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PREFAC E. 

I SIIALL hAve occasion, in. many parts of the following 

volume, to acknowledge the valuable information I have 

received from several person$; bUll IIII1St more particularly 

cxprc811 my obligationa 10 Captain R. Moresby, I. N., who 

conducted the survey of the UN Sea, and of the archipelagoes 

of loW' oora]·i,lands in the [udiau Ocean. I beg, also. 

to be permitted to return my beat thaoh to Captain 

Beaufort. R. N., for having given me free! access to the 

charu in the Admiralty, as well as to Captain Beecher, R.N. 

for mOlt kindly aiding Ole in consuhing them. My thanh 

arc likewise especially due to Captaiu Washington, R.N. for 

his invariable de!ire to assist me in every possible manner. 

Having in former publications had the plcallurc of acknoll'· 

ledging how much lowe te Captain FitzRoy, for having 

permitted me to volunteer my sen'ices on boord II.M. S. 

Bffl!llt. and for his llnifonn kinducss in g1\' ing me assistance 

in my rescarches, I can here only repeat my obligations to 

Th.. k ofChari e. rwin nline 



llim. The materials for this ,·olume were ncarly ready two 

yca", ago ; but owing to ill health, illl publication hall b<>cn 

dclayed. The two succeeding l'arta,--one on the volcanic 

island. visited during the voyage of the Beagle, and the 

other 011 South A~eriea,-will appear, us soon U8 they can 

be prepared . 
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DESCRIPTION OF TIlE PLATES. 

PLATE I. 
In the several original ~un'ey8, fr(lm which the small plans on wi. 

plllte have been redueed,the eOr&!-reef8 sre engraved in very din-erent 
stylet!. For ther;akc o(un;formity, 1 h""eadopted the atyleused in 
the ch..'ut.s of the ChagQs Arehil"'illgo, published by the EwstIndian 
Company, from the survey by Capt. Moresby IUld Lieut. Powell. 
The 8urfa« of the rf'('f, which dries at low water, il repre>lcnted 
by 8 "i!,pled BurCaee with small crOMeS, lhe oornl-illet.t on the 
red are marked by small linear unstippled spaces, on which a 
(ewroeoa-nuttreea, out of all proportion too large, h llse been intro· 
dueed for the SIIke of cleame88. The entire almu/a, ruf, which 
,"'hen $I1rnl\1udingan open ezpanse of water, fonnslln 'atoll,' and 
when IUITOunding one or more high isillnda, form. an encireling 
·oomer • ....ef,'hll.8 a neariy llniform structure, and has been tinted,in 
order to catch the eyt, 0/" pak br(nC?l,""_m colo .. r. The reefs in IIOme 
of the original lurve)'s are repre8ented merely by a aingle line with 
eNUefl,1IO tilaL their breadth il not given , I have had luch reel'll en­
graved or the width lIIullly attained by coral-reefs_ I have not 
thought it worth while 10 inlrodnte all thm.('! small and very 
nUmn'OusreeC., whichOC<:Ufwithin lhe lBgoons of mOllt atolla and 
within the lagoon-channels of most barrier-reels, and .... hicil stand 
eilherillOla!ed,of Ire attached to lilelhol'Cllol !hereel orland. At 
Ptro. BanhOll none of the lagoon-reefs rise to the IUrface of the 
1NLI.cr, a few of them ha\' c been introduced, nnd are marked by plain 
dotted circlcs_ A few of the deepe$t lIOundingtl are laid down witbin 
elChnef, they are in fathoIIlll,of ,i.Englishf~t. 

F'ig. I.-VAlfJ .. ORO, situated in the western part of tile S. Pacific; taken 
from tlle IUrvey by Capt. D'Urville in tbe A'lr~: the IlCale is 
tolaninchtoageographicalmllc, the lIo.mdingli on the southern 
side of the island, nBmely, from 30 to 40 fathoms, are given {I(Im 
the voyage of theChev, Dillon; theotller IIOnndingli are laid do .... n 
from the IJIlfVCy by D'Un-ille; height of the lummit of the iIIland is 
J03:l feet. The principel small detached I'Cf:fs within the lagoon-
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viii DESCRIPTION OF PI,ATES. 

chlnnel have in thiain.stance m.cn rel)fesent~d. ThelOUthemshorc 
of the ialandis nIIrTOwlyfringed I>y & reef: if the engra"er had 
carried thi~ reef entirely round iloth islands, this figure would have 
served (by leaving out in imaginu.tion the barrier·reef) lIS a good 
specimen or an abruptly-aided island, anrTOunded by a reef or the 
fringingeiasl, 

}'ig. a-HoooLltu, Or ROllO, in the Caroline Archipelago; taken from 
thelltlasofthevoy~ofthcA8IrnI.(JlH,eompiledfromthesurveyliof 

Captains DupeJTey Ilnd D'Urville; IICllle. of an inch to .. rnil~; the 
depth of the immense lagoon-like apace within the reef is not known. 

Fig. 3.-RMAT'O, in the Society Archipeillgo; from the mllp given in 
the quarto edition of Cook's fil'ltvoyage; it iaprobably not acenrate; 
6C8le.ofaniochlOamile. 

Fig. 4.-& .... , Or HRl'Ott ATOLL (or lagoon·island), in the I,ow Ar'ehi­
pelago, from theau"'ey by Capt. Beechey, R N.; scale. of IlIl inch 
10 s mile; the lagoon il choked up with reefs, but the average 
greatest depth of about 20 fathoms, is gl,-en from the published 
aeeountofthevoYllge. 

}'ig. !i.-BotAQow., in the Society Archipelago, from the anrvey of 
Cspt. Dnperrey, in the Coqu.o1l,: IlClllefof an inch to a mile; the 
lIOundingsinthis and the following figure hvehe<:naltered [rom 
French feet to English fathoms; height of higl'n! point of the 
isllllld4026rect. 

~·ig. 6.-MAURUA, in the Society Archipelagu; from the IUI-'-ey by Capt. 
DuperreyintheCoqll.ill«:scaJ.efofaninchtoamile:hcightofland 
ahout800fed. 

Fig. 7.-POUT)(lPi<TI!., or SENIA"'NII, in the CarolineArchipclago; from 
theaurvey loy Admiral Lntki\: scale loraninchtoamilc_ 

Fig.8.-GAlIIBIER IBU5DS, in the southern part of the I,ow Archj­
ilCi&go; from the Burvey by C8pL Deechey; 1IC8lelof IlIl inch til. 11 

mile; heightofhigheetisland,l246feet; theislandsa~l!IlrTOunded 
by extensive and irregular reef.; the reef on the fOuthern .ide i. 
submerged. 

Fig. 9.-PERO. DASIIO$ ATO'.~, (or lagoon-island), in the ChagOOl group 
in the Indian Ocean; from the ~llrvey by Capt. MOfC6by and Lieut. 
!'owell; scalefof an inch toamile; not nearly all the smallsllb. 
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ml'l'ged ~f. in the lagoon I~ n'pffKntro; the annular ~ef on the 
IIO\Ithemroidei ..... bmerged. 

Fig.IO.-KEEUYO, or CO(:OI ATOLL, (0. lagoon-ilhllld), in the Indian 
Ocran; from the .u ..... er by Capt. FillRoy; _Ie I of an In~h to a 
mile; Ihe lagoon lOuthof the dottw. 1ine is\"e.y 1ha.1I0W, and is left. 
almOlit ba.e at low 1I·lUcrl the part north of the line is choked up 
with irregulft. reefl!.. The annular ~f on tile N. W. aide ;. broken, 
andblcndllintoa.hoaIMDd-bank,on·dlichthe_bl"t'ab. 

PLATE I I. 

Fig. I.-GlUT CU.OOI u.'YII", in the Indian <>«an; taltcn from IIle 
.... n-ey by Capt. Monsby and Lieut. I'o,,·ell; _Ie. of an inch 10 a 
mile (Illme Kale Il8 Hogalc ... , in Plate I.); the l)l\rtI ... ·hieh ~1ll6hadcd, 
.. ·ilh the ne'eption oft";'o Or th~ illeb on Ihe .. ·t:llem and northern 
lirle.,do nOl.riKto theturf~. but arelJUbme.ged from 4 to 10 
fathoml; the banb hounded by the dOlled linu lie from I!\ to ~ 
fatboma beneath the IUrrace, and are formed of SIUld; the ~lItral 
apace iI of mud, and trom 30 to 50 tathoma d~l). 

Fig. :1.-A .. erticaillect.ion, on Ihelllflle_le,in lUI E.and W. lincllCTOIJI 
Ihe Grnt.Chagoi Bank,givcn for thclllkc of cxltibiting more clearly 
itlltruclure. 

Fig. 3._UL'fCWICOFr .nOLL (or lagoon·illand), in the Marah.U Arehi. 
p<'laao, northern Pacilic Oeean; from Kruscnltcm's atlu of Ihe 
Pacific; originally lun-eyed by Capt. Hagemeilter; Kale • of an 
inch to. mile; the d~pth within tbe lagoons ill unknown. 

Fig. of _MA ULOI MA II DOO ATOLL, together ,,·jlh 1I0rshurgh atoll, in 
tha Maiwn an:hipelagu; from tlte .un-ey by Ca(l(. Monshy and 
Lieu!. Powell; _Ie. of lUI inch loa mile; the .·hite ,,_ in the 
middle of the lep&ratc .mall ~f., both 011 lite margin and in the 
middle part, are meant to relll"l!sentlittle lagoon.; but it wu found 
not pcaible to di8tinguilh them clearly from Ihe lmall illeu., ... hieh 
ba .. e ~n ronn~ on tbeH IIDlC small reers; many of the smaller 
reer.eouldnotbeintroduc~;t.henautiealmark( ...;.. )o .. crthefigure. 
2:00 .nd 200 between MllhlOi Mahdou and Honburgh atoll and 
Powell·. illand,lignilie. that soundings were not obtained at thfle 
dq»hI. 



Jo'ig. !I.-NEW C .. Ll.nO)lU, in the ""·elltern pan 01 the f'~ifie ~ from 
KnlRnstem'. MIM, compiled froln llevcral t;!,n·eyll I have.lightly 
altered the northern point of the reef,in &c«Irdaneewilhthentiu 
of the ,·o,..~ of the ~"I"'a'" 10 KI'UAtDltem'. atllll, the red i. 
represented by a lingle line with e~; I have for the sake of 
W1ifonnity IUided an interior line I _Ie. of an ineh to .. mile. 

Jo'ig. G._MuDl"" ARCHIPELAOO, in the Indian Ocean; from the Bu",ey 
\.oy Capt. More.by and Lieut. Powell; _Ie" of lin inch to a mile. 

PLATH III. 
The prineillia. onwhie" thi, tnLIp i, coloured, nre explained in the 

beginning ot Cllul,ter VI.; Ind the authoritiea for eolouring cach 
parti<;lliulpot are dctailerl in the Appendi". Thenamea printed iI, 
itaJiCI in the Indelt rder 10 the AppendiL 
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INTROOUUTION. 

TIIF. obje<:l of this \'olmnc is to describe from my own ob· 
IICn'alion and the work! of otherR, tbe Ilrincipni kinds of 
coral reefs, more especially those occurring in the open 
oceln, and to clI]l\ain the origin of their peculiar forms. I 
do not here treat of the polypifcrs, which construct these 
VMt works, ell:cept so fflr lUI relates to their distriLution. ami 
to the comlitiolll filvoul1lblc to their vigorous growth. Wilh· 
out any di~tinct intention to clD.!lI!ify cortll-rccf~. mOIl! voy­
~n bave spoken of them under tbe following beads: 
• ~n-i"land .. ' or <atolls,' 'barrier,' or' encircling reefs' and 
ffringin~' or 'abore reef",,' 'l1w IlIgoon.islnnds han! re­
ceived much the moet ancntion; and it is not surprising, 
for everyone must 00 strucK with I18tonisiJmcnt, when he 
lint bcholdJI one of the8c va8t rings of conti-rock, often many 
leaglles in dialneter, hen:: and tben:: SlinnOllntcd by a low 
'l'ertlant island with daulillg white ,horeB, bathed on the 
oll18ide by the foaming breakeTll of the ocean, and on the 
in~ide surrounding a ealm expanse of watef, which, from 
refleclion,isofa bright but pale ~n COIOUf. 'rhe naturali8t 
will feel this astouishment more dttply after having uamined 
the 10ft and almost gelatinous bodice of these apparently insig. 
nifieallt creatufCs, and when he know8 that the solid reef in­
creases only on the outer edge, which day and night is lulled 
hy the breakef"ll of an ocean never at rest. Well did Frall~i8 

" 
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Pymrd de l.aval, in Ihe year 160.5, exclaim, "C'est nne 
menleille de yoir ehaeun de ces alollons, enuironnc d'nn 
fV8nd bane de pierre lout autour, n'y ayant point d'arli· 
fice Immain." '.file accompanying sketch of Whitsunday 
bland, in the S. Pacific, taken from Capl. Beechey'~ ad. 
miraLle Voyage, altbough excellent of its kind, gives 1mt a 
faint idea oflhe singular aspect of Olle of these lagoon.islands. 

Whitsunday Island is of small size, and the whole circle has 
been converted into land, which is a comparati~cly rare 
circumstance. As the recf of a lugoon.island generally BUp· 
ports many 8cI)llfilte small i~lllmb, the word' island,' applied to 
Ihe whole, is often the cause of confusion; hellee 1 have 
invariably used in this volume the term < atoll,' which is 
the name given to these circular groUj)l of coral islets by 
their inhabitants in the Indian Ocean, and i. synonymous 
with <lagoon-island.' 

Barrier rcefs, when encircling small islands, ha\'e been 
eomparntivcly little notieeO by ,'oyagel"ll; but they well 
deS('I'\'e attention. In their structure they arc little less 
marvellous than atolls, Imd they gi,'e a singular and most 
picturesque character to the scenery of the islands they sur­
round. In the accompanying sketch, taken from the voyage 
of the Coquille, the reef is seen from within, from one of the 
high peaks of the island of Uolnbola. - I [ere, 118 in Whit_ 
8unilily island, the whole of thnt part of the reef which i8 

• ) ha .. etaken Ihelibertyof . iml'lifyinglhe fOl?gTOIllId, and leuiog 
out a mountainOUlitlNld in the fa,ootanee. 
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"isible is eom'erted into land. This is n eireumstnnee of rare 
occurrence; more usually a 8now.white line of grent brenkel"!!, 
with here and there an i.slet crowned by COCOR-Ilut tree8, 
separates the smooth waters of the lagoon-like ehrl1lucl from 
the waves of the open sea. The barrier reefs of Australia 
and of New Caledonia, owing to their enormous dimensions, 
h,we excited !lIueh attention: in structure and form they 
resemble those encircling many of the smaller islands in the 
Pacific Ocean. 

With respect to fringing, or shore reefs, there is little in 
their structure which needs ex])ianation j and their nnme 
expres8l'S their comparatively gmali extension. They dif­
fer from ba.nier-rcefs in not lying so filT from the shore, and 
in not having within a broad channel of deep water. Reefs 
also occur around submerged baLlks of sedimeLlt and of worn­
down rock; and otheI'll are BCllttered quite irregularly where 
the sea is very shallow; these in most respects arc allied to 
those of tbe fringing class, but they are of comparatively little 
interest. 

I haye given a separate ehnpter to each of the above 
classes, and have deseribed some one reef or island, on which 
I possessed most information, IIll typical j and have afterwards 
compared it with othcl"!! of a like kind. Although this clas­
sification is useful from being obvious, and from including 
most of the coral reefs existing in tlle open sea, it admits of 
II more fundamental division into barrier and atoll-fonned 
reefs on the one hand, where tllere is 1\ great apparent diffi· 

.2 
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culty with respect LO thc foundation on which thcy must first 
have grown; lind into fringing recfs on the other, whcre, 
owing to the nature of the slupe of the adjuining land, there 
is no such difficulty. The two blue tinllllllu\ the I'<'d CQlour 
on lile map (Plate Ill.) represent tllis main division, IL8 

elJllained in the beginning of the last chapter. La thc 
AppendiJ:, e,'ery existing coral reef, CJ:cept SOIllC on thc 
coast of Bratil not included in the map, is brieRy de­
ICribcd in geogrnphical order, as far as I possessed informa­
tion; lind any particular spot may be f(,lund by consulting 
the Index. 

Several thCQrics have been advanced to explain the origin 
of fIIolls or lagoon-islands, but scaI'C1.'lyone to account for 
barrier- I'C1.'fs. From the limited depths at which reef-\.mild­
ing polypifers call flourish, taken into consideration with 
certain other circumstances, we are compelletl to conclude, 
as it will be 5C1!n, that both in aL011s and bllrrier-reef3, the 
foundation on which the coral was primarily attached, im9 
silooided; and that during this downward movement, the 
reef~ have grown IlpwllroS. 'fhis conclusion, it will be fu rther 
lleen, explains most 8IItisfactorily the outline and general form 
of atolls and barrier-reer!!, amI likewise certain pcculiaritie! in 
their structure. The di8tribution, also, of the different kinds 
or CQral-rcefs, and their position with relation to the areas 
or recent elevation, lind to the points 8uhject to volcnnie 
eruIltions, fully accord \lith this theory or their origin.* 

• A brief IIccount or my vie",. on coral (onnlll;on8, now published in 
my JOI,rnai of RNeIl...,h~, wu read May 31, 1837, lotfo", the Ueological 
Society, and an abltraetb .. appt1U't'din thel'l'OCffd;np. 
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I!£Cl'IO~ PIJIST, KEEL ISO ATOLL, 

CwaU O~ IM-'" -~K' .. -Z- of ,YlIllipor __ B:tUrior _1- J,u,. 
- CorQ/~CflKi-.... I' - L"S- - Ctlk.rflOtU ttdi_l-Scari ""d 
Ifl)/u.lltu.r;.r rtdnirli"lJ .... fl)r"u--Clta"g~. ill 1M tl>rtdili .... of 1M .wI' 
""d i,ldl-l'robabh .u.hniJffl(' of 1M atl)/l-Fu.lu. .. MlaJ. of 1M I<IgOON, 

KEELI NO Qr Cocos atoll is lIituatcd ill the Indian Ocean, in 
12° 5' S. and long. 90" 55' E.: a reduced chart of it from the 
surveJ or Capt. FiuRoJ and the Officers or H.M.S. Beagle, 
ill given in Plate I. fig. 10. The greatest width of this atoll 
i. nhle miles and a hal£ I Ll structure is in most respects 
cltaraCteristie of the clus to \\'hich it belongs, with the ucep­
lion of the shallownc!!ll of the lagoon. 'rhc accompanying 
woodcut represents a vertical section, lIupposcd to be drawn 
at low waler rrom tho outer CQllSt acrou one or the low i~lcts 
(one being taken or avenge dimeosioo!) to within the lagoon. 

D ¥ i 

A_Lenl of the Ie. at low 1\'ater: where the leiter A ill placed, the 
dellthill:l'i fathotru!,andthedilitaneel'lL1hermore Ihlln J50yardJ from 
the~georlheT~f. 

JJ-O.Mr ~ge of th.t ftat (MOrt of the Iftf, which drie. .t low .... ter: 
the ~ge either eoIliilUof a «>Il"ell mound, .. re(~nl~ Or ofruggN 
point .. liketoo.ealillleflllthcTIe.1\·.rd.beneaththe .... ter. 

