\'llnce, being supported on a founda
tion composed partly of the broken fragments of the reef, 
partly of other marine organisms, and that by means of the 
latter deeply submerged banks are sometimes augmented 
vertically until thoy are brought within the ZOlle of reel-coral 

'Seepp.22,23,7(l,tZO,121.17I,elc. 
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life. 8. Thll.t lagoons and lagoon chll.unels ace materially 
enlarged by tho destruction of dead coral through Ole 
solvent effects of sea-water. 1. That in the past history 
of Ole earth we find no evidence in fa\-our of the formation 

. of coral reefs ill areas of subllidence, or in oilier words 
that fOlSSil coral reC'fs are less than somo 25 fatlloms thick. 

]. Much stros~ is evidently laid upon the fo.ct that 
many coral islands afford evidences of n. certain amount of 
uphes.Yal. This amount, in most t8J!e9, is but slight, amI 
its significance appears to me to hfL\'o heell cXllggeraled. 
Uudoubted1y, it pro\-CS that the rcconl. which is the most 
obvious illdicates nn ullward IUld not Q, dowmn .. rd motioll, 
but in so doillg it introduccs a difiicwty which will 
presclltly be lloticed. These illdicatiol)s, however, do not 
of themsehe9 prove a general upheaval, but only oscilla
tion. EYery geologist is aware that movements in allY 
given direction are frequently neiilier uniform nor contin
uous. For instance, no one doubts tllat the wcstem coast 
of Scandinayia, allf!, in a less degr~, that of Great Britail), 
haye wry considerably subsided since the sculpture or their 
leading physical features, and yet from the Land's Elld to. 
tbe North Cape we constantly find proofs that the latest 
mO\'cments havo beclL in an upward direction. E'-en in 
the case of the more important, bllt much rarer, uphea.val 
of roofl!, as at tlle island of Cuba, the .;oral m&.ll8Os are so 
thick that we must assume the practical arrest of all up
ward Illo.ement during UlO groWUI of the roof_ In this 
calUl also, if the coral reef be only a sort of cap concealing 
a hill of pre.exi~tent rock, we ma.y rClUIOnably be surprised 
tllat tIle' sshlar-work ' of coml limestone has ill no case 
110 far yielded to the actiOIl of the atmospheric agencics as 
to lay bare its inner support. 

Doubtless tllece are many reefs to which either eJ[plan
ation might be applied, but there are some which, unlcss 
corol polyps call buil{l at depths mllch greater than 25 
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fathoms, clIon Duly be explained by subsidence. lt is sought. 
to elude this difficulty by supposing that the reef builders, 
under specially favourable circumstances, may commence 
operations at depths considerably greater than the usual 
limit. It is indeed true that reef corals arc sometimes 
dredged alive from depths much exceeding 25 fathoms, 
but the result of all recent researches 1189 certainly been 
to confirm the general correctness of this bathymctrica\ 
limit, IUld the proposed evasion of the difficulty is at 
present So mere hypothesis, which bears a suspicious resem
blanee to the epicycles devised to prop up the Ptolemaic 
system ofastronoUlY· 

While Ole existence of 'continental rocks,' as they may 
be called, in oceanic islands would b'''''6 almost pro\'ed a 
general subsidence, I do not see that the frequent occur· 
reucc of voicatlic rooks is seriously opposed to it. The 
arrangement of the majority of coral islands, whether 
wholly composed of organic material, or incrusting a 
nucleus of volcanic rocks, is indicative of lines of weakness 
in the earth's crust, which would give rise to mO\'ements 
in either direction, and in each case the isiallds woul(1 be 
connected with extruded masses of volcanic rocks, ejected 
at various points along these lines.' Thus, we have to 
consider which of two hypotheses is the more probable: 
(a) that mounds thus formed ha\'e, in the majority of 
cases, failed to reach the surface, but lnH'O llevertheless 
generally arrived within a comparath'cly short distance of 
that goal; or (b), that they, after having ill mallY cases 
overtopped the surface, have again subsided. The laUer, 

'It !nun not be forgotten that Ihough UlepeakB of mount.ain 
rang98 ara frequently composed of 'continenlalrocks,'instance.are 
by no mean. "'anling, U iu the Andc8, CautaSuII, .te., where the 
higber porlions are'·oleanie. In more insulllted mountain mUlles, 
I18lhoseof Blnll, Kilimllnjaro, Arllrllt, of 8Olneollheielandsollhe 
Mala)' Arohipelago and on the western CO&91 01 North America, we 
have instances of "olcllnoeB forming the highed rmrtof thelllnd. 
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I mUlt confesa, seems to me tbe more probable, e8peeially 
when we remember tbat subsidence very oommollly occurs 
in III ditftrict wben it has recently ceased to be the scene of 
volcanic diflturblllnces on a large 8Cl\le. 