C_Aft.atofcoral.rock,coveredlllhigh1\'attr. 
D-A low projecting I~ge of brecciated coral· rock, waabed by the 

wavl'lllthigh water. 
J,.'-A Ilope of 10000e rragmenta, reached by th~ I('lIonl)' during glllcI' 

theuvperp&rt,,,,'hich ill from P;IC-tO t ... eln reet high,illelotbed with 
vegt'tation. ThesurfaeeortheialetgrntlylioJIet to the lagooD. 

P-Levd or the lagoon &t IOw· ... IUH. 
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The section is 1me to the senle in Il horizontJIl line, but it 
could not be made so in a "ertieal one, as the a"erage grelltellt 
height of the land is ollly between six And twelve feet above 
high-water mark. I will describe the section, commencing 
with the ouler margin. 1 mllst first obscrl'e that the reef­
building polypifcrs, not being tidal animals, require to be 
constAntly submerged or wMbcd by the breakers. I WIl/J 

83IJllrcd by )1r. Liesk, a vcry intelligent rcaidellt on these 
islands, as well as by IIOme chiefs at Tahiti (Otaheite), that an 
up06l1re to the rays of the sun for a very shoTt time inva­
rinhly cnuscs their destruction. lIenee it is possible only 
under the mOl>t favourable cireumstances, afforded by an 
unusually low tide and smooth water, to reaeh the outer 
ffiflrgin, where the coral ia alive. 1 succeeded only twice in 
gaining tbis part, and found it almost entirely composed of a 
living Porites, which forlllfl great irregularly rounded ffi&'llleS 

(like those of an Astrrea, but larger) from four to eight feet 
brood, and little IC!III in thickness. These mounds are sepa­
rated from each other by narrow crooked channels, abollt siJ: 
feet deep, most of which illterscet the line of reef at rigllt 
angles. On the furthC8t mOllnd, which I WIlIJ able to reach 
by, tbe aid o~ a leaping-pole, and over whic~ tbe aca broke 
With IIOme 1',olenee, altbough the day WAI (Imte calm and the 
tide low, the polypife ... in the uppermost cells were all dead, 
but between three and four inches lower down on its side 
they were living, and formed a projecting bonier ronnd the 
upper Ilud dead surface. The cornl being thns checked in 
ita upward growtll, extends laterally, and hence most of the 
1IIM8C~, CIIpceially those a lillie further inwards, had broad 
flat dead summita. On the other hand I could see, during 
the l"CCQil of the breakers, that Il few yards further seRWanJ, 
the whole convex surface of the Porites W IlIJ alive: so tbat 
the point where we were stJInding wu alm08' on the exact 
upward and shoreward limit of existence of those corals 
which form the ollter margin of the reef. We shall pre­
sently!ICC that there I\rc other organic productions, fitted to 
bear a somewhat longer exposure to the air and !;Ull. 
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Next, hut much inferior in importanc:c to the Porites, is 
the Afil/qJtJra romplanala.· h grows in thick vertical plates, 
intersecting each other at various angles, and forms an ex­
ceedingly Itrong honeycombed ml\S8, which generally affects 
a circular form, the marginal plates alone being alive. Be­
tween these plates nml in the protected crevices on the 
rerf, 8 multitudc of branching zoophytes nnd other pro­
ductions nourish, bllt the PoritCII and Millcpora alone seem 
able to resist the fury of the breakers on itll upper and outer 
edge: at the dcpth of a few f!ldloms other kinds of stony 
corals live. Mr. Liesk, who was intimately acquainted with 
cyery part of this reef, and likewise with that of North Keeling 
atoll, assured me that thCllC oora18 invariably oompoee the 
outer margin. The lagoon is inhabited by quite a distinct 
8Ct of corals, generally brittle and thinly branched; but a 
Poriu~", apparently of the same species with that on the out­
aide, ill found there, although it docs not seem to thrive, and 
certainly docs not attain the thousandth part in bulk of the 
lRUIIH opposed to the breakers. 

The woodcut ,heW!! the form of tho bottom off the reef: 
the water deepena for a a)J3Cc betwcen one and two hundred 
,ardaI wide, very gradually to 2.5 fathoms (A in section), be­
,ODd whieb the lides plunge into the unfathomable ocean 
at 110 aogie of 4.5°.t To the depth of ten or twelve fathoms, 
the bottom it esceedingly rugged, and seems fonned of great 
__ of living coral, similar to those on the m8J'8in. 'Inc 
arming of the lead here invariably came up quite clean, but 
deeply indented, and ehains and anchors which were lowered, 

• Thll MiJlepora, (Palmipora of Dlain"i\le,) u ",ell lUI the ~f. "lei_ 
rom'-" I~ the lingular property or Itinging the .ltin ",here it iB 
delicBte,uonthe f!LCeandann. 

t The IOlIn(\inga from which tlliB ~tion il !Iud down were taken 
>ridl pta! care by Cllpt. FittRo), himself, he IIICd II bell_lhaped lead, 
ba,·jng a diameter of four inchee, IIDd the annin,. t~h time were cut 
olfandbroughtonboanlformetoeumine. Thearm.ingi,a pre~­

ration o( tallow,l,laced in the ronaYit)' at the bottom o(tbe lead. 
Sand, and eYeD ,mall (ragmenu of rock .... ilI adhere to it; and if the 
boxtombeofrock, it brings up an uact impression ofitlliurfaee. 
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in the hopes of tearing up the eornl, were hroken. Many 
small fragments, however, of Mtlkporo QiciCfTrnU were hrought 
up; and on the arming from an eight-fathom cast, there 
Willi a perfect impreMion of an Mtrrea, apparently alive. 
1 examined the rolled fragmenll east on the beach duriug 
gales, in order further to Jl8C('rtain what corals grew outside 
tlie reer. The frngments consisted of many kinds, of 
which the l'orites already mentioued and a Madrepora, 
apparently the jl!. corymbo#l, were the most abundant. 
As 1 searched in vain in tIle hollows on tlie reef and 
in the lagoon, for a living specimen of this Madrcpore, 
I conclude that it ill confined to a tone oullide, and be­
neath the surf1\C(', wbere it must be very abundant. Frag­
menll of the Milkpora QiciCf'Jr1li6 and of an A!itrrea were 
also numerous; the fomler is found, but not in proportionate 
numbers, in the hollows on the reef; but the Astrrea I did 
not &ee living. lIenee we may infer, that these are the 
kinds of coral which form tile rugged sloping surface, ( re­
presented in the wood cut by on unevcn line) round and be­
llcath the external margin. Between 12 and 20 fathoms the 
arming came up an equal number of limes smoothed with 
811111.1, aud indellted with eOrRI; nn anchor and lead were lost 
at the respective depth!! of 13 and 16 fnthom .. Out of twenty­
five soundings, lakeD at a greater depth than 20 fathoms, el-ery 
one shewed that the bottom WII8 eOl'ercd with I18nd; wherell8 
at a IC811 depth than 12 fathoms, el'cry BOunding shewed 
that it was cseeedingly rogged, and free froln all eslranconll 
particles. Two 8Ounding~ were obtained at the depth of 360 
fathoms, and several hetween 200 and 300 fathoms. The 
8IIud brought up from tbese depths consisted of fincly tri­
turated fragmellts of stouy ~oophyte8, but not, as far as I 
eoul(1 distinguish, of a particle of any lamelliform genus: 
fragmcntl of allells were rate_ 

At a distance of 2~00 yards from the breakers, Captain 
FiuRoy found no bottom with II line 7200 feet in length; 
henee the submarine !!.lope of this coral formation is steeper 
than that of any volcanic cone. Off the mouth of the lagoon, 
and likewise off the northern point of the 110011, where the 
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currenUl act violently, the inclination, owiug to the accumu­
lation of 5e<Iiment, ia less. All: the arming of the lead from 
all the greater delllhs showed a smooth Andy bottom, I at 
first concluded that the whole consisted of a Vll81 conical 
IJile of CnlCtlI'tlOllS sand, but the sudden inerease of depth at 
!lOme points, lind the circumstance of the line hllving been 
cnt, us if rubbed, when between 600 nnd 600 fathoms 
were onl, irulicate the probable existence of submarine 
cliffs. 

On the margin of the reef, close within the line where 
the upper surface of the Porites and of the Millepora 
is dead, three species of Nullipora flourish. One grows 
in thin sheeLa, like a lichen Oil old tfC(!S; the second 
in stony knobs, 118 thick 8S a man's finger, radiating from 
II COOlmon centre; lIod the third, whieh it less common, 
in a mOllS· like reticulation of thin, but perfectly rigid 
branches.- 'rhe three speeie~ occur either separatcly Of 
mingled together; and they form by their successive growth 
n Illler two or three feet ill thickness, which in some cases is 
hard, hut where formed of the lichen-like kind, readily yields 
an implX'ssion to the hammer: the inrrace is of a reddish 
colour. These Nulliporre, although aule to exist above the 
limit of true CQrals, seem to require 10 be bathed during the 
greater part of eacb tide by breaking water, for they are not 
found in any abundance in tbe protected hollows on the back 
part of the reef, where they might be immersed either 
during the whole or an equal Prol)oftionailime of each tide. 
It i! remarkable that orgallic productions of 8uch el.:treme sun­
plieity, for the Nul1iporre ulldoubtedly belong to olle of the 
loweBt cluSBCs of the vegetable kingdom, should be limited 
to It. ~one so peculiarly circnm8tnllccd. Hence the layer 
colllj)Oscd by their growth, merely frillgcs the reef for a 

• Tllia lUI apecic. i, or" beautirulloright peaeh·loloaom colour" Ir. 
bT1UlcbCl an al.oout U tbick U cro"'-quillil Ihey are llightly ftatlened 
Iud knolol.oed at the extnmitiea. The extrt'miliClOlllyareali ... eand 
brightly ooioort'd. The tll"O other IpedulTe or a din)' purplish white. 
The _d Ipecie. is n!nmel)' haldl ir. Ihon kuob-like bT1UlchCl are 
cylilldrinl,aod do DOl grow lhickefst thcirntrclllitic.. 
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space of about 20 yards in width, either IUldcr the form of 
!leparatc mammillated projections. where the outer masses of 
coral arc separate, or nlorc commonly, where the corals 
are united into a solid margin, as a cOlltillUOU~ smoolu conVCl: 

mound, (B in wood-(:ut,) like an artificial breakwater. Both 
the mound 111111 mammillated projections stand nbont three 
feel higher than any other part of the reef, by which term I 
do not include the islets, formed by the accmllulation of rolled 
fragments. We shall hereafter sec that other coml reefs are 
protcetcd by a similar thick growth of NuUiporre on the 
outer margin, the part most uposcd to the breakers, and 
this must effectually aid in preserving it from being worn 
down. 

The wood-cut represents II section across one of the islets 
on the reef, but if all that part which is aoo\'c the level of C 
were remo\'cd, tllC section would be that of the simple reef, 
as it OCCUf3 where no islet bas been formed. It is this reef 
which essentially forms thc atoll. It is 1\ ring, cnclosing the 
lagoon on all sides cxccpt at thc northern cud, where there 
nrc two open spaces, through onc of which ships can cntcr. 
'rhe rccf vuries in width from 250 to 500 yards j its surface 
is level, or very slightly inclined towards the lagoon, and a.t 
higlHidc the sea breaks entirely over it: the water at low 
tidc thrown by the hrcakcf3 on the reer, is carried by thc 
ruany narrow and shoal gullies or channels on its surface, 
into the lagoon: a return stream !lets out of the lagoon 
throul!;h the main entrancc. The most frequcnt coral it. 
thc hollows on thc reef is Pocill()pora verruC()Sa, which grows 
in short sinuous plntcs, or branches, and when alivc is of 
a benutiful pale lake~red: a Madrepora, closely allied or 
idcntical with M. pocillifcra is also common. As soon as an 
islet is formed, and the wa"es are prevented breaking entirely 
over the reef, the channels ami hollows in it become filled 
up with cemented fragments, and its surface is converted 
into II hanl smooth floor, (C of wood-.eut), like an artificial 
one of freestone. This flat surface varies in width from 
100 to 200, or e,'cn 300 yards, and is strewed with a 
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few large fragments of coral tom up during gales: it is 
uncovered only at low water. I could wilO difficulty, and 
only by the aid of a chisel, procure chips of rock from 
its surface, and therefore could not ascertain how much of it 
is formed by the aggregation of detritus, and how much by 
the outward growth of mounds of corals, similar to those now 
living on the margin. Nothing can be more singular than 
the appearance at low-tide of this' flat' of naked stone, espe­
cially where it is externally bounded by the smooth convex 
mound of Nulliporre, appearing like a breakwater built to 
resist the waves, which arc constantly throwing over it sheets 
of foaming water The characteristic appearance of this 
• flllt' is shown in !be fore~ing wood-cut of Whitsunday 
Atoll. 

The islets on the reef arc first formed betweeD 200 
and 300 yards from ita oDter ellge, through the Ill.'CU­

mulation of a pile of fragmeDts, thrown togNher hy some 
unusually strong gale. Their ordinary width is under II 

quarter of II mile, and their length varies from a few yards to 
several miles. Those on the S.E. and windwlU'd side of the 
atoll, increase solely by tbe addition of fragmcDta on their 
outer side; hence the loose blocks of coral, of which their 
surface is composed, lIS well as the shells mingled with them, 
almost exciusi\'ciy consist of those k inds wllich live on the 
olitcr coast. The highest part of the isleta (excepting hil­
locks of blown sand, some of which arc 30 feet high), is 
close to the outer beach (E of the wood-cut) and averages 
from six to ten feet above ordinary high-water mark. from 
the outer beach the surface slopes gently to the shores of the 
lagoon, which no doubt hIlS been eaused by the breakers, 
the further they have rolled over the reef, having had 
less power to throw up fragmcnta. 'fhe little waves of 
the lagoon heap up sand and fragmenta of thinly-hranched 
corals on the inner Bide of the islets on the leeward 
side of the atoll; and tllCse islets are broader than those 
to windward, some being even 800 yarda in width; hut 
the land thus added is very low. The fragments be-
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neath the surfacc arc cemented into a solid mass, which 
is exposed as a leuge (D of the wood-cut). projecting 
SOUle yards in {rout of the outer shore. and from two 
to fOliT feet high. This ledge is just reached by tlll~ 

W8YCS at ordinary high-water: it extends in front of all the 
islets, and everywhere has a water-worn and scooped appear­
ance. The fragments of coral which are occasional!y cast 011 

the' flat' arc during galcs of unusual violence swept together 
on the beach, where the W8\' CS each day at high-water tend 
to remove and gradually wear them down j but the lower 
fragments having become firmly cemented together by the 
penxolation of calcareous malter, resist the daily tides longer, 
and hence project as a ledge. The ccm('ntcd mass is gene­
rally of a white coluur, hut in some few parts reddish frolll 
ferruginous matter: it is very haN, and is sonorous under 
tlle hammer: it is obscurely divided by seams, dipping at a 
slDali angle seaward: it consists of fragments of the corals 
which grow on the outer margin, some quite and others 
partially rounded, some small and othen; between two and 
three feet across; lind of mllllses of IlfCviously-formed con­
glomerate, torn up, rounded, and re-eemented: or it eonsist8 
of a calcareous sandstone, entirely composed of rounded par­
ticles, geuerally almost blended together, of shells, corals. 
the spines of cehini. and other such organic bodies ;-rod.s. 
of this latter kind. occur on many shores. where there are 
110 coral-reefs. The structure of the coral in the conglo­
merate hal:l generally been much obscured by tbe infiltration 
of spathosc calcareous matter; and I collected a very inter_ 
esting series, beginning with fragment8 of unaltered coral, 
and ending with others, where it WIiS impossible to diSCQ"cr 
wirh the naked eye any trace of orgauie structure_ In some 
sp('eimens I was unable. even with the aid of a lens, and by 
wetting them, to distinguish the boundaries of the altered 
coral and spathose limeslone. Many evC'n of the blocks of 
coral lying loose on the beach, had their central parts altered 
lind infiltrated. 

The lagoon alone relDains to be de5Cribed; it is much 
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.llnllower than that of most Moill of oonsidcllllJle aize. The 
lOuthern part ill almost lilled up with banks of muo and fields 
of coral, both dead and a!i\'c; but there nrc considerable 
spaces, betweell three and four fathoms, and SOllllh.'r basins 
from eight to ten fathoms UCi!p. Probably about half ita 
area consis18 of sediment, and hair of roral-rcefs. The 
coraIa composing these reefs ha\'c a "cry different aspect from 
those on the outside; they arc vcry numerous in kind, and 
most of them fire thinly branched. Mcamlrina. however, 
lin!, in the lagoon, and great rounded masses of Ihis coral 
arc numerous, lying quite or almost loose on tIle bonom. 
'l'he other commonest kinds consist of three closely allied 
lpci::iCll of true Madrcpora in thin branches; of &riata­
pora ,u/Juiaia; two speciCli of Porites· with cylindric"l 
branches, one of which formll circular clump., widJ the ex­
terior branches only ali I'e ; lind lastly, a coral something 
like an Explanaria, but with stan on both surfaCCll, growing 
in thill, brittle, stony, foliaceous eJ:pansions, especially in the 
deeper basins of the lagoon. The reefil on which these 
cOrllls grow arc very irregular in form, arc full of cal·itiell, 
and have not a solid flat surface of dead rock, like that 
lurrouuding the lagoon; nor call they be lIearly so hard, 
for the inhabitanta made with erowbanl a channel of con-
8iderable length through these reefs, in which a schooner, 
built on the S. E. islet WWl fioated out. II is a very interest­
ing eireumstunee, pointed out to us by Mr. Licsk, that this 
channel, although made leM than ten years before our visit, 
was then, WI we saw, almost choked up with living coral, so 
that fresh excavations would be absolutely necessary to allow 
another vC8Sfl1 to pal!!! through it. 

'fhe 5Cdilllent from the deepest parta in the lagoon, 
when wet, appeared chalky, but when dry, like very fine 

• ThU: Ponte. hM ,.,}lnc..-hat the habil or P. ~,.' .. but the 
branehea a~ not ItnobhM al their eod-. WMn alin it ill of a yellow 
eolour, but alte r hal-iog been wuhed in fre.h .... ·ater IUId 1.1a..:~ to dry, 
ajet·bl&Cltllimy.ubi;laneees.udedrromtheenli~.urrllet,1O that the 
IJ.edmCll nowappeal1 uifil had been dipped in ink. 
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Band. Large 80ft banks of similar, but even finer graine<\ 
mud, occur on the S. E. shore of the lagoon, affording a 
thick growth of a Fucus, on which turtle feed; this mud, al­
tbough discoloured by vegetable matter, appears from its 
ent.ire solution in acids to be purely calcareous. I have 
seen in the Muscum of the Geological Society, a similar 
but more I'<'markablc substance, brought by Lieut. Nelson 
from the reefs of Rcrmudn, which, when shewn to several 
experienced geologists, WIUi mistaken by them for true 
chalk. On the outsiJe of tbe reef much sediment must 
be formed by the action of the surf on the rolled fcpg­
mcnts of coral; but, in tIle calm waters of the lagoon, this 
can take place only in a small degree. There arc, however, 
other and unexpected agents at work here; large shoals 
of two species of Scams, ooe iohabitiog the surf outside the 
reef and the other the lagoon, !ubsist entirely, as I was 
assured by :Mr. Liesk the intelligent resident before referred 
to, by browsing ou die living polypifet!:l. I ol>cncd several 
of tJlese fish, which are very numerous and of considerable 
size, and I found their intestines distended by smllll picces 
of coral, and finely ground calcarcoUli matter. This mnst 
daily pass from them as the finest sediment; much also must 
be produced by the infinitely numerous vermifonn and mol· 
lllscolls animals, which make cavities in almost every block 
of coral. Dr. J. Allan of Forres, who has enjoyed the 
hest means of observation, informs me in a letter, that the 
Holuthurim (a family of Radiata), subsist on living coral j 
amI the singular structure of bone within the anterior ex· 
tremity of their bodies, certainly appears well adapted for 
this purpose. The number of the species of Holuthuriu, au(\ 
of the individuals which swarm on every part of these 
coral~reefs, is extraonliuarily great; and many shipooloads arc 
annually freighted, as is well known, for China with the tre~ 

pang. which is a species of this genus. The amount of coral 
yearly consumed, and ground down into the finest mnd, by 
these severnl creatures, and probably by many other kinds, 
must be immense. 'I'hese fllcts are, however, of more im· 
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portanC(' in aoother point of view, RI ahowing us that Ihere 
are living ehecks 10 tbe growth of coral-ree&, and that tile 
almost univer/l8l law of' consume and be consumoo,' bolds 
good even with the polypifel1l fonning those mlUl8ive bul­
warks, which Arc able to withstand tbe foree of Ihe open 
ocean, 

Considering that Keeling atoll, like other coral formations, 
hall been entirely formed by the growth or organic beings, 
and the aceumullltion or their detritus, one is naturnlly led to 
enquire, how long it hall colllinued, and how long it is likely 
to continue, in its prellCnt state. Mr. Lcisr. inrormed me 
that he had seen an old chart in which the present long 
island on the aE. aide was divided by flCveral channels into 
all many isleta ; and he II!l&IreII me that the channels can still 
be distinguished by tbe smaller size of the trees on them. 
On 8Cvcl'1l1 islets. algo, I obool"\'oo that only young eocoa-nllt 
trees were growing on the extremitiCfl; and tl13t older and 
taller treel rose in regular lIuccession behind them; which 
showa thAt these islets hAve very lntely increnscd in length. 
In the IIJlper lind 5I)uth.eru;tern pllft or the lagoon, I Wall 
much 8urprised by finding an irregular field of at lellst II mile 
&c)unre or brancbing corals, still upright, bill elltirely dead. 
They consisted or the specics alrclldy mentioned; they were 
or a brown COIOUf, and 80 rottcn, that in tfJing to atand on 
them, I sallk hair way up the leg, ., if through decayed 
brus.hwood. The tops of the bmnchet were barely covered by 
wllter lit the time or lowe!it tide, Several facts having led 
me to disbelieve in any elevation or the whole atoll, I was at 
first unable to imagine what caUBe oollid have killed 110 large 
a field or coTal. Upon reflection, howevcr, it nppenrcd to 
me that the closing up of Ihe above mentioned channels 
would be a ' lIfficient cause; for before thiB, II. BtrOng breeze by 
forcing wnter through them into the head or the 111[1;0011, 
would tend to raise its level. But IIOW thi. cannot happeo, 
and the inhabitants observc that the tide rises to a 1Kl! 
height, during a high S.E. wind, at the head than at tile 
mouth or the lagoon. The corals, which, under the former 
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condition of tllings, had attained the ntmost possible limit of 
upw!ln! growth, would thus occasiomll1y he exposed for 11 
short time to the suu, and be killed. 

Besides the increase of dry land, indicl\tcd by the forc· 
going facts, the exterior solid reef appears to ual'c grown 
outward3. Ou the western side of the atoll, the 'ilat' lying 
between the margin of the reef and the beach, is very wide: 
and in front of the regular beach with itl! conglomerate bas.is, 
tllcrc 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 SI)my at high water. It is evident some 
change hIlS taken place since the waves formed the inner 
beach: that they formerly beat against it with vio\cn(.>(l 
was evident, from a Tl'markably thick and water.worn point 
of conglomeratc at onc spot, now protccted by vcgctation 
and a bank of sand; that they beat against it in the same 
peculiar manner in whi~h the swcll from windward nowob­
liquely curls round the margin of the reef, was evident from 
the eonglomeratc baving bcen worn into a poiut projecting 
from the beach in a similarly obliquc manncr. This rctreat 
in the line of action of the brcakcrs might result, eithel from 
the surfiLec of thc reef ill front of the islcts baving hecn 
submerged at one time, and afterward having grown upwards, 
or from the mounds of coral on the margin lLR\'ing continued 
to grow outwards. That an outward growth of this part is in 
process, can hardly be doubted from the fact already men­
tioned of thc mounds of P orites with their summits appa­
rently lately killed, and their sides only threc or four inches 
lower down thickened by a fresh layer of Ii-'ing coral. l~ut 

there is a difficulty on tbis supposition which 1 must not pass 
over. If thc whole, or II largc part of the • fiat,' had becn 
formed by the outward growth of the margin, each suceessivc 
margin would naturally havc been coatcd by the Nul!iponc. 
and so much of the surface would have been of equal 
height with the existing zonc of living Nulliporre: this is 
not the case, as may be seen in the wood-eut. It is, howe,·er, 
evident from the abraded state of the' flat,' with its original 

I W Ii< f rw in nli 
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inequalities filled UI), that its surface has bcc!n milch modified; 
and it is poe;sible toot the hinder portions of tbe zone of Nnlli­
p<lIW, perishing as the reef groWl outwards, might be worn dOllu 
by t1u~ surf. If this has not taken pi&«, the reef can in no 
part hal'e increased outwards in breadth since its formation, 
or at lelUltsinee the Nulliporre formed the convex mound on 
its margin; for the zone thus formed. and Wllich stands be­
tween two and three feet above the other parts of tlle reef, is 
nowhere much above twenty yards in width. 

Thus far we hal'e considered fllCUI, which indicate, with 
more or I~ probability, the increase of the atoll in ill 
different parts: there are othen having an opposite tendency. 
On the S.£. Jide, Lieut. Bulivan, to whose kindness I am 
indebted for many interesting obserl'ations, found the con­
glomerate projecting on the r~f nearly finy yards in front of 
the beach: we may infer from what we IC.'e in "II other parll 
of the atoll, that the conglomerate wa.s not originally !;O Inueh 
eKpoSCd but formed the bll!JC of an islet, the front and upper 
part of wllich has since been swept away. The degree to 
which the conglomerate, round nearly the whole atoll, 1m!! 
heen lICoopcd, broken up and the fragrnrllts cast on the beach, 
is certainly ,'ery surprising, el'en on the view thnt it is the 
office of occasional gales to pile nl) fragments, and of the 
daily tides to wear them away. On the westem side, also. 
of the atoll, where I ha\'e described a bed of sand and 
f'agmenlJl with trees growing out of it, in front of an old 
beach, it Itruck botb Lieut. Sulivln aud myself, from the 
manner in whieb tbe tr~s were being washed down, that the 
l urf had lately recommenced an aURCk on thia line of coast. 
Appearances indicating a slight encroachment of the water on 
the land, arc plainer within the lagoon: llioticcd in sc"eral 
places, Uoth on its windward and leeward .hore~, old eOCQa­
nut trees fillling witll their roots undermined, nud tbe rotten 
stnmpe of otben on the beach, where the inhabitants assured 
us the cocoa_nut could not now grow. Capt. fitzRoy pointed 
out to me, ncar the settlement, the foundation posts of 8 

sbed, now wl\5hcd by eyery tide, hut whieh tbe inhabitant. 
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stateu, had SC\'cn yellrs before stood above high walcf~mark. 
In the calm waters of the lagoon, directly connected with II 
great, and therefore stable ocean, it seems very improbable 
tbat II change in the currents, sufficiently great to cause the 
water to cat into the land on all sides, should have takcn 
place within a limited period. From these considerations I 
inferred. that probably the atoll had lately subsided to II 

small amount j and this inference was strengthened by the 
circumstance, that in 1834, two years before our "isit, the 
island had been shaken by II severe earthquake, and by two 
slighter ones during the ten previous yean!. If, during these 
subterranean disturbances, tile atoll did subside, the down­
ward movement must have been very small, as we must con­
clude from the fields of dead coral still lipping t1lC sun:«:e of 
the lagoon, and from the breakers on the western shore not 
hM'ing yet regained the tine of their former action. The 
subsidence must, also, have been preceded by a long period 
of rest, during which the islets extended to their present size, 
and the living margin of the reef grew either upwards, or 119 

I believe outwards, to its present dilltanee from the beach. 
Whether this view he correct or not, the above facts arc 

worthy of attention, as showing how severe a struggle is in 
progress on these low coral·fonnations between the two nicely 
balanced powers of land and water. With respect to the 
future state of Keeling atoll, if left undisturbed, we can see 
that the islets may ~till extend in length; but 119 they cannot 
resist the sun until broken by rolling over a wide sp:«:e, their 
increase in breadth must depend on the incrcll9ing breadth 
of the reef; and this must be limited by the steepness of the 
submarine flauks, which can be added 10 only by sediment 
derived from the wear and tear of the coral. From the rapid 
growth 01 tbe corat in the channel cut for the schooner, and 
from the several agents at work in producing fine sediment, 
it might be thought that the lagoon would necessarily become 
quickly filled up. &Ime of this sediment, however, is trans· 
ported into the open sea, as appears from the soundings off 
the mouth of the lagoon, instead of being deposited within it. 

I W rk f I ~ rwin ni 
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The depositi')Il, moreOI'er, of sediment, checks the growth of 
coral reefs, so that these two agencies cannot act together 
witll full effect in filling it up. We know so little of the 
habits of tIle lOany different species of corals, which form the 
lagoon-reefs, that we have no more reason for supposing tllat 
their whole surface would grow up 85 quickly as the coral 
did in the schooner-channel, than for ~upposing that the 
whole surfilce of a peat-mOSl! would incr('1lSC 85 quickly 85 
parts arc known to do in holes, where the peat bas been cnt 
away. These agencies, nevertheless, tend to fill up the 
lagoon; but in proportion as it becomes shallower, so must 
the polypifen! be subject to many injurious agencies, such RII 

impure water and loss of food. For instanc(', Mr. Liesk 
informed me, that some years before our "jail unusually 
heavy rain killed nearly all the fish ill the lagoon, and 
probably the same calise would likewise injure the corals. 
The reefs al80, it must be remembered, cannot possibly rise 
above the level of the lowest spring-tille, 80 that the final 
conversion of the lagoon into land must be due to th(' accu­
mulation of sediment; and in the midst of the e1cnr water of 
the ocean, and with no surrounding high land, this proc('SIl 
JOWit be exceedingly slow. 

Gt1lNfIll_ 'ilia ,i.e 01 litO/II, lI~ir rHf' lllIa ..,1t1_E;x:I""aJ,/~ 
ZONt 01 NoJ./il""'>Y!-Congw--au-Deplh 0llogOOft6-Std .. """,,­
Ret I' w.bmerged ,doll!! or .... pdrl-}J,..,,,ch4, .... u.~ Nltl-Ltdg#-

10rtM4 ,hot« rowml ur/~'''' /agO<1lU-CONcn'li<M olidgOOft6 imo /dM. 

I WILL here give a sketch of the general form and structure 
of the many atolls and atoll-formed reefs which occur in the 
Pacific and Indian oceans, comparing them with Keeling 
atoll. 'fhe Maldiva atolls and the Great Chagos Bank differ 
in 80 many respects, that I shall devote to them, besidCl!l 
occasional reference;. a third section of this chapter. Keeling 

c 2 
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atoll may he considered as of moocmte dimensions and of 
regular form. Of the thirty.two islands surveyed by Capt. 
Beechey in thc Low Archipelago, the longest was found to 
be thirty miles, and the shortest less than a mile; hut 
Vliegcll atoll, situated in another part of the samc group, 
appears to be sixty miles long and twenty hroad. j\iost of 
thc atolls in this group are of an elongated form; thus 
Bow IsltUHl is thirty miles in length, and on an average 
only six in width (Sec Fig. 4, Plate I.). and Clermont 'fon­
nere has nearly the same prol)()rtions. In the Marshall 
Archipelago (the Ralick and Radack group of Kotzebue) 
several of the atolls are more than thirty miles in lcngtll, aud 
Rimsky Korsacoff is fifty_four long, and twenty wide at the 
broadest part of its irregular outline. Most of the atolls in 
the Maldiva Archipelago arc of great size, onc of tbem 
(which, however, bears a double name) mcasured in a mcdial 
and slightly curved line, is no IcSll tban cighty-eight geogra· 
pbieal miles long, its greatest width being undcr twenty, and its 
lCll8t only nine-and-a-half miles. Some atolls havc spurs 
projccting from them; and in the Manhall group there are 
atolls united togethcr by lincar rcefs, for instance Mcnchioff 
Island. (See Fig. 3. Plate n.) which is sixty miles in length, 
and consists of three loops tied togethcr. In far the greater 
number of cases an atoll consists of a simplc elongated ring, 
with its outline moderately regular. 

The ayeragc width of the annular rcef may be taken at 
about a quarter of a mile. Capt. Beeehcy· says that in the 
atolls of the Low Archipelago it exceedcd in no instance half 
a mile. Thc description given of the structure and propor­
tional dimcn~ions of the reef and islcts of Keeling atoll, ap­
peRr!l to apply perfectly to nearly all the atolls in thc Pacific 
and Indian oceans. The islets arc fint fonned some way 
back either on the projecting points of the reef, especially if 
its form be angular, or on the sides of the main entrance~ 
into the lagoon-that is in both cases, 011 points wht're the 
breakers can act during gales of wind ill somewhat different 

• Derchey" Voyage to the Paeificand Becring', Straits, chap. viii. 
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direction" 80 that the matter thrown up from onc side 
may accumulate against that before thrown lip from another. 
In Lutkc's chart of the Caroline atolls, we sec many 
instances of the former case; lind the occurrence of islets, 
as if placed for beac<lns, on the poiuts where there is a 
gateway or breach tluollgh the reef, has been noticed 
by several authors. 'l'herc are SOffie atoll-formed reefs, 
rising to the surface of the Bea and partly dry at low 
water, on which from some cause islets have never been 
forml."d; and there arc others, on which they have been 
formed, but have subsequently been worn away. In atolls 
of smnll dimensions the islets frequently become united 
into a single horse-shoc or ring-formed strip; but Diego 
Garcia, although an atoll of considerable size, being tlair­
teen miles and a balf in length, has its lagoon entirely 
lIurrounded, except at the northern end, by a. belt of 
land, on an average a third of a. mile in width. To 
show how small the total area of the annular reef and the 
land is in islands of this class, I may quote a remark from the 
voyage of Lutke, n!Lmely, that if the forty. three rings, or 
atolls, in the Caroline Archipelago, were put one within 
another, and over a steeple in the centre of St. Petersburg, 
the wllole would not cover that city and its suburbs. 

The form of the bottom off Keeling atoll, which gradually 
slopes to about twenty fathoms at the distance ofbctween one 
and two hundred yanh from tile edge of the reef, and then 
plunges at an angle of 450 into unfnthomable depths, is ex­
actly the same- with that of the sections of the atolls in the 
Low Archipelago given by Capt. Beechey. The uature. 
however, of the bottom &eijms to differ, for this offieerf inforlllS 

• The form of the bottom round the Manhall atoll, in the Nonhero 
Pacific is probft.bly ~imilar, Kotzebue (Fint Voyage, wI. ii'I). 16.) 
&8Y_, "We had at II smllll distance (rom the reef, forty (atholIl/j dq,th, 
which increased 8 little further 50 mueh that we could lind no bottom." 

t I must be permitted to expff!l8 my obligation to Captain Beechey, 
for the very kind manner in which he has given me information on 
ICvcralpoints,andtoo\\·llthegrealassiit.ancelhavederiycdfromhis 
e1eelientl'ubli~hMwork. 
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me that all the soundings, even the deepest, were Oil coral, but 
he docs not know whether dead or alive. 'fhe slope round 
Chri~tmas atoll, (Lat. 10 4' N., 157 0 45' W.) described by 
Cook,. is considerably less; at about half a mile from the 
edge of the> reef, the average depth was about fourteen fathoms 
Oil a fiue 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 
lagoon, has illcrcascd in onc part to the extraordinary width 
of three miles: it is formed of successive ridges of broken 
sheila and corals, like those 011 the beach. I know of no 
olber instance of such width in the reef of 8n atoll; but Mr. F. 
D. Dennett infurms rue that the inclination of the bottom 
round Caroline Iltoll in the Pacific, is like that off' Christmas 
island, very gentle. Off' the> Maldi,'a and Chng06 atolls, the 
iuclination is much more abnlpt j thus at Heawandoo Pholo, 
Lieut. Powell t found 50 and 60 fathoms close 10 the edge 
of the reef, and at 300 yards distance there was no 
bottom wilh a 300 yard line. Capt. Moresby informs me, 
that at 100 f.'1thoms from the mouth of the lagoon of 
Diego Gareia, he fouml no hattom with 150 fathoms: this 
is the more remarkable, as the slope is generally less abrupt 
in front of chanuels through a reef, owing to the accumu­
lation of !!Cdiment. 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 
haltom was obtained, as I am informed by Capt. Moresby, 
with a line of two hundred fathoms I The currents run 
with great force round these atolls, and where they arc 
itrongest, the inclination appeal'll to be most abrupt. 1 filii 

informed by the same authority, that wherever soundings 
were obtained off' tllese islands, the Uottom WIIS invariably 
sandy: nor was there any reason to suspect the existence 

.. CooK'lThird Voyage,\·ol.ii."hap. IO. 
t This fact iB taken from a MS. account or thelle group3 lent me by 

Cftpt. Moresby. See 01110 Capt. MoresbY"I)Sper OIl the Maldiva atolla 
in IheGeogl<ll'llicalJournal,vol. v.p. 401. 
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of submarine cliffs, lIS there was at Keeling Island.· Here 
then occurs a difficulty;-can sand accumulate on a slope, 
which, in some cases, appears to exceed fifty-five degrees? 
It must be observed, that I speak of slopes where soundings 
were obtained, and not of such cases, as that of Cardoo, 
where the nature of the bottom is unknown, and where 
it!! inclination must be nearly vertical. M. tHe de Beau­
mont t hM argued, and there is no higher authority on 
this subject, from tile inclination at which snow slides down 
in avalanches, that a bed of saud or mud cannot be 
formed at a greater angle than tllirty degrees. Considering 
the number of soundings on sand, obtained round the Mal­
diva and Chagoe atolls, which appear to indicate a greater 
angle, and the ntreme abruptness of the sand-banks in the 
West Indies as will be mentioned in the Appendix, I must 
conclude that the adhcsive property of wet sand counter­
acts it!! graloity, i,~ a much greater ratio than has been 
allowed for by M. Elie de Beaumont. From the facility with 
which calcareous sand becomes agglutinated, it is not neccs­
sary to suppose that tbe bed of loose sand is thick. 