2. In regard to tlle lateral spreading of reefs, like a '{airy 
ring,' &8 it has been bappily expresaod, there is no doubt 
that, al! hR8 been admitted by Mr. Darwin,' some sugmen
tl\tiol1 may occur in this way; but to regArd thi8 AB a factor 
of prime importance in tbe development of a reef seems tome 
to import new and BeriOUB diffieultie8. l,et U8 a8l'ume that 
the submlU'ine mound or shoal on which the r~f ill founded 
remains at fest during the whole period of the growth of tbe 
latter, and that this commences on the area (regarded, (or 
simplicity, &8 • plain) included within the bathYllletrical 
contour line of 2;:; £I\thomfl. For a considerable period. 
until the edge of the reef arrives within a Cew fatlioms, pro
bably leu tillm ten (see p. 815), of the Burface of the Bea~ 
that is, for full three-fifths of its wholo vertical growtb~ 
the exterior slop<!s will only be fi,ugml!nted by the !Wcu
mulaliOIl of marine organism!l, a 11roeef18 which cannot. be 
rapid. Ilence, for a considerable time, nnlil the reef 
iLJelf has OOIUI)Il'ted tbe greater part of its growth, and 
begins to augment the talus with its own ruins, the process 
of laying the Cowldation for a new coral growth, and thus 
the laternl Bl)readi.llg of the reef, will ~ slow. 

Consider, then, the case of a red whl!re this llr()Cess hss 
bagUll, and for simplicity regard it as 1\ cylilldl!r cap
ping a llat-topped cOile. Ob"ioullly, if the rcef begin to 
Apread laterally, tho ,-olume of the fOlllHllltioli required to 
support the IIew growth inCrea8€B far more mpidly than 
the area from which material clm be supplied . Hence, 
a3 the reelad\'llollces outwards, the rate of illcrease "'-ill 
rapidly diminish, unless we suppose either an edraordi
nary annual destruction or growing eoral , or an increased 

'~W.22,67,70oflhi . .. otk. 
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accumulation of other organisms. 1.1oroo,-or, unless we 
rely on solution for enlarging the lagoon, this will remain 
or its original size, and thus will be smaJ1 in coffipariliOll 

. with the ultimate area. of the atoll. No doubt, for a time, 
8S the reef is approaching the surface of tile sea, the morc 
rapid growth of Ole coral at its outer margin will cause 
it to be saucer-like in section, amI thus somewhat enlarge 
tile lagoon, but as soon as the upward growth ceases tllis 
p£Oeess is arrested and the stoll can only spread laterally 
and tlms Ulllst increase in breadth, wllile the lagoon, if 
there be no solution, tends rather to diminish in ~ize. 

It is, however, stated on good authority I that coral 
growth, :lS a. rule, is by no means entirely arrested in 
a iagooll, and we csunot Buppose that so long as there is 
froo passage for a oollsiderable stratum of water aboye the 
reef-i.e. so 10llg as there are 6O\lndings of 8 or 10 fathoms 
over it-the polyps on its inner part will suffer materially 
from want of food or properly aerated water. llenco the 
lagoon will not be formed at all until the roof has made 
!;omo progress upwards, 60 that it should always be com· 
paratively shallow, not exceeding a few fathoms in maxi
ilium depth. From the aboye oollsiderations it appears to 
me Hlat tlle 'fairy_rillg' hypothesis is inadequate unless 
it be inseparably linked with that of' solution.' 