Capt. Beecbey has obscrved, that the submarine slope is 
much !eSlj at the extremities of the more elongated atolls in 
the Low Archipelago, than at their sides; in speaking of 
Ducic's Island. he says: the bnttress, as it may be elli!ed, 
which "has the most powerful enemy (lhe S.W. swell) 
to opposc, iB carried out much further, and with lCSII Ilbrupt­
ness, than tbe other." In some cases, the leS3 inclination 
of 1\ certain part of the extcrnal slope, for instance of the 

• Offwme of the ishmds in the Low Archipelago the bottom appeal"ll 
todCAceIld by ledges. Off Eli9beth Island, which, however, oonsill.$ 
ofr"isedooml,Capt. BeeellcY(}l.45,quartoed.)describeathreeledgt'tl: 

• the first had. an eMY slope from the be~h to " di5tane<l of soout fifty 
yards; the llecond extended two hundred yards with twenty.live fathoms 
on it, and then ended Ilbruptly, like the lil"llt; and immediately beyond 
this them wM no bottom with t,,·o hundred f"thoms. 

t M~moirea pour llervir;\ one description Gwlog. de France, tome iy. 
p.216. 

t Ileechey'l \'oyage,4toed.p.44. 
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northern extremities of the two Keeling I\toll~, is caused by 
n prevailing cnrrent which there accumulates II hed of sand. 
Where the water is perfectly tranquil, as within a lagoon, 
the reefs gcncrnlly grow up pcrpcIlIlicularly, and sometimes 
c\'cn o"l'rhang their bases; (Ill the other hand, on the leeward 
mde of Mauritius, where the water is gcncmlly tranquil 
although not invariably so, the reef is vcry gently inclined. 
Helice it appears that the exterior nnglr vuriC!! much; 
nevertheless, in the close similarity in form between the 
sections of Keeling atull and of the atolls in the Low Archi­
pelago, i.n the general steepness of the reefs of the Maldiva 
lind Chagos atolls, lind in the perpendicularity of those rising 
out of water always tranquil, we may discern the effects of 
uniform laws; but from the complex netion of the surf nml 
currents, on the growing powers of the coral and un tbe 
dt'position of sediment, we call by no llleans follow out 
all the results. 

Where islets have been formed on the reef, that part which 
I have sometimes eaUed the 'flat,' and wiJieh is partly dry 
lit low waU>r, appears similar in e\'ery atoll. In the Marsha\( 
group in the N. Pacific, it may be inferred from Chamisso's 
description, that the rC<'f, where islets have not been formed on 
it, slopes gently from the external margin to the shores of the 
lagoon; Flinders states that the Australian barrier has n similar 
inclination inwards, and I lUlYe no dOllbt it is of general 
occurrence, although, according to Ehrenberg, thc reefs of 
the Red Sea ofi't'r an e:(ception. Chamisso obsen'es that 
"the red colour of the reef(nt the Marshall atolls) under the 
breakers is caused by a Nul!ipora, which eO\'ers the stone 
whert!Vu the 1C/tVe8 beat; and, under favourable circumstances, 
assumes a stalactitical (orm,"-a dcscription perfectlyappli_ 
cable to the margin of Keeling atoll.- Although Chamisso 

.}\Qlubue'l Fi~t Voyage, vol. iii. p. 142. Near Porto Praya, in the 
Cape de Vnd I~1=d8, lome lotuahic rocks, lashed Ly no illron.ideraLle 
lurf,wereromplclcly cnvcloped .. ,iU, a layer of NuIliIJOr3. Theenlire 
.urfaceoverffla"ysqU'·,reinchc8,wuro\ouredofa pt"6Ch-blossomred; 
the iayer, however, wWl of Il(l great£r thickness than paper. Another 



" 
• Jocs not stale that the masse. of Nulliporre forID points or II 

mound, higher than the flnt, yet I believe that thil in the case; 
for KOI~cbuc.. ill another part, speaks of the rocks on the 
edge of the reef ., IJ.II visible for aoout two fee l nt low water," 
and these rocks we may feci quite certain lire 1I0t fonned of 
true coraLt Whether a Imooth oom'CJ[ mound of Nulliporre, 
like that which .ppears B8 if artificially constructed to pW"" 
Icct the margin of Keeling Island, is of freflueDt occur­
rence round atoll", I know not j but we shall pre&enlly met't 
wilh ii, under precisely the /IIImc foml, on the outer edge of 
tbe 'oorrier rcelll' which encircle the Society Islands. 

There appcnnl to be scarcely II fellture in tbe structure 
of Keeling reer, which is not of common, if lIot of universal 
occurrence, in other atolls. Thus Chamisso dcscribest II layer 
of coarse conglomcratc. outside thc islets round thc MarshaU 
atolls. which «appears on its upper surface unC\'en and eaten 
away." From drawings, with appended rcmarks. of Diego 
Garcia in thc Chngos group and of sc\'cfal of the Maldh'a 
atolls. shown me by Captain Moresby§. it is cvidcnt that 
thci r outer eoasts are subject to the same round of dccay and 
renovation as those of Keeling atoll. From the descrip­
tion of the atolls in the Low Archipelago. given in Capt. 

kind, in the fonn of projecting knoboi, gre .... in the lalae PlUation. 
The.e Nullipor2 are dDKly related 10 ttw- described on the coral­
reer.,butlbelieveareofdill"erenllpeci!:l . 

• Kottebue'l }'ifllt Voyage, vol. ii. p. 16, L ieut. Nelwn in hil 
eXCf;lIcnt memoir in the Geological Trall8llCliolU, (~01.1i p. IO!I.)alludH 
to the rocky poinu Dlcntioned by KotulJue, and infefll that they cOlUilt 
of Serpulee, .... hich eompote inerualing mOl&SH on Ihe reera of Dennodas, 
.. they likewil5e do on. landltone bar oft" lhe eoul o{Druil, (which I 
bllve dC'kribffl in London Pbil. loom. Oct 1841). These masse. of 
Serpul,. hold thellWlevo-ition, rclali .. ely to the lICtion ofthcua, with 
the Nullipo"'" On the eol'lll·~r. in the Indian 80nd l)aciRe Oceanl. 

t Capt. Morab,., in hill nltl"nble p!lpe ... on the Northern Atolll of 
Maldiv ... ,"(Geogrnphicllloumnl,'I"ol. ... ),&a)"1 that the edge. of the 
red. therellAnd nbo'l'e .... ater at low IpringtidH. 

I Kotzebue'. }"ifllt VO)'age, vol. iii p. 144. 
f See abo MOrelbyon the Northern atollt or the Maldivaa, Geogra­

(IhiealJoumal,vol.'f'.p.400. 

© The Co molete Work of Charles Derwlf1 Online 



26 [CII. I. SJo:CT.II. 

Beechey's Voyage. it is not apparent that any conglomerate 
coral-rock wile there observed. 

The lagoon in Keeling atoll is shallow: in the 3to11a of the 
Low Archipelago tbe depth varies from 20 to 38 fathoms, 
and in the Marshal Group, according to Chnmisso, from 
30 to 35: in the Caroline atoils it is only II little less. 
Within the MaldivR atolls there arc large spaces with 45 
fathoms, and some soundings are laid down of 49 fathoms. 
The greater part of the bottom in most lagoons, is formed 
of sediment; large spaces have c:x.l1Ctly the same depth, or 
the depth "aries so insensibly, that it is evident that no 
other mcans, excepting aqueous deposition, could have 
levelled the surface so equally. In the Maldiva atolls 
this is very conspicuous, and likewise in some of the Caroline 
and Marshall Islands. In the former large spaces consist of 
sand and soft clay; and Kotzebue speaks of day having 
been found within one of the Marshall atolls. No doubt 
this clay is calcareous mud, similar to that at Keeling Island, 
and to thalat BemlUda already referred to, l1li nndistinguish­
able from disintegrated chalk, and which Lieut. Nelson says 
is called there pipe-clay.-

Where the waves act with unequal force on the two sides 
of an atoll, the isleta appear to be first formed, and arc gene­
rally of greater eontimtity on the more el'posed sllore. 'fhe 
isleta, also, which arc placed to leeward, arc in most l)art9 of 
the Pacific liable to be ocea.!lionally swept entirely away by 
gales, equalling burricnnes in violence, which blow in an oppo­
site direction to the ordinary trade-wind. The absence of tbe 

• I may here observe that on the <:OO8t of Bl"I!.zil, where there is 
much conLi, the 50undingll nelU' the land are described by Admiral 
ROWlllin, in the PiW/, du BY~"l, lUI liliceous IIaIld, mingled with much 
finely comminuted particles of shell$and corn!. Further in the offing, 
for II space of 1300milnalongthceoast,fromtheAbrolhOlli51andsto 
Mllranhllrn, the bottom in many l,iaee. is composed of "tuf blanc, 
m~l~ ou rorm~ de madrcporea broy~I." This white aubltallee, 1)TQ­

bably is analogous to that " .. hieh oc<:uJSwilhin the aoovc_mentionel\ 
lag90nl; it is lometimes, according to Roussin, firm, and he C(lmparci it 
to mortar. 
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isleta on the leewan.l. siile of atolls, or when prelCnt lhcir lesser 
c.lirueniiollll C()m~d with those to windward, is a compara­
tively unimportallt fact; but in several instancel the reef itl!Clf 
on the leeward side, retaining il.8 usual defined outline, does 
not risc to the surface by several fathoms. 'rhi, is tbe case 
with thc southern side of PCf"06 BunbOil (llintc 1. tig. 9) in 
tbe Cbagos group, widl Mourileu atoU-, in the Caroline 
Archipelago, and with the barrier reef (l~latc I., fig. 8) of the 
Gaulbicr Islands. I allude to the latter rec!r, although 
belonging to another dl'8l, because C81Jt.ain Bccchcy wu finlt 
led by it to observe the peculiarity in d.lc question. At 
Pe rOll llanb08 the submerged part is nine mill'S in length, 
and lies at an average depth of about /) fathoma; ite sur· 
fllCe is nearly level, and cons.ists of hard atOllc, with a thin 
cO\'cring of loose aand. There is 8('~ly ally living conU 
on it, £v£n 011 the out£r margin, as 1 have bei!n particularly 
assured by Capt. ~(ol'C5by: it is in fact a wall of dead coral­
rock, having the flame width and transverac section with the 
fC(:fin its ordinary 8tate, of whieh it is R continuous portion. 
The H\'ing and perfect part/! terminate abruptly, and abut ou 
the submerged portions, in the same manner 1\8 on the sides 
of an ordinary pa.ssage through the reef. The f«:fto I~wanl 
in other eases is nearly or quite obliterated, and one aide of 
the lagoon is left open; for instance at Oulleay (Caroline Ar­
chipelago), whcre a crctCCnt-formed reef is fronted by an irre­
gular bank, 011 wllich the other balf of the annular rcef llrobably 
once stood, At Namonoulto, in the same Archipelago, both 
these modifications of the reef concur; it consists of a g reat 
flat bank, with from 20 to 25 fathoms wat£r on it; for a 
length of more than 40 miles on its lKIuthern ,ide it is open 
and wilhout any reef, whilst on the other sidea it is bounded 
by a r~f, in pull! rising to the liurf8C£ and perfectly charac­
terized, in parta lying IKIme fathoms submerged. In the 
Chagoa group there are annular rc£fa, entirely submerged, 

• Jo' rederic Lutite'. Voynge itutour du ?Ionde, vol.ii. p.291. See 
a110 hia II.CQ)Unt of Namonou"no, at pp. 97 and 100, and the tbart or 
Oulleay in the Atlat. 
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which have the same structure as the submerged and defined 
portions just described. The SJlCakcrs Bank offen an excel­
lent cXIIlnple of lhis structure; its central CXlJaIlSC, which is 
about 22 fathoms deep, is 24 miles across; the external rim is 
of the usual width of annular reefs, lind is well...{lefincd; it lies 
betweell 6 Ilmi8 fllthorusbcneath the surface, lind lit the same 
depth there arc scattered knolls in the lagoon. Capt. :Morc~by 
believes the rim consists of dead rock, thinly covered with 
sand, and he is certain this is the C~ with tile external 
rim of the Great Chagoe Bank, which is also essentially II 
submerged atolL In both these casce, a8 in the submerged 
portion of the reef at Pcros Banhos, Capt. Moresby feels sure 
that the quantity of living coral, eyen on tbe outer edge 
overhanging the deep-sea water, is quite insignificant. Lastly, 
in several parts of the Pacific and Indian Oceans there arc 
baolls, lying at greater depths than in the cases just men­
tioned, of the same form and size with the neighbouring 
atolls, but with their atoll-like structure wholly obliterated. 
It appears from tbe survey of Freyeinet, that there arc banks 
of this kind in the Caroline Arehipcla~, and, as is reported, 
in the Low Archipelago. When we discuS!! the origin of the 
different classes of coral formations, we shall lICe that the 
submerged state of the wIlole of some atoll-formed reefs, 
and of portions of others, generally but not invariably on the 
leeward side, and the existence of more deeply submf.'rged 
banks now possessing Iiule or no signs of their original atoll­
like structure, arc probably the effects of a uniform cause,­
namely, tbe death of the eornl, during the subsidence of the 
area, in which the atolls or banks arc situated. 

There is seldom, with the exception of the Maldh'a atolls, 
more than two or three eharlOels, and generally only one 
leading into the lagoon, of sufficient depth for a ship to 
enter. In small atolls, there ill usually not eten one. Where 
there is deep water, for instance above twenty fathoms, in 
the middle of the lagoon, the channels through the reef are 
seldom as deep as the centre,-it may be said tbat the rim 
only of the saueeNhapcd hollow forming tbe lagoon is 
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notched . Mr. Lyell· has observed that the growth of the 
coral would tend to obstruct all the channels through a reef, 
except those kcpt open by discharging the water, which 
during high tide and the greater part of each ebb i5 th rown 
over it3 circumference. Several facts indicate that a consi­
derable quantity of sediment is likewise discharged through 
these chaunels j and Captain :Moresby informs me that he 
has observed, during the change of the monsoon, tIle sca 
discoloured to a distance off the entranC1!S into the Maldiva 
and Chagos atoUl!. 'l'his. probably, would check the growth 
of the coral in them, far more effectually than a mere current 
of water. In the many slOall atoUs witbout any channel, 
these causes have not prevented the entire ring attaining the 
surface. The channels, like the submerged and effaced parts 
of the reef, very generally though not invariably occur on 
the leeward side of the atoll, or on that side, aceonling to 
Beeehey,t which, from running in the same direction with 
the prevalent wind, is not fully exposed to it. PRSSIlgCll 
between the islets on the reef, through whieh boats can pass 
at high-water, must not be confounded with ship-channels, by 
which the annular reef itself is breached. The passages 
between the islets occur, of course, on the windwanl as well 
lIS on the leeward side j but they are more frequent and 
broader to leeward, owing to the lesser dimcilsions of the 
islets on that side. 

At Keeling atoll the shores of the lagoon shelve gradually, 
where the bottom is of sediment, and irregularly or abruptly 
where there arc coml reefs j but tllis is by no meana the uni­
versal structure in other atolls. Chamisao,t speaking in 
general terms of the lagoons in the Marshall IItolls, says the 
lead generally sinks "from a depth of two or three fathoms 
to twenty or twenty-four, lind you may IlllfSUC a line in 
which on one side of the boat you may see the bottom, lind 
on the other the azure· blue dcep water." The shores of the 

• Principles of Geology, vo\. iii.p.289. 
t BeCl':hey's Voy",ge,4to. ed. vol . i.p. 189. 
I Kotubue', Fit!!t Voyage, ~oL iii. p. I-t2. 
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lagoon·,like channel within the barrier-reef at Vanikoro ha\'c 
a similar structure. Captain Beechey has described a modi­
fication of this structure (and he belic,'cs it is Dot uncommon) 
in two atolls in the Low Archipelago, in which tbe lIhorcs of 
the lagoon descenr) by a few, broad, slightly inclined, ledges 
or steps : thus at Matilda atoll,. the great exterior n'cf, the 
surface of which is gently inclined towards and beneath the 
surface of the lagoon, ends abruptly in a little cliff three 
fathoms deep; at its foot, a ledge forty yards wide extends, 
shelving gcntly inwards like tbe surface-reef, and terminated 
by a ,second little cliff five fathoms deep j beyond this, the 
bottom of the lagoon slopes to twenty fathoms, which is the 
8verngc depth of its centre. These ledges seem to be fonned 
of coral rock; lind Captain Beechey says that the lead often 
descended several fathoms through holes in them. In SOllie 
atolls, all the coml reef's or knolls in the lagoon COllIe to the 
surface at low-water; in other cases of rarer occurrence, all 
lie at nearly the same depth beneath it, but most frequently 
they are quite irregular,-some with perpendicular, some 
with sloping sides,--some rising to the surface, and others 
lying at all intermediate depths from the bottom upward& 
I cannot, therefore, suppose that the union of such reefs 
could produce even one uniformly sloping ledge, and much 
less two or three, one beneath the other, and each terminated 
by an abrupt walL At Matilda bland, which offers the best 
example of the step-like structurc, Captain Beechey observes 
that the coral knons within the lagoon arc quite irregular in 
their height. We shall hercaftcr see that the theory which 
accounts for the ordinary form of atolls, appareutly includes 
this occasional peculiarity in their structure. 

In the midst of a group of atons, there sometimes occur 
small, flat, very low islands of coral formstion, which probably 
once included a lagoon, since filled up with sediment and coml-

• Deechey'B Voyage, <Ito. ~d. vol. i. p. 160. At Whitsunday bland 
the bottom of the lagoon slopeagradusHy towsrdsthe cenll't",and then 
deepelllBuddenly, the edge of the bank being nearly perpenolicu.lnr. 
This bank is fonoedof cor.llllllddeadshelis. 

Rl The Complete Work of Charles Darwin Online 



TOE Fn,l.IKG UP OF TnEIK LAGooN& 31 

reefll. CapUlin Rcechey entertaina no doubt thnt this ha.'! 
been the case with tbe two small islands, which alone of 
thirty-one surveyed by him in the Low Archipelago, did not 
contain lagoons. llomanzofffsland(in 1a1.150 S.) isdescribcd 
by Chami880· as fonncu by a dam of madreporitic rock iu­
eloting a Bat space, thinly co\'ered with trees, into which the 
sea on the leeward side occlI!!ionnlly breaks, North Keeling 
atoll appears to be in a rather less forward stngc of conver­
aion into land: it consisLtJ of a horse-shoe Ihaped strip of 
land surrounding a muddy Bat, onc mile in iu longest axis, 
which il:l covered by the sea onll at high water. When de­
flCribing South Keeling atoll, I endeavoured to show how 
slow the final process of filling up a lagoon must be; never­
theless, as all causes do tend 10 produce tbis effect, it is "ery 
remarkable that 1I0t one inatancc, as I belie\'e, is known of 
a moderately-sizcd lagoon being filled up C\'cn to the low 
water-line at Ipring-tides, much lelill of such a one being 
converted into land. It is, likewise, in some degree remark­
able, how few UlOna, except SOlan ones, aro surroundeu by a 
lingle linear strip of land, formed by the union of separate 
il letl. We cannot suppose that the IlIan), atolll in the Pacific 
and Indian oceal,. all have had a late origin, and yet should 
they remain at their present level, subjected only to tho 
nction of the RCa and to the growing powel'll of the coral, 
during 118 many centuries 118 mWit havo elapsed since any of 
the earlier tefliary epochs, it cannot, I think, be doubted 
that their lagoons and the isleUl on their reef, would present a 
totally different appearance from what IIley now do. Thi. 
consideration leads to the suspicion that !lOme renovating 
BgCney (namely subsidence) eOlll08 into play at intervals, and 
perpetuatcs their original 81rocturc, 

• KotKbue'. Fint Vo}"agr, vol. iii. p.22I. 
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Maldie4 .A.rcltipelllg_Ri"lf-JorttKd ruj' _rg,,,al 1I>til cnotraJ-GrHI 
tkplk ,;, t"'l~ "111M S. atoiu-R«/, ill fA, u.~ all riliNg 
I. 1M nr/ __ P"';/"", of iml#. -.J bNMuliu i,. /II' rw/' t&1",1t "~I 
'0 11M ~krot rirw4.Jtd flc/ioro of ''''lI:trffl-Dulnu:liMt of .~Id_ 
eMMetiMt I,. 1M pont,"'" .. ltd .tMb.war .... j"""dntw.. of ",diRel .tGlh­
TIM app(JretU dil'~1 oj larK' "toll_T/w Oml CAagOl 8",,'-
1",,wffll>tTgtdct1luJiIUmm.dulrarffd'"1t.xry,lrl<el .. r.. 

ALTIIOUOll occll.!lionnl references lllwc ken made to the 
Maldiva atolls, and to the banb in the Chllgos group, 
80mc point!! of their structure descn"c further considcl'Btion. 
My description u d('rivcd from an examination of the admi­
rable cham lately published from the Buney of Captain 
Moreaby and Lieut. Powell, and more especially from in­
formation Ivhich Captain Moresby haa communicated to IIIC 

in the kindest manner. 
The Ma1diva Archipelngo is 470 miles In length, with an 

average breadth of about 50 miles. The form and dimel1llions 
of the atolls, and their singular position in a double line. may 
be Been, but not well, in the greatly reduced chart (Fig. 6.) 
in Plate II. The dimensions of the longest atoll in the 
group, (called by tlle! double name of Mi11a-dou·Madou 
and Tilla-dou-Matte) hWl already been given; it is 88 
milC3 in a medial and slightly cun'cd line, and is less than 
20 miles in its broadest part. 8uadi\'a, also, is a noble 
Atoll, being 44 miles across in onc dircction, and 3-& in an­
other, and .he great included expanse of water bu a depth of 
between 250 and 300 f£(!t. The smaller atolls in thi.~ group 
differ in no res]K!Ct from ordinary ones; but the larger ones 
are remarkable from being breached by numerous deep-water 
channels leading into tho. lagoon; for instance, tbcre are 
42 ehalluels, through which a ship could enter the lligooil 
of Suadiva. In the thr£(! somherll large atolls, the &C­

parate JX'nions of reef between these channels have the 
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onlinary structure, and arc linCflrj out in the other atolls, 
especially the more northern ones, these portions arc ring-­
fonned, like Illiniature atoll!. Other ring-formed reefs 
rise out of the lagoons, in the place of tboee irregular ones 
which ordinarily occur there. In the reduction of the chart 
of Mablos Mahdoo (Plate II. fig. 4). it was not found casy 
lo define the islets and tile little lagoons within each reef, 
80 that the ring-formed structure is very impcrfcclly shown: 
in the large publiahcd chllrt$ of Tilla-dou-Matte, lhe appear­
ance of tbcac rings, (rom standing further apart from each 
olber, is ,'cry remarkable. The rings on the margin are 
generally clollgalCd; many of them arc three, and IiQmt 
even fi\'c mile8, in di"metcr; thoec within the lagoon IIrc 
usually smaller, few being more than two miles across, and 
the greater number rather iC811 than one. Thc depth of the 
little lagoon within these gmall annular reel's i. generally 
from Ihe to ICven fathoms, but occlISionally more j and in Ari 
atoll many of the ccntral onC!! are twcl\'c, and some C,'CD 
more than twelvc fathoms deep, 'fhese rings rise abruptly 
from the platform or bank, on which they IlfC Jllaced; their 
outer margin is invariably bordcred by Jiving cural,· within 
which there i. a flat surf3C(! of C(Iral-rockj on this flat, sand 
and fmgmellu ha\'e in many CIlllCtl accnmulated IlIId been 
eOD\'crted into islets, clothed with vegetation. I can, in fact, 
point out no cssential differenec betwecn these little ring­
formcd reefs (which, howe"cr, are larger, and contain deepcr 
lagoons than mallY true atolls that stand in the open sea),. 
and the most perfectly charactcriz.cd atolb, exccpting that the 
ring-formed reefs are based on a shallow foundation, instead 
of on the floor of the open sen, and that instead of being 
8CaUcrcd irregularly, they are grouped cI08Cly together on 
onc large platform, with thc marginal ringa arranged in a 
ruddy-formed cirelc. 

Thc perfect ICriefi which can be tracro from ponions of 
simple linear reef, to olhers illcluding.long lincar lagooll5, 

• Capt. Mornby informs me thM ftlill~p<ffa comp/a"d/a, ;1 one of the 
rommoneal. kind. on the outer mllrgin, ~ it is lit K",ling atoll. 
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Rnd from these again to oval or almost circular rings. rendl'!l"S 
it probabll'! that the latter are merely modifications of the 
linear or normal state. It i~ conformable wilh this view, that 
tIle ring-formed reefs on the margin, even where llloot per­
fect and standing furthest apart, generally lllwe their longesl 
8:lct directed in the line which the reef would have held, if 
the stoll had been bounded by an ordinary wall. We may 
11110 infer that the Cl'!ntrlll ring-fonned reefa are modifications 
of thoec irregular ones, which arc found in the lagoons of all 
common atolls. It appears from the charta on a large !!Calc, 
that the ring-like 8trueture is conting.:nt on the marginal 
ehaunels or hreachcs being wide; and, eonsc<luently, on the 
whole interior of the atoll being freely uposcd to the waters 
of the open sea.. Wben the channels arc narrow or few in 
number, altbough the lagoon be of gy-eat size and depth (u 
in Suadiva), there arc no ring-formed reefs; where tbe 
ehannds are somewhat broader, Ihe marginal portions of 
reef, aud especially thaec close to the larger channels, arc 
ring-formed, but the C(!ntrnl ones are not so; where they 
tire broadest, almost every reef throughout the atoll is more 
or ICIIIJ perfectly ring-formed. Although their presenCl'! is 
thus contingent on the openness of the marginal channels, 
the theory of their fonoation, as we shall hereafter see, ia 
illclmled in that of the parent atolls, of which they fonn 
tile separate portions. 

The lagoons of aU the atolls in the 80uthern part of the 
Arehipelogo arc from tell to twenty fathoms deeper than those ~~_~ __ ~~_a_~W~~_~ 
Addoo, the southernmost atoll in the group, for although 
only 9 milca in ita longest diameter, it has a depth of 
39 fathoms, wherelUl all the other small atoll. have com· 
parntivcly .hallow lagoons; 1 can lLSIjign no adequate cause 
ror thia difference in depth. In the celltral and deepest 
part of the lagoon .. the bottom consis18, .. I am infonncd 
by Capt. Moresby, of Itiff clay (probably a calcareous mud); 
nearer the border it con$isUJ of sand, and in the channell 
through the roof, of hanl sand-bank .. sa.nd~tone, conglo--
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meratc rubble, and 1\ little live coml. Close outside tbe 
reef and the line joining its detached portions (where inter. 
seeted by many cbonnels), the bottom is sandy. and it 
slopes abruptly into unfathomable depths. In most lagoons 
the depth is considerably greater in the centre than in the 
channels; but in Tilla-dou-i\lattc, where the marginal ring­
formed reefs stand far apart, tIle same depth is carried across 
the entire atoll, from the deep-water line on one side to that on 
the other. I cannot refrain from once again remarking on 
the singularity of these ntolls,-a great sandy and generally 
concave disk rises ailrulltiy from the unfathomable ocean, 
with its central expanse studded and its border symme­
trically fringed with oval basons of coral-rock, just lipping 
the surface of the sea, sometimes clothed with vegetation, 
and each containing a little lake of clear waterl 

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

Although in the neighbourhood of the Maldiva Archipe_ 
lago the winds. during the monsoons, blow during nearly 8!1 

equal time from opposite quarters. and although. lIS I am 
iuformcd by Capt. MorCllby, the westerly wiuds arc the 
strongest, yet the islets arc almost all placed on the eastern 
side of tbe northern atolls, sud on the south-eaatern sille of 
the southern atolls. That the fonnation of tbe islets is due to 
detritus thrown up from the outside, aa in the ordinary 
manner, and not from the interior of the lagoons, may, I 
think. be sufely inferred from several considerations, which it 
is hardly worth while to detail. As the easterly winds arc 
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lIol the strongest, their action f>robably ill aided by some pre­
vailing swell orcurrcnt. 

In group!! of atolls, exposed to a trade wind, the ship­
channels into tIle lagoollS nre almost invariably situated on 
the leeward. Of less exposed side of the reef, and tbe reef 
itself is sometimes either wanting t!.Jere, or is submerged. A 
strictly analogous, but different, fact, may be observed at the 
Maldivn Iltolls-namely, tuat where two atoll.'! stand in front 
of each other, the breaches in the fc<:f arc the most numerous 
on their ncar, and therefore less exposed, sides. T hus Oil 

the ncar sides of Ari lIud the two NiUnndoo atolls, which face 
S. Mule, Phalecdoo, lind Moloquc atolls, there arc seventy­
three deep-water channels, amI only twenty-five on their 
outer sides j on the ncar side of the three latter-named atolls 
there arc fifty-six openings, and only thirty-sel'en on their 
outsir\es. It is scarcely poSllible to attribute this difference to 
any other cause than the somewhat different action of the 
sea on the two sides, which would enme from the protec­
tion afforded hy the two rows of atolls to each other. I may 
here remark that in most cases, the conditions favourable to 
the greater accumulation of fragments on the reef and to its 
more perfect continuity, on one side of the atoll thall on 
the other, have concurred, bllt this has not been the case 
with tbe Maldivasj for we have seen that the islets are placed 
on the eastern or south eastern sides, whilst the breaches 
in the reef occur indifferently on any sidc, where pro­
teelell by an opposite atoll. The reef being more eon­
tir1llOUS on the outer ami more exposed sides of those 
atolls which stand ncar each other, accords with the fact, 
that the reef of the southern atolls is more continuous than 
lilat of the northern ones j for the former, as I am informed 
by Capt. Moresby, are more constantly exposed than the 
nothern atolls, to a heavy surf. 

The date of the first fonnation of some of the islets in 
tllis Archipelago is known to the inhabitants j on tbe other 
hand, sevcral islets, and even some of those which nrc 
believed to be very old, arc now fast wearing away_ The 
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work of dClltruction has, in somo in~tam'U, bet'n 
pletcd in ten years. Capt. )Ioresby found on one water· 
wu.hcd reef the maru of well~ anti graves, which were 
el[cavated when it ~upportC<.1 an islet. In South Nillandoo 
atoll, the nativC8 say that three of the islets were formerly 
larger: in North Nillamloo tlj(~re is one now l.Ieiog wllshed 
away; and in thialalter atoll Lient. Prentice found a reef, about 
sil[ hundred yanIs in diameter, which the nath'U positively 
tlffirmed 11'u.!! lately lin island covered willi cocoa-nut trees. 
It is IiOW only partially dry at low watet spring t ide~, and is, 
(in Licut. Prentice's woros) " entirely covered with live ooral 
and mRdrcpore." In the northern part, also, of the Maldiva 
Archipelago and in the Chagos group, it ia known that some 
of the isleta aredisalll>oanng. The nati,'cs attribute these 
cffccta to variations in the eUlTCnts of thc sea. For my own 
part 1 cannot al'oid liuspccting, tll8t there must be some 
further cause, which givu rise to such a cycle of changto 
in the action of the currents of the greut and Ol>on ocean. 

Several of the atolls in this Archipclngo are so relatcd 
to ench other in form and poo;ition, Ihnt fit tlu:! first glance one 
is led to suspect that they have originuted ill the disse,·er. 
Illeli t of a sillgle one. Male collsista of three perfectly 
characterized atolls, of which the shape lind relative posi. 
tion are such, that a line drawn closely round all three, 
gi'l'cs a symmetrical figure: to !ICC d.is clearly, a larger chan 
is re<luired than that of the Archipelago in l'lale II .: the 
channel scparating the two nonbem ~fale ato\ls is only 
liltle more than a mile wide, and no 00110111 Willi found in it 
with 100 fathoms. Powell's Is.land i8 sitllilted at thc distance 
of t"·o [lliles lind a half off tho nortbcrn eud of }1nhlos 
Mahdoo, (see fig. 4. Plate n .). lit the nact point wheTe 
the two sides of the latter, if llroiongcd, would meet: 
no bottom, llOwe\'er, WII!I found in the channel with 200 
fatbolllS : in the wider ehaunel between 1I0rtburgh atoll and 
the southern end of lIahlOlJ Mabtloo, no bollOIO Willi found 
with 250 fathoms. In these anti similar eases, the relation 
consist.s only in the foml lind po6ition or the atolls. But in 
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the channel between the tl'"O Nillandoo atolla, although three 
miles and a quarter wide, soundings were atruck at the 
depth of 200 fathoms: the chanDel between Rosa and Ari 
atolla is four miles wide, and only 160 falhonla deep. Here 
then we have, besides the relation of form, a submarine 
connC(:tion. The fact of soundings having been obtained 
belween two separate and perfectly characterized atolls is in 
iuelf intel"C!lting, lIS it hIlS never, I believe, been tWeeted in 
any of the many other group!! of Molls in the Pacific and 
hldian 1IC1I3. In continuing to tl"llCe the connection of ad· 
joiuing atolls, if a hllSty glance lie taken at tlle chart (fig. 4. 
Plate II.) of )[ahl06 Mabdoo and tbe line of unfathomable 
water be followeJ, no one will hesitate to consider it 113 one atoll. 
But a second look will shew that it is divided by a bifurcating 
channel, of which the uorthem Mm is about one mile and 
three quarters in width, with an a\'eragc depth of 125 fa_ 
thoms, and the southenl one three quarten of a 'Pile wide, 
and rather leas deep. These channels re8C!mble in the slope 
of their sidCli and general fonn, those which &eparate atolls 
in every rcspect distinct; and the northern arm is wider 
than that dividing two of the Mille atolls. The ring-formed 
reem on the sides of this bifurcating channel are elongated, 
so that the northern and southern portions of Mahl08 
Mahduo may claim, &I far as their uternal outline is con· 
«med, to be considered as distinct and perfect atolls.. But 
the intermediate portion, lying in the fork of the channel, is 
bordered by reefs le83 perfect than those, which surround any 
other atoll in the group of equally small dimensiolls. l\lahl08 
Mahdoo, therefore, is in every tespeet in 10 intermediate a 
condition, that it rna,. be con.l!idercd either l1li a single atoll 
ncarly diucvered into three portions, or 8lI three atolb almmt 
perfect and intimately connected. This is an instance of 
a very earlylitagc of the apparent disscvernlent of an atoll, but 
a still earlier one in many re!Jpccts is exhibited at Tilla-doll· 
mntte. In one part of thia atoll, the ring-formed reefs stand w 
far apart from each other, that the inhabitants lulVc givcn dif· 
ferent names to the norlhern and liOuthem hlllyes: nearl,. all 
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the rinSl!. moreover, are 110 l)Crfect and stand IJO separate, and 
the apace from wllieD they rise is 80 level and unlike a tlUC 
lagoou, that we can easily imagine tile conversion of this one 
great atoll, not into two or threc portions, but into a wholc 
group of miniature atolls. A perfcct series, such as we 
have here traced, impresses the mind with an idea of actual 
change; and it will hereafter 00 seen, thai the theory of 
subsidence, with the upward growth of the eornl, modified 
by accidents of probable occurrence, will account for the oc­
casional disseverment of large atolls. 

The great Chagos Bank alone remains to be described. 
Tn the Chag08 group there are some ordinary atolls, some 
annular reefs rising to the surface but withollt any islets on 
tbem, and some atoll-fonned banks, either quite submerged, 
or nearly so. Of the latter, the Grellt Chagos Bank is 
much the largest, and differs in its stlUcture from the others: 
a plan of it is given in Plate U . fig. I, in which, for the sake 
of cleame!!S, I hM·e had the parts under ten fathoms dcep 
finely shaded: an cast and wcst vertical section is gil'eu in fig. 
2, in which the vertiealscale has been necessarily exaggerated. 
Its longest axis is ninety nautical miles, and another line 
drawn at right angles to the first, aCfOSS the broadest part, is 
seventy. The central paft consists of a level muddy fiat, 
between forty and fifty fathoms decl), which is surrounded 
on al l sides, with the exception of some breaches, by the steep 
edges of a set of banks. rudely arranged in a cirele. These 
banks consist of sand, with a very little li,'e coral; they vary 
in breadtb from fivc to twch,c miles, and on an average lie 
about sixteen fathoms beneath the surface; tbey are bordered 
by the steep edges of a third narrow and upper bank, wbieh 
forms the rim to the whole. This rim is about a mile in 
width, and with the exception of two or three ~pots where 
islets have been formed, is submerged between five and ten 
falhom,. It consists of smooth hard rock, covered with a 
thin layer of Imlld, but with scarcely any live cornl; it is 
steep on both sides, and Olltwards slopes abnlptly into un­
fathomable depths. .At the distance of less tlum Imlf a mile 
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frolll one pari, 110 bottom was (OIlOt! with tOO fathollls; aud 
off another point, at a IOmewhat greater distance, there Will! 

nOIlC with 210 fathoms. Sloali stccp-eidcd banks or knoll~. 
covered with luxurinntly-growing coral, rise from the interior 
expanse to the same level with the external rim, which, 118 

we have seen, i3 formed ollly of dead rock. It is impossible to 
look at the plan ( Fig. l. Plate II.), although reduced to 80 
small a scale, witbout at once percch,jng that tlle Great 
Chagoe Bank is, in the words of Capt. Moresby,· "nothing 
more than a half-drowncd atoll." But of what great dimen­
sions, and of bow cxtraonlinary an intcrnalalructurc I We shall 
hereafter have to consider both the cause of its submerged con­
dilion, a state common 10 other bank.a in the group, and the 
origin of the aingular submarine te~ which bound IhL 
central eJ:paru!e: these, I think, it can be shown, have re-
8ulted from a cause analogous to that, which has produced 
the bifurcating channel across Mabl08 Mahooo . 

• Tlli. officer hu had Ihe kindne&8 to lend me an cXCf:llent MS. 
account or Ihe Chap "Janda 1 from this paper, from the publilhed 
c.h81U, And rrom verbal information rommnniated 10 me by C'I'I. 
),JOIUby, the aboveacoount of the Gmt Chap Bank ia taken. 
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CHAPTER U. 

C"'-I, -ue ./0 ItfIWrdi f- mtd """"""' aloIl-rw/_Wit/JA .IId 
<kptltoJlfu~IIM1..m-JJrtMJwIIl.--g"'/urft'f;"f,.,uofoxJ­
ley'. If,", ~ally Of!, I~ I«ti:ard n-Ik-CIt«kI to ,lrt fil/'''K "P of II" 
I<Ill_ .. d;a~u-Siu 0>«1 cflNli, .. tiQlt of 1M fItl:i~ckd .,1 .. "tU-NII-«r 
of .,lllftd" !CiIAi .. , ........ _1-B.~-rHf' of N"" C.w-ia eM 
AlUt1'<llu.-P<¥iI'olt oJ til. -I rMlir. 10 11M 6fotH of 1114 adjo ....... , 
IDrtd-PNJhtzbk pMI tltic/rrtu, of k,·"in--_j,. 