At this period we may not unfitly notice another COIl
sideration which III'S been urged, viz. that many shoals, 
chiefly of volcallic origin, which lie at too great a depth to 
be colonised by roof· building polyps, may be raised up to 
the proper le\"el by the accumulation of marine organisms. 
Tbat. this may sometimes occur CIl.11110t be denied, but it 
must be remembered that, unless the shoal lie at a very 
moderate depth below the required level, tho process 
of accumulation will be extremely slow. Mr. Murray's 
estimate of the quantity of carbOllate of lime l'rescnt ill tl10 

, s....1'1'·3Q2,SI8oflhiiwork. 
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minute organisms which inhabit the upper stratum of the 
occan water seems at first considerable, but when we 
estimate its thickness in a given area, this pro'"es to be 
extremely small. Hence, unless wc assign a very brief 
existence to each individual, and thns suppose a heavy rain 
of shells 011 the ocean floor, the foundation {or the future reef 
will rise hut slow]y, and its initiation, ill ille case of those 
which now exist, must be carried hack to a mther remote 
epoch. Here, agaiu, we may inquire whether a cause, which 
must not he wllOlly o,·erlool.:ed, has not, through an crror 
in mental ptlrspective, been brought into IImIlle prominence. 

S. The solution thoory, which ind~1 by no lUeans 
meets with universal nccepta.nce nmong Mr. Darwin's 
critics, appears to IDO beset Witl1 eOIl~idcrnble difficulties. 
1'he solnbility of carlxmate of limo in ocean-water canllot 
o{ oour~e be denied; but is there satisfactory evidence that 
this is a factor of primary importalJ(~e to the case of a 
coral reef? 1'Ile apparently rapid solution of calcareollS 
organi~ms at great depths has but little bearing on what 
occurs at small depths, and tllC good IlreServo.tioll of the 
'globigerin3 OO:W' down to depths of Borne 2,000 fathoms, in 
itself indicates that solution to any important amount takes 
plaoo limier very exceptional conditiouli. The rottenness 
frequently noted in dead coral is mainly (lue to the decom
position of the animal tissues with which the mineral 
con~tit\lent is incorporated : thus tllO' process is oue of 
disintegration more than of solution . Tho dead coral is 
110 doubt to some extent di~solYoo. but it mainly fonns a 
sand or mud. This of confSe, in some cases, will be swept 
ont by current~ into the open ocean, a11d thus the coral 
will be rcmo"ed from its place of growth, but it may well 
be doubted whether this substitute for a true solution will 
be for long a fnctor of prime importance in the genesis 
of a 111goon. There is moreover some e"idence directly 
opposed to tlle Ulcoryof solution at 1\ moderate depUI, as, for 
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example, tho blocks of recent limestone which wero dredged 
by Professor A. Agassiz off tho Florida. reef.! Under what 
circumstances, then, will tho sea-water act as a. solvent on 
the dead coral? I think we must reply. When the fluid 
is rather rapidly altering its position in regard to the sub· 
stance att.1.Cked. Thus rain and streams are important 
soh'cnts, and so might be breaking waves or tidal ebb and 
flow, but when tho water is Ilt rest or is only spreading 
with a slow, diffusive mO\'cment, its solvent action is ex
tremely sligM. For instance, chalk often is, ana must 
often luwo been, saturated with water, yet numbers of the 
minute organisms which enter into its composition are still 
perfectly distinguishable. The same is true of many 
other limestones; indeed the effect of water often seemfl 
conservative rather than destructive. It sinks down into 
the body of the rock, carrying with it the carbonate of lime 
which Ims been obtailled from the e:o:posed. superficial part 
of the mass, but on reaching the le\'el of saturation, wIlen 
it only percolates by diffusion, it commonly deposits its 
burden, filling up with mineral calcite the interstices of the 
organic materiRls. Henoo the eomparnti"ely quiet watt!rs 
of a lagoon would be fll\'ourable to the consolidation raUle\' 
than to the destruction of the dead coral, save only within 
a ,'ery limited distance from the surface. Moreover, the 
remains of organisms, when once the interstitial animal 
tissues ha.vc been replaced, appear to be le~s soluble thall 
the other parts of a. rock, as is indicated by the familiar 
, weathering out' of fossils. Reef rock also alJpears "ery 
apt to assume a solid and semi.crystalline condition 
(p. 17), and in regard to this we must not overlook a 
peculiarity of coral which, as it seems to mc, has an 
importallt bearing on the subject. Dea(l conti is ,"cry 
readily converted into dolomite, Wllich is a much less 
soluble salt tllRn calcite. Further, the conditions which 