Tnt: term <barrier' has been generally applied to that vast fCC!f 

which fronts the N. E. shore of AUlItralia, and by most voy­
agcn likewise to that on the western coast of New Caledonia, 
At one time 1 thought it cOllvenient thus to restrict the 
term, but as these reefs are similar ill structure. and in posi­
tion relatively to the l"!ld, to those, wbich, like a wall with II 
deep moat within, encircle many smaller islands, I have 
classed them together. The reef, al&o, on the wcst coast of 
New Caledonia, circling round the extremities of the islatld, 
is an intermediate form between a small encircling reef and 
the Australian barrier, which stretches for a thousand miles 
in nearly a straight line. 

The geograpbcr Balbi has in cfi'C(;t dellCribcd those barrier­
rC()18, which encircle moderately sired islands, by calling them 
atolls with high land rising from within their central expanse. 
The general resemblance between tbe reefs of the barrier 
and atoll e!ll88ell may be acen in the small, but 8«urately 
reduced charts on Plate 1.,. and this resemblance can be 

• The a.uthoritiet {rom whieh these eharu have been reduet'd, toge­
ther "'ith tome remIJu on them, au: gi .. ,n in a 1IC ..... tdy al'~nded 
pagt,detCriptive of the Piatell. 
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further ShOIl'II to extend to C\'cry part of their structure. 
Beginning with the outside of the reef; mllny scattered 
soundings of!:' Gambier, Oualan, and some other encircled 
islands, show that close to the breakers there exists a narrow 
shelving margin, beyond which the ocean becomes sud­
denly unfathomable; but off the west coast of New Cale­
donia, Capt Kent· wund no bottom with 160 fathoms, 
at two ships' length from tbe reef; 80 that tbe slope here 
Inust be nearly as precipitous as off the Maldiva atolls. 

I can give little information regarding the kinds of corals 
wllich Jive on the outer margin. When I visited the reef at 
'l'ahiti, although it was low water, the surf was too violent 
for me to see the living masses; but, acconling to what 1 
heard from some intelligent native chiefs, they resemble 
in their rounded and branchlcSll forms, those on the margin 
of Keeling atoll The extreme \'erge of the reef, which was 
visible between the breaking waves at low water, consisted 
of a rounded, convex, artificial·like breakwater, entirely 
coated with Nulliporre, and absolutely similar to that which 
1 have de&eribed at Keeling atoll. From what I Jleard 
when at Tahiti, and from the writings of the Revs. W. Ellis 
and J. \\'illiarra, I conclude that this peculiar structure 
is common to most of the encircled islands of the Society 
Archipelago. Thc reef witllin this monnd or breakwater, 
has an cxtremely irregular surfacc, even morC90 than between 
the islets on thc reef of Keeling atoll, with which alone (as 
there arc no isleta on thc reef of Tahiti) it can properly 
be compared. At Tahiti, tlle reef is \'cry irregular in width; 
but round many other encircled islands, for instance Vanikoro 
or Gambier islands, (Figs. 1. and 8. Plate L) it is quite as 
regular, Elmi of thc same average width, as in true atoll~. 

1I108t harrier·recfs 011 the inner side slope irregularly into 
the lagoon-channel, (as the space of deep water separating tue 
reef from the iucluded land may he callell,) but at Vanikoro 
the reef slopes only for a short distance, and then termiuates 
abruptly in a submarine wall, forty feet high,-a structure 

• ])alrymp!c,Hydrog.Mem.voLiii. 
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BlJIolutely similar to that described by Chami880 iu the 
Man!.hallatolls. 

[n the Society Arcbipelago, Ellis- states, that the reefs 
generally lie at the distance of from one to one and a half 
miles, and, occasionally, even at more than three miles, from 
tho shore. 'fhe C<!ntrai mountain! arc generally bordered 
by a fringe of fiat, and often marshy, aUuvialland. from onc 
to four milCII in width. This fringe couaistl of eoral-sand 
and detritus thrown up from tbe lagoon.channel, and of soil 
wRllbcd down from the hills; it is an encroachment on the 
channel, analogous to that low and inner part of the islets in 
many atolla, which is formed by the accumulation of matter 
frOlu the lagoon. At lIogolcu (fig. 2. Plate 1.) in the Caroline 
Archipelago.t the reef on the south aide is no less than 20 
milCIJ; on the cast aide, fi\'e; and 011 the north side, 14 
miles from the encircled high ialanlh. 

The lagoon-ehanncls may be compared in every respect 
with true lagoons. In some cases thcy are open, with a 
level bottom of fille sand; in otbers tbey arc choked lip with 
reefs of delicately branched corals, which have the sarno 
general character WI those within Keeling atoll. These inter· 
nal reefs either stand separately, or Inore commonly skirt the 
shores of the included higb islands. The depth of the Iagoon.­
channel round the Society Islands "ariel from two or three, 
to thirty fathom!; in Cook'q chart of Ulietea, Uowe'\"er, there 
ill one lOunding laid downof48 fathom!: at Vanikoro there arc 
several of 64 nnd one of 66, fathom~ (English), a depth which 
even exceeds by a liule that of the interior of the great MaMiva 
atolls. Some barrier·reclS hive very few i81etlJ on them; whiln 
others arc surmounted by numerous nnOll; and thoee round 
part of Bolabola (PI. I. fig. 6.) fonn a !ringle linear strip. The 

• Consult, on thill and other poinu,the Polynellian Rellearche.by 
the Rev. W. Ellis, an atlmirllble work, full ofcnriout infonnati(ln. 

t See lIydrogrtlphiclIl M~m. and the Atl~ (If the VOyllge (If tho 
A ,troialH, by Cllpt. Dumont D'UM'ille, p. 428. 

I See the cbart in voL. i. of lIawkeiiworth', 4totd. 01 COI.Ik', Fir.t 
Voytge. 
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islets first appea.r either on the angles of the reef, or on the 
sides of the breaches tbrough it, and are g<!ncrnlly 1ll0000t 

numerous on the windward side. The reef to leeward retain­
ing its usual width, sometimes lies submerged several fathoms 
beneath the surface; [llRve already mentioned Gambier 
Island as an instance of tbis stmcture. Submerged reefS, 
haviug a JellS defmed outline, dead, and covered with sand, 
have been observed (sec Appcndi:l:;) off some parUiof Uuahcinc 
and Tahiti. The £cefil! morefrequendy breached to leeward 
dum to windward; thus I find in KrU9Cnstcm'a Memoir on 
the Pacific, that there are passages through the encircling 
rcef on the leeward side of each of the seven Society Islands, 
which pt>SSCSIl ship-harbours; but that there are openings to 
windward through the reef of only three of them. The 
breaches in the reef arc seldom as deep as the interior 
lagoon-like ehallUel; thcy generally occur in front of the 
main valleys, a circumstance which can be accounted for, as 
will be seen in the fourth chapter, without much difficulty. 
The breaches being situated ill front of the valleys, which 
descend indifferently on all sides, cxplains their more fre­
quent occurrence through the windward side of barrier-reefs 
than through the windward side of alolls,-for in atolls 
there is no included land to influence the position of the 
hreaches. 

It is remarkable, that the lagoon-channcls round mountain­
ous islands ha\'e not in every instance been long ago filled 
up with coral and sediment; but it is morc easily accounted 
for than appcaI1l at first sight. In cases like that of Hagoleu 
and tbe Gambier Islands, where a few small peaks rise out of 
a grcat lagoon, the conditions scarcely differ from those of all 
atoll; and I have a.lreadysbown, at some length, that tile filling 
up of a true lagoon must be an eJ(tremely slow proceSll. Where 
the channel is narrow, the agency, which on unprotected 
COastll is most productive of sediment, namely the force of 
the breakers, is here entirely excluded, and the recf being 
hreaehed in the frout of the main valleys, much of the fincr 
lllud from tim rivers must !..Ie transported into the open 
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SCIl. A~ .. CUITCnt is formed by the willer thrown over the edge 
of atoll-formed reefs, which CIImea sediment with illhrough 
the dct!pwllter hreaches, the 1D00e thing Ilrobably takcs 
place in barrier-reefs, and this would greatly aid in pre­
,'cnting the lagooll-ehanncl from being filled up. The low 
alluvial border, however, at tbe foot of the encircled moun­
tains, 8hoW8 thllt the work of filling up is in l'rogfC8S; and 
at Maunla(PL 1. fig.6.)intheSociety group, it bas been almO!lt 
eRected, 110 thaI there rcmains only ont harbour for small craft. 

If we look at a set of charts of barrier-reefs, and leave Ollt 

in imagination the encircled land, we shall find that besidel 
the many points already Iloticed of resemblance, or rather of 
identity in It ructure with atolls, there is a close general 
agreement in fonn, average dimensions, and grouping. En­
circling barrier-reefs, like atoll8, nre genernlly elongatcd, 
with an irregularly rounded, though sometimes angular out­
line. There are atolls of all sizCl, from less than two miles in 
diameter to 8iny milee, (excluding Tilla-dou-Matte. as it 
consiats of II number of almost indf'pendcnt atoll-formed 
rcefs); and there arc encircling barrier-reefs from three mile8 
and II half to forty-six miles in diameter.-'l'urtle Island 
being an instance of the former, lind 110g01eu of the latter. 
At Tahiti the encircled island ill 36 miles in its longest axis, 
whilst at l\Iaurua it is only a little more than two miles. 
It will be shown, in the last chapter ill this volume, that there 
is the st rictest resemblance in the grouping of atolls and 
of common i~lands, and consequently there must be the IDme 
resemblance in tbe grouping of atolls and of encircling harrier­
reefs. 

The islands lying within rceil! of this cl_, are of "ery 
various heights. Tahiti- is 1000 feet; .:Ilaurua about 800 i 
Aituaki 360, and Manotlai only 60. 'IDe geological nature 

• The height of Tahiti i, given (rom Callt, Beecher! Maurua from 
Mr.l-'. D. Dennett tGeogT1'lI)h, Joum, ~oL "iii, p, M) j Aitulali from 
Ole&iluremenu made on bo&rd the liNl/u" lIod Manonai, Or H,,"'cy 
l;;Iand, from an ntimate by the Rev. J. Williams. The t ... o IlIlter 
i.land., Jw,.'e,'er, are not in tome rt'5pectl \I'ell characU'rill'd examl)l" 
oftheencin:lc<ldlUlll, 
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of the included land varics; in most cases it is of ancient 
\'olcanic origin, owing apparently to tbe fact tbat islands of 
tbis ualure arc most frequent within all great seas: some, 
howel'cr, arc of madreporitic limestone, and otbers of primary 
formation, of which lalter kind New Calooonia offers the 
best example. The central land consists dthcr of onc island, 
or of several; thus in the Society group, Eimeo stands by 
itself; while Tabs and Uaiatcll, (fig. 3. Plate 1) both mo­
derately large islands, of nearly equal size, are included in 
onc reef. Within the reef of the Gambier groU!l there are 
four l~ and some smaller islands (fig. 8. Platll 1); within 
that of Hogulcu (fig. 2. Plate I) ncarly a dozen small 
islands arc scattered over the expanse of one vast la­
goon. 

After the details now given, it may be asserted, that there 
is not one point of essential differeoee between encircling 
barrier-reefs and atolls i-the latter enclose a simple ~hcet of 
water, the former encircle an expanse with one or morc 
islanda rising from it. I was much struck with this fact, 
when viewing, from the heights of Tahiti, the distant island 
of Eimco standing within smooth water, and encircled by a 
riug of snow-white breakers. Remove the central llUld, 
and an annular reef like that of an atoll in an early stage 
of its formation is left; remove it from Bolabola, and there 
remains a circle of linear coral-islets, crowned with tall cocoa­
nut trees, like one of the many IItolls scattered over the 
Pacific and Indian oceans. 

The barrier-reefs of Australia and of New Caledonia, 
descrve a separate notice from their great dimensiOnB. The 
reef on the west coast of New Caledonia (fig. 6. Plate II.) is 
400 miles in length; and for a length of many leagues it seldom 
approaches within eight miles of the shore j aud ncar the 
southeru end of the island, the spacc between the reef and 
the land is sixteen miles in width. The Australian barrier 
extends, with a few interruptions. for nearly a tllOusand 
miles: its average distance from the land is between twenty 
and thirty miles. and in some parts from fifty to seventy. 
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The great arm of the SCII thUli iucluded, i9 from ten to 
twenty-five fathoms deep, with a sandy bottom; but towards 
the southern end, w\lere the reef is further from the shore, 
the depth gradually increases to forty, lind in some pllrt.8 
to more than sixty fathoms. Flinders- has described the 
surface of this reef as consisting of a bard white agglo­
merate of different kinds of coral, with rough projecting 
points. 'rue outer edge is tIle highest part; it is tra­
versed by narrow gullies, and at rare intervals is breaclled by 
ship-channeis. 'I'Ile sea close outside is profoundly deep; 
but, in front of the main breaches, soundings can sometimes 
be obtained. Some low islets have been fonned ou the 
reef. 

There is one important point in the stnlcture of barrier­
reefs which mUlit here be considered. The accompanying 
diagrams represcllt north and south vertical sections, taken 
through the bigllest points of Vanikoro, Gllmbier, and 
MauTUIl islands, and through their encircling reefs. TI)e 
seale both iu the horizontal sud vertical direction is the 
same, namely, a quarter of an inch to a nautical mile. The 
height aud width of these islands is known; and I have 
attempted to represcnt the form of the land from tbe shading 
of the hills in the large published charts. 1t has long been 
remarked, even from the time of Dampier, that a considerable 
degree of "elation subsillts between the inclination of that 
part of the land. which is beneath water and tbat above it: 
hence the dotted line in the three scctions, probably, docs not 
widely differ in inclination from the actual submarine pro­
longation of the land. If we now look at the outer edge of 
the reef (A A), and bear in mind that the plummet on the 
right hallll represcnts a depth of 1200 feet, we must conclude 
that the vertical thickness of these barrier coraL reefs is 
very great . 

• Flillden' Voyage to Terra Australis, vol. ii.p.SS. 
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I-\"anikoro, from the Atl&8 of the voyage of the Ajlrok.~, by D. 
D'Urvillc. 

2-Gambicr hland, from Beecher. 
3-Maurua, from the atla/J orth", voyage of the Coqll,lIt, by Duperrey. 
The horilontai line is the level of the 'lell, from which on the right 

hand a plummet descends, representing a depth of'lAX/ fathoms, or 1200 
feet. The '-ertical slialling ~how. the scetion of the land, and the hori­
lontal shading that oC the encircling barrier-reef; fromthesmallnes& 
orthescale,thelagoon-ehannelcouldnotbe represemed. 

A A-Outer edge of the oom!-reef8, where the eeIL brew. 
llD_Thelihoreoftheencireledillland •. 

I must observe, tbat if tbe sections had been taken in 
any other direction across these islands, or across other 
encircled islands,- the result would have been the same. 
In the succeeding chapter it will be shown that reef-building 
polypifers cannot flourish at great depths,-for instance, it is 
highly improbable tl1at they could exist at a quarter of the 
depth represcnted by the plummet on the right band of the 
woodcut. H ere then is a great appal"tllt difficulty-how 
were the basal parts of these barrier-reefs formed. It will, 
pcrhap<l, occur to some, that the actual reel! formed of coral 

• In the fifth ehapteran East and West section SCI"OS8 the Island ot 
lloiabolaand ill barrier·reefsis given, for the 6IIke otmWltrating ano­
ther point. The unbroken line in it (woodcut No.5) is the lieetion 
re(errcd to. The lICaic is ·57 of an inch to a mile; it is tahn from the 
AtilUl of the Voyage of the Cr>quilk by Duperrey. The depth of the 
lag<>on.dulnncii8c""ggerated. 
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are not of great thickness, but that before their first growth, 
the eoasts of these encircled islands were dccply catcn 
into. and a broad but shallow submarine ledge thus Icft, on 
the edge of which the ooral grew j but if this had been the 
case, the shore would have been invariably bounded by lofty 
cliffs, and not have sloped down to the lagoon-channcl, as it 
docs in many in~tances. On this view,· moreover, the cause 
of the reef springing up at such a great distance from the 
land, leaving a deep and broad moat within, remains alto­
gether unexplained. A supposition of the same nature, and 
appearing at first morc probahle, is, that the reefs sprung up 
from banks of sediment, which had accumulateli round the 
shore previously to the growth of the coral; but the c .... ten­
sion of a bank to the same distancc round an unbroken COllst, 
and in front of those deep arllls of the sea, (as in Uaiatea, 
see Plate II. fig. 3.) wbieh penetrate nearly to the heart of 
some encircled islands, is exceedingly improbable. And 
why, agaiu, should the reef spring up, in some eases stcep on 
both sides like a wall, at a distance of two, thrce, or more 
miles from the shore, leaving a channel often hctween 
200 and 300 feet deep •. and rising, from a depth which 
we have reason to belie,·c is destructive to the growth of 
coral? An admission of this natnre eannut possihly be 
made. T be cxistenee, also, of the deep channel, utterly 
precludes the idea of the reef having grown outwards, on a 
foundation slowly formed Oil its outside, by the accumulation 
of sediment and coral detritus. Nor, again, can it be ag.. 

serted, that the reef-building corals will not grow, cJ:ceptillg 
at a great distance frolll the laud j for, as we shall soon see, 
there is a whule class of reefs, whicb tal:e their Ilame frOlll 
growing closely attached (especially where the sea is deep) to 
the beach. At New Caledonia, (see l'late II. fig. 5.) the 
reefs which run in front of the weat coast, are prolonged in 
the same line 150 miles beyond the northern extremity of 

• The Rev. D. Tyerman IIJId Mr. "Bennett (Joum. of Voyag'l' IUId 
Travels,vol.i.p.215) hsvebricflysug~ted this n:plaoationofthe 
<lrigin of the encireling reefs of the Sor:icty blands. 

E 
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the island, and this shows thllt some C:xpilllllltion, quite 
different from any of those just suwsted, is required. 
T he continuation of the rC(!fs on each !idc of the submarine 
prolongation of New Caledonia, is an exceedingly interest­
ing fact; if this part formerly existed as the northern cx­
tremity of the island. and before the IIttachmCllt of the coral 
had been worn down by the action of the sea, or if it origi­
nally cxist.cd at its present height, with or without beds of 
sediment on each flank, how can we possibly accoUllt for the 
reefs, not growing on the crest of this submarine portion, 
hut fronting its sides, in the same line with the reefs which 
front the shores of the lofty island? We shaH hereafter sec, 
that there is one, and I belie\'c only one, solution of this 
difficulty. 

One other supposition to account for the position of eo· 
circling barrier-reefs remains, but it is almost too preposterous 
to be mentioned i-namely, tllat thcy rest on enormous 
submarine craters, surrounding the included islands. When 
the size, height, and form of the islands in the Society group 
arc considered, together with the fact that all nrc thus en­
circled, such a notion will be rcjeeted by almost cvery onc. 
New Caledonia, moreover, besides its size, is composed of 
primitive formations, as arc some of the Comoro [glands;­
and Aitutnlt:i consists of calcareous rock. We must, there­
fore, reject these several c:a:planatious, and conclude that the 
vertical thickness of barrier-reefs, from their outer edges to 
the foundation on which they rest (from AA in the section 
to the doltcd lines) is really great: bUl in this, there is no 
difficulty, for it is not necessary to suppose that the coral has 
sprung up from nn immense depth, as will be evident when 
the thcory of the upward growth of coral reefs, during the 
~low suhsidence of their foundations, is discussed . 