, See p. 2S8 of this work. 
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would prevail ill a lagoon, when its watc", had become 
unsuitable for coral life, would be those which would be 
nceplionally favourable to the formation of dolomite. It 
seems, UUlIl, from the abo"e considerations that we eannot 
regard the cOrT08ive effect ofsea·wal.cras an agent of more 
than ,ery secondary importance in modifying Ule structure 
of an atoll. 

4. In regard to the negative goological e\·idellce. Here 
'1\'0 must not o\-erlook two considerationS-Qne that the 
structuro of a coral roof is \'Ilry commonly lIlore or less 
composite; broken coral, shclls, .t;c., forming a part, and 
sometimea predoillinating when from ono cause or another 
the growth of the polyps is temporarily checked (p. 166); 
hence in BOrne cases, what is reaUy a continuous roof lDay 
be BUjlposod, if ouly an occasional section be visible. to be 
a seriC'S of thiu reefs-the other (the more important and 
general) that the characteristic structure of dead coral 
becomes r$pidly inconspicuous and may be oilly discover
able in thill sections under the microscope. Whero dolo
mitisation hal! occurred it may be actually obliterated, for 
the molecular changes iu,oh-oo ill the prOC4'!611 are often 
sufticient to destroy e"ery trace of an orb'llonism. We may 
thus be pre"entOO from recogni~ing many ancient coral 
reefs. Mort:o\'er, the aporwa and m.adrtporaria, which 
are now the chief reef-builders, have only become common 
since the conclusion of Palreozoic ages, BO tbat the largest 
volume of the geological history of tile earth is ueluded 
from consideration, because in the times which it CO\'ers 
the habits of the reef-builders may luwc been different. 
Heefs also, it must be remembered, !Lrc restricted at the 
llrescnt<laytoalmost tropical regions, 80 that. not\\'ithstanu
ing any \'ariation of eiimate, they must al\\"8)8 have been 
le~ frequent and less luxuriant in 1l0rthenl latitudes-that 
is to 8IIoy, in those regions with which geologisUi are best 
acquainted. Mill, instances of thick reefs of eomparati"ely 
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late datonroon record ,! alld ifthoso geologists a re Tigh t who 
cOllsider the Schlem dolomites as being to Q. great cxtent 
due to rC!eC·building corals, we have in the TrilUlliic deposits 
of the Italian Tyrol roof8 thick enough to satisfy the most 
exacting requirements. 

It is tLen, I think, premature to regard the theory 
which was ad,-anced by Mr. Darwin, and has reeein!(1 the 
appro\'8.l. of an obsen'cr of SUcil an exceptional experience 
as Pro(ilS80T Dana, as conclusively disproved by the results 
of the more recent investigations. '£1Iat this thcory may 
have been oxpressed in terms a little too comprellcnsivc. 
that thero may be a larger number of exceptional cases 
than was at first supposed, is quito possible. '1'his, 1IOw6vcr, 
is the almoat inevitable lot of oYory great generalisation. Its 
author concentrates, and rightly concentrates, his atten
tion Oil tho I18.lient features, as ono who gaze! first at a 
mountain b'1'OUP fixes his eyes upon the principal peaks 
and for II. lime pays little attention to, perhaps C'-CII 

under-estimates the importance of, the subordilllite ranges; 
n6verth£:iess his conception of the physical structure of the 
regioll, though modified, is not o.erthrown by the work of 
subsequcnt tra\'ellerfl_ This may prove to be tho case ill 
regard to tho present somrowrsy_ It lllay vory possibly 
be foum} that, as remarked by Mr _ Boume, lho hi~tory of 
coral reefs is Illore varied and 100mplicated than Wall Ilt fi rst 
supposed, but it scems to me that, as the evidence a~ 

present stanlls, it is insufficient to justily a decision ad,-eroo 
to Mr. Darwin's theory as a general explallation. 

, SeeI'p·S09,S22olihiI1FOd:. 
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