• I have been infonned that thia is the CI\&e by Dr. Allan of Forres, 
w!lOhll.8visitedthisgroup. 
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CHAPTER 1II" 

"Nfl of ,v" .. ril,ou-$ltnll_ (1t,,,.1UI. ..... Ilti" Ik .Nf-II, ,1_ jilll.g 
.. ,.-C .. rrf"ltlt of "'Mtr fornom teI·I/ti" "I-Uprtril~l ' "f,- N,,1"'f"OfI' 
fn"gi"l!-_f' I·tI. dH"p __ " uf' OIl 11t~ e/I4I1 'if b". Afn~o. ".d r:f 
IJra.il-Fn·"G'''K -f' i" ~....,. ,MIIotc HM, N*rod ba",b of -'i",,,,t 
.. "d ... "",,,,,,"",,-,, wpdl-F";"/{'·"G rNf' .. .Jf«Iet/ ~ ("rrnu", of I~t 
_-Cor"IOOd/illlG IooiI_oftMlH,httt "otf-''W-f'" 

FRI NGING tee&, or, all they have been called by some ,"oy­
ngers. shore reefs, whether skirting an island or part of 11. 

continent, might nt rirst be thought to differ little. ucep' 
in generally being of 1C8!I breadth, froln bl\rrjer-reef~" All 
far II!I the SUpcrflciCII of the actual reef is eoncernN this ill 
the ellSC; but the ab8enCC! of an interior deep-watcr channel, 
and the close relation in their horizontal extension with thl' 
probable slope beneath the &ea of the adjoining land. present 
esacntial points of difference. 

The reetS which fringe the island of Mauritius offer a 
good cxam]lle of this class. They cxtend round its whole 
circumference, with the exception of twO or three parts,· 
where the coa;;t is alm08t precipitous, and where, if 1\8 is 
probable the bottom of the sea has II similar inclination, 
tbe eornl would have no foundation on whieh to become 
attached. A similar fact may sometimes 00 obac.n-cd e.en in 
reefs of the barrier class, which follow mueh less closely the 

• Thia fact is atated on the authority of the Oflider du Roi, in hia 
extremcly intcr<'1iting "VOyRgc I\. I'isle de France," undrnakfn in 1768. 
Aoxording to Capt. Canniehacl (Hooker'1 801:. Misc. voL ii. p. 316.) on 
one pe.rt of thcCOft8tthrre is •• pa.cefor 16 milH lI·ithouta reef . 

• 2 
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outline of the adjoining land; as, fo r instance, on the S.E. 
and precipitous side of Tahiti, where the encircling reef is 
interrupted. 00 tile westem side of the Mauritius, which 
was the only part I visited, the reef generally lies at the dig.. 
tance of about half a mile from the shore; but in some parts 
it is distant from ODe to two, and even three miles. But 
even in this last case, as the coast·land is gently inclined 
from the foot of the mountains to the sea-beach, and as the 
soundings outside the reef indicate an equally gentle slope 
beneath the water, there is no TClLSOn for supposing that the 
basis of the reef, fonned by the prolongation of the strata of 
the island, lies at R gre~ter depth than that, at which the 
polypifers could begin constructing the reef. Some allow­
ance, howe vcr, must be made for the outward extension of 
the corals on a foundation of sand and detritus, fanned from 
their own wear, which would givc to the reef a somewhat 
greater "ertical thiekne&l, than would otherwise be possjble. 

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. I t chieHy consists of large strongly 
branched corals, of the genus Madrcpora, which also form a 
sloping bed some way out to sea: the kinds of coral growing 
in this part will be described in the ensuing chapter. Be­
tween the outer margin and the beach, there is a Hat space 
with a sandy bottom and a few tufts of living coral; in 
some parts it is so shallow, that pe<lple, by avoiding the 
deeper holcs and gullies, can wade across it at low water ; in 
otber parts it is deeper, seldom however exceeding ten or 
twelve feet, so that it offers Il safe coasting channel for boats. 
On the eastern and windward side of the island, which is ex­
posed to a heavy Burf, the reef WIIS described to me as having 
a hard smooth surface, very slightly inclined inwards, just 
covered at low·watcr, and traversed by gullies; it appears to 
be quite similar in structure to the reefs of the barrier and 
atollclasscs. 

'fhe reef of Mauritius, in front of every river and streamlet, 
is breached by a straight passage: at Grand Port, however, 
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tllcre is a channcllike thnt within a barrier-reef: it extends 
parallcl to the shore for four milC3, and has an avcrage 
depth of 10 or 12 fathoms; its prcsence may probably be 
accounted for by two rivers which enter at ench end of tbe 
chnnncl, and bend towards each other. 1.11c fnet of reefs of 
the fringing el8S11 being always breached in front of streams, 
even of those which are uryuuring thc greater part of the year, 
will be explained, when the conditions unfavourablE' to the 
growth of coral are cousidercd. Low coral-isleta, like those 
on barrier-rcefs and atolls, arc seldom formed on ree& of this 
c1D&1, owing apparent.ly in some C8SCS to their narrowness, 
lind in others to the gentle slope of the reef outside not 
yielding many fragments to the breake~ On the windward 
side, however, of the Mauritius, two or three email islets havo 
\)e(:n fonned. 

It Appears, as will be she'l\'ll in the ensuing chaptcr, that the 
action of the surf is favourablc to the ,·ignrous growth of the 
stronger corals, and that und or sediment, if agitated by the 
wavcs, is injurious to thcm. Hence it is probablc thnt a reef 
on a shelving ~horc, like thllt of Mauritius, wonld at first 
grow up, not attached to the IIC:tual beach, bill at some little 
distance from it; and the COTllls on the outer margin would 
be the most vigorous. A ahallow channel would thns be fomled 
within the reef, and as the breakers are pre'fentcd acting on 
the shores of the isInnd, and as they do not ordinarily tear up 
many fragments from tlle outllide, and lIS every streamlet has 
its bed prolonged in a strnigllt line through tllC reef, this 
channel could be filled Ill' only very slowly with sedimcnt. 
But a bellch of IIDnd lind of fragments of the smallcr kiud5 of 
coral sccms, in the case of Mlluritius, to be slowly encroach­
ing on the shallow channel. On many shelving snd sandy 
coasta, the breakers tCDd to form a bar of sand a little way 
from the beach, with a Blight iuercasc of deptb within it: for 
instance, Capt. Grey· states that the wcst coast of Australia, 
in lat. 24Q

, is fronted by a sand bar, about 200 yards in 
widtb, on which tbere is only two feN of wllter; but within 

• Cllpt. Grcy>_ Journal or T,,·o Expedition" vol. i. p. 369. 
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it the depth incrcaset to t1'\O fathoms. Similar bats, more or 
less pencct, occur 011 other coasts. In thelC ellSes 1 suspect 
that the shallow channel (which no doubt during storD1~ is 
occasionally obliterated) is scooped out by the flowing away 
of the water thrown beyond the line, 011 which the wa,·ClI 
break with the greatCllI force. At l'cmamblJco II bar of hani 
sandstone,- which bas the same extcmal furm and height as 
• cornl.fe'('f, extcndl! nearly parallel to the coast j within 
this bar currents, apparently caused by the water thrown 
o,'er it during the grcllter part of each tide, run strongly, 
and are wearing away ilB inner wall. From these facts it 
can hardly be doubted, that withill most fringing reefs, 
especially within those lying some distallce from the land, a 
retum atream mu~t carry away the water thrown l)ver the 
outer edge; and the CUITCnt thus produced, would tend to 

pre"ent the chnnncl being filled up with sediment, and 
might e,'en deepen it under certain circunlstances. To tbis 
latter belief 1 am Jed, by finding that channels arc almost 
ulliversnily present within the fringing recfs of those island!:!, 
which havc undergonc recent elevatory movcmCll1S j amI 
this could hardly have been the cn.sc, if thc convcrsion of 
the "cry shallow channel into land had not been counteracted 
to a certain extent. 

A fringing reef, if elevated in a perfect condition aboyc 
the level of the sea, ought to prCllent the singular appearancc 
of a broad dry moal within a low mound. 1'he authort of 
nil interesting pedestrian tour round the Mauritius, seems to 
luwe met with a structure of this kind: he says "j' observai 
que la, OU la mer calc, indcpendamment dCII ~8Cif8 du large, 
ily a A terre wife tqJke fl'r;ffOfl«'lllt1lt, ou chenlin couvert Ila· 
turd. On y pourrait mettre du canon," &e. In another place 
he adds, "Avant de passer Ie Cap, on remarque un gros 
banc de corall cleve de plus de quinzc pied.: e'est uoe 
cspt.'cc de reseif, que In mer a abandonnc: il regne au pied 

• I have described thie . ingular structure in tile Lond. and Edin. 
l'hil.Mag, OcL 18-11. 

1 Voyagel.l'lsledeFl'IIlce,p.runOfficierduRoi,Part.i,pp, I9'l.200. 
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unc longue Baque d'eau, dont on pourrait faire Ull bassin 
pour de petits vaisseaux." But tbe margin of the reef, 
although the highest and most perfect part, from being most 
exposed to the surf, would generally during a slow rise of the 
land be either partially or entirely worn down to that level, 
at which corals could renew their growth on its upper edge. 
011 BOrne parts of the coast-land of Mauritius there are little 
hillocks of conal-rock, which arc either the last remnants of a 
continuous reef, or of low islets fonned on it. T observed 
two such hillocks betweeu 'famarin Bay and the Great Black 
RiveT, they were nearly 20 feet high, about 200 yards from 
the present beach, and about 30 feet above its level. 'fhey 
rose abruptly from a smooth sumlee, strewed with worn frag­
ments of coral. They consisted in tllCir lower part of hard 
calcareous sal1(1stone. and in their upper of great blocks of 
several specie9 of Astrrea and Madrepora, loosely aggre­
gatl,.'<i: they were divided into irregular beds, dipping sea­
l'I'ard, in one hillock at an angle of 8°, and in the other at 
18°. I suspect that the superficial parts of the reefs, which 
have been upraised together with the islands they fringe, 
have generally been much more mooificd by the wearing 
action of the sea, than those of Mauritius. 

:Many islands- arc fringed hy reefs quite similar to those of 
Mauritius: but on C08!!ts where the sea deepens very sud­
denly the reefs arc much narrower, and their Iimite<\ extension 
seems evidently to depend on the high inclination of the 
eubmarine slope ;-a relation which, as we have soon, docs 
not exist in reelS of the barrier clllSll. The fringing-reefs on 
steep coasts are frequently not· more Ihan from 50 to 100 
yards in width: they have a nearly smooth, bard, surface, 

- I Ulay give Cuba, lIS tUlother illltlUlce; Mr. Taylor (Loudon'. Mag. 
of Nat. Hitil. vol. ix.p.oU9.) hasdeseribcd II. reefsenralnliles in length 
betw~n Gibara and Vjaro, .. ·hidl exocnds parallel to the .horo at the 
distance or belwcenhalfBnd the third part ofa mile, and endOlleS & 

space of shallowwaler, y .. ithll.lI8ndybottoUl and lUlls of coral. Out­
side tIle edge of the red,which iB formed of great branchingcorala, the 
depth is Bix..a.nd tieVen lathoml!. This COMt haa been Ilphcal'oo at no 
,·crydisl3ntgcoiogicBi lltriod. 
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scarcely uneOl'ered at 1011'-water, and without any interior 
shoal channel, like illat within those fringing reef:!, which lie 
at a greater distance from the land. The fragments torn up 
during gales from the outer margiu, are thrown O\'er the reef 
on the shores of tile island. I may gil'c fill instances, Wat<.'co, 
where the reef is described by Cook as being a hundred 
yards wide j and Mauti aud Elizabeth· Islands, where it i.s 
only 50 yards in width: the sea round these islands is very 
deep. 

Fringing-reefs, like barrier-reefs, both surround islands, 
and front the shorcs of continents.. In the ebarts of the eastern 
coast of Africa, by Capl_ Owen, many extensive fringing 
reefs nre laid down ;-dm:>, for a Space of nearly fort'y miles, 
from lat. to 15' to 1° 45' S., a reef fringes the shore at 
an average distance of rather more tban one mile, and 
therefore at a greatr.T distance than is usnal in reefs of tlLis 
e1ass; but fill the coast-land is not lofty, and as the bottom 
shoals vcr'y gradually (the depth ociug olily from 8 to 14 
fnthomsat a mile lind a hnlfoutside therccf) its extension 
thus far from tbe land offers no difficulty. The external 
margin of this reef is d<.'scribed, as formed of projecting points, 
within which tbere is a space, from six to twelve fe<.'t deep, 
with patches of living coral on it. At Mukdcesha (lat. 
2°1'N.) "the portis formed," it issaid,t "bya long red 
extending eastward four or five miles, within which there is 
a narrow cllnnllel, with ten to twelve feet water at low spring 
tides :" it tics Ilt the distance of a quarter of a mile from the 
shore. Again, in the piau of :Mombas (lat. 4° S.) a reef 
extends for thirty-aix miles, at the distancc of from half II 

nlile to one mile and a quarter from tbe 81~orc; within it, 
there is II channel navigable "for canocs and small craft," 
between six and flfteen feet deep: outside the reef the 
depth is about 30 fathoms at the distance of Ilearl'y half 

• Mlluti is (I~ribed by Lord Byron in the "oyage or H.M.S. Blfftlde, 
an,I ... :limbeth Island by Capt. Beechey. 

t Owen's Africa, 1'01. i.l" :M7, from which work the foregoing factB, 
arelikewi.etaken. 
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II mile. Part of this recf is very symmetrical, aml has II 

uniform breadth of 200 yanIs. 
The coast of Brazil is in many parts fringed by reefs, 

Of the!IC, some are not of cornl formation; for instance 
those near Bahia, and in front of Pernambuco; but a few 
miles south of this latter city, the reef follows· so closely 
cvery turn of tlle shore, that I can hardly doubt it is of 
coral: it runs at tbe distance of three quarters of a mile 
from the lanp., and within it the depth is from len to nftecn 
feet. I was assurcd by an. intelligent pilot, that at Ports 
}'rances and .Maceio, the outer part of the reef consillta 
of living coral, and the inner of a whitc stone, full of large 
irregular cavities, communicating with the sell. The bottom 
of the sca off the coast of Brazil shoals grndually to between 
30 and 40 fathoms, at the distance of between nine and ten 
le~ues from the land. 

From the description now given, we must conclude, that 
the dimensions Rnd structure of fringing rcefs depend entire­
lyon the greater or less inclination of the submarine slope, 
conjoined with the fact, that reef-building polypifets can 
exist only at limited depths. It follows from this, that where 
the sea is very shallow, as in the Persisn Gulf and in part8 
of the East Indian Archipelago, the reefs lose their fringing 
character, and appear as separate and irregularly seattered 
patchcs, often of considerable area. From the more vigorous 
growth of the coral on the outaide, and from the con­
ditions being less favourable in several respects within, 
such reefs are generally higher and more perfect in their 
marginal than in their central parts: hence thcse reets some­
times assume, (and this circumstance ought not to be over~ 

looked,) the appearance of atolls; but they differ from atolls 
in their central expanse being much Icss deep, in their form 
being less defined, and in being based on a shallow founda­
tion. But when in a dcep sca reefs fringe banks of scdimeot, 
which have _accumulated beneath tlie surface, round either 

• Se<l Daron Roussill', Pilote du Dn!tiil, and accompanying hydro­
gnphicalmemoir. 
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islands or submerged rocks, they arc distinguished with diffi· 
eulty on the one hand from encircling barrier·reem, and 011 

the otller from atolm. In the West Indie!! there sre reefs, 
which l. should probably have arranged under both these 
clllSSCs, had not the existence of large and level balJks, lying 
a little beneath the surface, ready to serve as the basis for the 
attacbment of coral, been occasioually brought into view by 
tho cmire or partial absence of reefs Oil them,-and had 
not the formation of such banks, through the flCCumula. 
tion of sediment now in progress, been sufficiently cvidelil. 
Fringing reefs sometimes coat, and thus protect the founda. 
tions of islands, which have been worn down hy the 
6urf to the level of tile sea. According to Ehrenberg, this 
has been extensively the case with the islands in the Hed 
Sea, which fonnerly ranged parallel to tbe shores of the 
mainland, with deep water within them; hence the reefs 
now coating their bases, arc situated relatively to the laud 
like barrier. reefs, although not belonging to that class;-but 
there arc, as I believe, in the Hed Sea some true barrier­
rcefs. The reefs of this sea and of tbe West Indies will be 
described in the Appendill. In some cases, fringing reefs 
appear to be considerably modified in outline by the course 
of the prevailing currents; Dr. J. Allan infonns me that 
on the east eOllSt of Madagascar almost every headland 
amI low point of sand, has a coral-reef extending from 
it in a S.W. and N .E. line, parallel to the currents on 
that shore. I shonld think the iuHuence of the currents 
chiefly consisted in causing an exteusion, in a certain direc­
lion, of a proper foundation for the attachment of the coral. 
Round many intertropical islands, for instance the Abrolh06 
on the coast of Brazil surveyed by Capt. fitzRoy, and, as I 
am informed by Mr. Cumins. round the Pllilippincs, the bot­
tom of the sea is entirely coaled by irregular IIlIlSSCS of coral, 
which although often of large size, do not reach the surface and 
fonn proper reefs. This must be owing either to insufficient 
growth, or to the absenee of those kinds of corals which can 
withstand the breaking of the wavC5. , 
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'rhe three classes, atoll-formed, barrier, and fringillg 
reefs, together with the modifications just described of tbc 
l"Uer, illclude all the most remarkable ooral-formatiOIlS 
anywbere uisting. At the commencement of tbe IMt 
chapter in the volume, whcre I d('tail the principles on 
whicb the map (Platl.' J n,) is oolourOO, the exccptional Cascl 
will be ellulIlernled. 
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CIIAPTER IV. 

b this chapter 1 will give all the facts, which I have collected, 
relating to the distribution of coral-rccfs,-to the conditions 
fllvouroblc to their iocrcasc.-to the rate of thei r growth.-and 
to tbe depth at whidl tbey nrc formed . 

These subjects have an important bearing on tbe lllCOry of 
the origin of the different clnsscs of coral~rccfs. 

SECTION I. 

0.. l/u Dilln'buli01l of Coral-Retfl, and "" tit. C(f>Ii/iliO'M /,nwrab/e If) 
1".ir/"crf (J,' _ 

\VITU regard to tbe limits of latitude, Over which coral.reefs 
extend, I have nothing new to add. T he Bermuda Islands, 
in 320 Hi' N. is the point furthest removed from the equator, 
in which they appear to exist; aud it has been BUg· 

gested. that their extension so far northward in Ihis 
insto.ncc is owing to the warmth of the Gulf stream. In 
the P acific, the Loo Choo islands, in lat. 27 0 N. have ree& 
011 their shores, and there is an atoll in 28° 30', situated N. W. 
of the Sandwich Archipelago. In the Red Sea there are eoral­
reefs in lat. 30°. I n the southern hemisphere eoral-ree& 
do not extend so far from the equatorial sea. ] n the South­
ern Pacific there arc only a few reefs beyond the line of the 
tropic, but Houtmallil Abrolhos on the western shores of 
Australia in Iat. 29° 8., ere of coral-formation. 

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

T he entire absence of coral reefs in certain large areas 
within the tropical seas, is a remarkable fact. Thus no 
coral-reefs were observed, during the surveying voyaJ!CII of 
the Beagle and her Tender on the west coast of South 
America south of the equator, or round the Galapagos Islands. 
I t appears, also. that there are Ilone. north of the Equator; 
Mr. Lloyd, who surveyed the isthmus of Panama, remarked to 
me, that although he had seen corals living in the Bay of 
]>anama. yet he had never observed any reefs formed by them. 
I at first attributed this absence of reef! on the coast/! of Peril 
and of the Galapagos Islandsf, to the coldness of the currents 
from the south, but the Gulf of Panama is one of the hottest 
pelagic districts in the world.t Tn the central parts of the 
Pacific there are islands, entirely free from reefs j in some 
fC-w of these cases I have thought, that this was owing to re­
cellt volcanic action; but the existence of leefs round the 

• I have been inrormed that thi~ is the case, by Lieut. Ryder, R.N. 
and othen who have had ample opportunities for ol>sen-ation. 

t The mean temperature of the surface Ilea rrom obsen'atioDs made 
by the direction of Capt. FitiRoy on the .hores of the Galapa~ 
blands,betweenthelGthorSeptemberand Ihe20lhorOctober, 183:1, 
was6&> Fahr. The lowest ~mperature observed was ~'5at the S.W. 
end of Albemarle bland; and 011 the west coast of this il;land, it was 
Iw;ernl timet 62" and 63". The mean temperature of the sea in the 
Low Archipelago of ato\ls, lind near Tahiti, from similar observa­
tiODS made on board the Beagk, WaJI (although further from the 
equ3l.or) 77°'5, the lowest any day being 76°'5. Thererore we have 
here a difference or!f'5 in meMtempernture, and 18" int'xtreme.; a 
difference doubtletUI quite suflieicnt to alfect the distribution of orga nie 
beingain thetw08l'e8S. 

t H\IIIIboldl'l Penonal Na.rative, vol. rii.p.434. 

c The Complete Work of Charles Darwin Online 



G2 ABSENCE OF REEFS IN CEnTAIN LARGE AUEAS. [ CHAP. IV. 

greater part of IJawaii, one of the Sam\wich Islands, shows 
that recent volcanic nction docs Ilot necessarily pre\'ent their 
growth. 

In the last chapter I Slated thnt the bottom oflhe sea round 
some islands is thickly coated with li\'ing corals, which ncver· 
thcless do not fonn reefs, either from insufficient growth, or 
from the species not being adapted to contend with the 
breaking waves. 

I have been assured by sevcral people, that there arc no 
coral·reefs on the wcst coast of Africa·, or round the islands 
iu the Gulf of Guinea. This perhaps may be attributed, in 
part, to the sedimeut brought down by the many rivcrs 
debouching on that coast, and to the extensive mUll-banks, 
which line great part of it. But the islands of St. I felena, 
Ascension, the Cape Verdes, St. Paul's, and Fernando No­
ronha, are, also, entirely without recfs, although they lie f:'lr 
out at sea, are composed of thc SRme ancient volcanic rocks, 
nnd have the s.'lme general fonn, with those islands in the 
Pncific, thc shores of which are surrounded by gigantic wa1\s 
of coral· rock. With the exception of Bermuda, there is not 
a single coral reef in the central upanse of the Atlantic 
occnn. It will, perhaps, be suggested, that the quantity of 
carbonate of lime in different parts of the sea, may regulate 
the presence or reelS. But this caunot be the case, for nt 
Ascension, the waves charged to excess precipitate a thick 
layer of calcareous matter on the tidal rocks; and at Sl. 
Jago, in the Cape Verdes, carbonate of lime, not only is 
abundant Oil. the shores, but it forms the chicf part of some 
upraised post-tertiary strata. The apparently capricious 
distribution, therefore, of eoral-recfs, cannot be cxplaiued by 
any of these obvious causes: but, as the study of tlle terros--

• It might be concluded, from a paper by CliP!. Owen (Googl'llph. Jour. 
vol.ii. p.89.)tbat the rcefs off CIIPC St. Anne and the Sherooro' Islands 
... ·ereofcoral,althoughtheauthorslatesthattheyarenot\.nreiycoT_ 
I'llllinc. But (have been BBSUred by Lieut. Holland, R.N. that the&<: 
reefs are notofcorai,orllt icast thnt they do not at all resemble thOle 
intheWest lndicl. 
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trial and bellet known half of the world, must convince e,-cry 
one that DO station capable of supporting life is 1000t,-nny 
more, tbat there is a slruggle for each Slation, between the 
different orden of naturc,-we may eoncluue that in those 
PIlru of the intertropical sea, in which there are' no coral. 
reefs, there arc other organic bodies, supplying the place of 
the rcef. buildiug polypifenl. It has b«n MOwn in the 
chapler on Keeling atoll that there are somc ~1)CCies of large 
fish, and the whole tribe of llolothurill'l which prey on tllC 

tenderer parlS of the corals. On the other hand, the polypi­
fenl iii their turn must prey on some other organic beings j 
the deeI'Casc of which from any cause, would cause a IJrQ­

port ionate destruction of the living coral The relations, 
therefore, which determine the fonnatiun of reefs on any 
shore, by the vigorous growth of the cfficicnt kind~ of ooral, 
must be very complu, and with our imperfect knowleclgc 
quite incxplicahlc. From these con!idcmlions, we may infcr 
that changes in the condition of the sea, not obvious to ou r 
senses, might destroy nil the coral- reefs in one area, and cause 
them to appear in IIlIother: thus, the Pacific or Jlldian ocean 
might become lUI barren of eoml-rcef~ as the Atlnntie now is, 
\I"~thout our being able to Il5!rign any IIdcqullle cause for such 
a change. 

It has been a qucstion wi.th IIOme naturalists, which pan of 
II reef is most favourable to the growth of coral. The great 
mounds of living PorilCII IlIld of MiUepora round Keeling atoll 
occur excl llSively on the extreme verge of tile reef, which is 
washed by a eonstant succell6ion of breakenl; and living coral 
no where else fonn! IIOIKi 1lJ~ At tile Mal'llha.ll islands 
the larger kinds of con.! (chieHy specic! of Astrrea, a genus 
closely allied to Porites) " which form rocks measuring 
several fatholIlll in thickncsa," prefer, acc<Irding to ChamiSllO. , 
the most violent surf, I have stated that tile outer margin of 
the Maldiva atolls consiSIlI of living corals ( IIOme of which, if 
not all, are of the SIlme species with those at Keeling atoll). 
and here the surf i8 !O trcmendoU5, that cven large shipe ha\·c 

• KOllebue·, F int YO)'ag~, (Eng. T rarul.), ~ol. iii. pp. 142, 143.331 
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been throwD, by a single bea\'e of the sea, high and dry on 
the reef, all on boArd thul eBCaping with their Ih·es. 

Ehrenberg- remarks, that in the Ued Sea the strongest 
comls live on the outer reefs, amI appear to iO\'e the surf; 
he adds, that the more branched kinds abound a little way 
within, but thllt even thCIIC in still more protected pl~9, 
become smaller. Many orner facts having a aimilar tendency 
might be adduced. t It has, however, been doubted by MM. 
Quoy and Gaimard. wbether any kind of coral can even 
withaland, much less flourish in, the breaker.! of an open 
!!Cat: they affirm thllt the llUigenoWl lithopbytes flourish 
only where the water is tnmquil. and thc hellt intensc. This 
8lalement has passed from one geological work to another; 
lIevcrthelCllS, the protcction of the whole reef undoubtedly is 
due to those kinds of coral, which cannot e:s;ist in the situa­
tions thought by thCIIC naturalists to be most 61\'0urable to them. 
For should the OUler and living margin perish. of anyone 
of the many low coral-islands, round which a line of grellt 
breakers i9 incessantly foaming, the whole, it il scarcely p0s­

sible to doubt, would be washed IIway lind destroyed, in less 
than half 1\ eeUlury. But the vitlll energica of the corala 
conquer the mechanical power of the waves; and the large 
fragmcnu of reef tom up by every sloml, are replaced by 
the slow but steady growtb of tbe innumerable polypifers, 
which form the Ih'ing zone on its outer edge. 

From these facta, it is certain, that the strongest and most 
mll8sive corals flourish, where mostel:poscd. The Icss perfect 
BUlle of the reef of most atolls on the leeward find less uposcd 
side, compared with its state to windward; IIl1d tbe lIIIalogous 

• Eb~nbug, iibeT die Niilll' und Dildung der COnUlen Banke im 
rothtnM~Te,p.49. 

t In the Wellt Indi." u I IlDl informed by Capt. Dinl. Allen, R.N., 
h i. the eommon belief.or too.e, who aTe bett acquainted with the 
red.,lhll1theeotlllftouri5helmOllt ..... hc~frttlycxpcwed \0 the swell 
oftheollCnlea. 

I ArmalCll des ScienctiNatUl'elltl, tom. vi. pro 2iG, 2i8.-" LA oU lei 
ondes.ontagitm,lesLytophyt .... nepeuventtravailleT.pareeqll·ellea 
d ~truiraientleuntragil('ttdifieHt"&e. 
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case of the gn-ater number of brcaches on the near sides of 
tbose atolls in the Maldiva Archipelago, which afford some 
protection to each other, are obviously uplained by thm cir· 
cumstance. If the question luul beCD, nndcr what conditions 
the greater number of species of cornl, not regarding their 
bull.: and strength, were developed, I should allswer,-pro­
bahly iu the sitnatiuII8 descrihed by MM. Quoy and Gaiward, 
where tbe water is tranquil and the heat intense. The total 
number ofspccies of coral in the cireumtrollical SCIUI must be 
very great : in the Hed Sea alonc, 120 kinds, according to 
Ehrenberg,· have been observed. 

'fhe same author has observed that the recoil of the sca 
from a steep sbore is injuriolUl to the growth of coral, 
although waves breakillg over a baok are nol so. Ehrenberg 
also states, that where tbere is mnch sediment, placed &0 as 
to be liable to be moved by the waves, there is little or no 
coral; and a collection of living specimens piliced by him on 
II. sandy shore died in the conrse of a fcw days. t An 
experiment, however, will presently be related, in whicll 
SOllie large mali8Cs of living coral illcrensed rapidly in si1.c, 
after having be<!n lCeurcd by stakes 00 a Mnd-bank. That 
loose scdimcnt ~hould be injurious to the living polypifers, 
ajlpears, at first sight, probable; and accordingly, in soundiug 
off Keeling IItoll, and (as will hereal\cr be shown) off Man­
ritius, the arming of the lelfd invariablycalOc up clean, where 
the coml was growing vigorously. This lallle circumstance hIlS 
probably given rillC to a strange belief, which, llCCording to 
Capt. Owen,t is general amon(;lSt the inhabitants of the Mal­
Jiva atolls, 1l8Ulcly, thllt comls have routs, and therefore that 
if nlerely broken JOWIl to the surfllC(>, they grow up again j 

but, if rooted out, tbey are permanently destroyed. By 
this means, tbe inbabitants keep their harbonrs clear j and 
thus the French Governor of St. Mary's, ill Madagascar, 

• Ehrenberg tiber die Nittar, &e. &e. p.46. 
t Ibid. p. 49. 
r CRllt. Owen on the Geograph)' of the MaJdifi hlandi, GcogIlll)ll. 

Joumal,,·o1.ii.p.88. 
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" cleared out and made u. beautiful little port at that Illael'." 
For it i. probable that lland would accumulate ill the hollow. 
fonned by tearing Ollt the corals. but not on the brokcn 
and projecting stumps, find therefore, in the former case, the 
fresh growth of the eoml might be thuB prevenled. 

In the hUlt cbapter I remarked, that fringing reefs arc 
almost universally breached, where streams enter the sea.· 
M06t authors have attributed thill fact to the injurioUll effeet. 
of the f~h water, even where it enters die aca only in 
smaiL quantity, and during a plft of the year. No doubt 
brackish waler would prevent or retard the growlh of coml; 
but I believe that the mild and sand, whieh i8 deposited, el'en 
by rivulets when flooded, is a llIlIeh more efficient ched. 
'rhe reef, on each Bide of the ebBnnclleading into Port Loui. 
at Mauritiu., ends abruptly in a Willi, at the foot of which 1 
lOunded, and found a bed of thick mud. 1'hi. steepness of 
tbe sidet appellls to be a general character in Bueh hreachC'8: 
Cook,t speaking of one at Raiatea, says, "like all the rest, it 
is very Bteep on both eidcs.n Now, if it were the fresh water 
mingling with the 811[10 wbich prcl'entcd the growth of 
coral, the reef certainly would not temlinate abruptly; 
but &8 the polypifers nearest the impure stream would grow 
[ess "igofOusly than lhoec farther off, 50 would tlu~ reef grn. 
dually thin away. On the other hand, the sediment brought 
down from the lalld would ollly pre"ent the growth of the 
coral ill the line of it. deposition, but would not cheek it on 
the side., 50 that the reefs might increase till they overhung 
the bed of the channel. The breaches arc much fewer ill 
number, and front only the larger \'aUeys in reefs of the 
encircling barrier clllM. They probably are kept open in the 

• Lieut. Wfllsttad and IKhen ha"e remarkrd tha~ thb it the eYe in 
the Red Sell; Dr.Riippdl(Reile.inAby .. Band.Lp. I42) .yuhl!.tlhere 
llrepear-thapedlulrbounintheupraisedcoral.coast,intowhichperiodical 
Itreaml enter. From thb circumstance, I preaume, we mUll infer that 
berore the uphnval of the Itrat& no,", forming the eout.-Iand, fifth 
wllter lind ~iment entered the Ka at theR poinu; Ind the coral 
being thul prenntedgrowing, the pea ... llaped IIIIrbounwere produeed. 

t Cook'. }o'illit VOyAge, \'01. ii. p. 211.-(lIn!keswIJrth·1 Edit.) 
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IJ4me Inanner, 113 thoee into the lagoon of Rll atoll, nsmely, by 
the force of the currents and the drifting outwards of fine 
sediment. Thcir position in front of vnllc),,, although 
oftcn separated from the land by deep-water lagoon-channels, 
which it might be thought would cntirely r~lnove the inju. 
riOlls cffccts both of thc fresll watcr and the sedimcnt, wil! 
rccei,"c a simple explanation when we discuss the OJ"igin of 
barrie~reefs" 

In the vegetable kingdoln every different station hWi it. 
peculiar group of i)ianta, and similar relations appear to pre· 
\"ail with coraLs. We ha\"c already descriood the great dif­
ference betwecn thc corals within the lagoon of all atoll Rnd 
those on its outer margin. The corals, also, on the margin 
of Keeling Island occurred in zones : thus the PQrilu alld 
Milkpttra complfJIwta grow to a large lIize, only where thcy nrc 
washed by a heavy IJC&, and are killed by a short e:lp08ure to 
the air; whereas, three epeeies of Nullipora also !i'"e amicht 
tbe breakers, but arc ablc to SUT'\'ivc Uuco\'cred for. part of 
cllch tidc: lit greater dcpths, II strong ],fadrepora and Mille­
pora alcicoflli, arc the commoucst kinds; thc former appearing 
to be confincd to this PfUt: ooncalh the zonc of massive 
corals, minute encrusting corallines and other organic bodiCII 
live. If we compare the extcrnal margin of the reef at KI'<.'I­
ing atoll with that on the leeward lIidc or )Iauritius, which 
arc \'ery diffcrently circumsuwccd, we ahall find a correspond. 
ing difference in the appearanoc of the corals. At tbe latter 
place, the genus Madrcpora is preponderant over every other 
kind; and beneath the zone of massivc corals, there arc largc 
beds of Seriatopora. Therc is also a marked diffcrence, ac· 
ciJrding 10 Captain Moresby, - belween tbe great branching 
corals of the Red Sea. And thOllC on the reds of the .Maldiva 
atolls, 

These facts, which in themselves arc deserving of notice, 
bear, perhaps, not "ery remotely on n .remnrkable circum· 
Slnnce which has beel\ pointed out to mc by Cupt. Moresby, 

. ('lIl1t. Moreaby on Iht Northun Maldin AIOlll, Gcogflll,iI. JOU I'D. 
1"ol.'_I'·.f01. 

" 
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namely, tbat, willI vcry few e:xceptions, nonc of the coral­
knolls within the lagoons ofPero, Banhos, Diego Garcia ano 
tbe Great Chagos Bnnk, (all situated in the Cbagos group,) 
rise to tIle surface ortbe water; whereas all those, with equally 
few exceptions, within Solomon Rnd Egmont atolls in the 
same group, lind likewise within the large southern l\Ialdiva 
atolls, reach the surface. I make these statements, after 
having examined the charts of each atoll. In the lagoon 
of Peros Danhos, which i~ nearly twenty miles across, there 
is only one single reef which riscs to the surface: in Diego 
Garcia there arc seven, hut several of these lie close to the 
margin of tIle lagoon, and need scarcely have been reckoned: 
in the great Chagos Bank there is not one. On the other 
hand, in the lagoons of some of the great southern MaldivR 
atolls, although thickly studded with reefs, everyone 
without exception, riscs to the surface; amI on an avemgc 
there are less tllan tv,o submerged reelS in each atoll: in the 
northern atolls, however, the submerged lagoon-reefs are 
not quite 60 rare. The submerged reefs in the Chagos 
atolls generally have from one to seven fathoms water on 
them, but 60me have from seven to teD. Most of them 
arc small, with very steep sides:· at Peros Banhos they rise 
from a depth of nbout thirty fathoms, and some of them in 
the Great Cbagos Bank from above forty fathoms; they arc 
covered, Capt. Moresby informs me, with living and healthy 
coral, two and three feet high. consisting of several spceie~. 
Why then have not these lagoon-reefs reached the surface, like 
the innumerable ones in the atolls above named? If we attempt 
to assign any difference in their external conditious, as the 
cause of this diversity, we aTe at once baffied: the lagoon of 
Diego Garcia is not deep, and is almost wholly surrounded 
by illl reef; Peros Banhos is very deep, much larger, with 
many wide passages communicating with the open sea. On 
the other hand, of those atolls, in whieh aH, or nearly all 

• Some of thC6e statements were not communicated to me verbally 
by ClLpt. MOre6by. but are taken from tbe MS. account, before al­
luded to, ollhe Chagor; Group. 
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the lagoon-reefs have reached the Slufacc, somc are smail, 
others largc, some shallow, others deep, some well enclosed, 
and others open. 

Capt. Moresby informs me that he has ~een a French chart 
of Diego Garcia made eighty yt'ars before his survey, and 
apparently very accurate; and from it he iufers, that during 
this interval there has not been the smallest change in 
the depth on any of the knoll! within the lagoon. It is, 
also, known that during the last fifiy-one years, the eastern 
channel into the lagoon, has neither become nalTOwer, nor 
decreased in depth; and as there lire numerous small knolls 
of living coral within it, somc change might have been 
anticipated. Moreover, as ,the whole reef round the lngoon 
of this atoll has becn converted into land-an unparnlleled 
case, I believe, in an atoll of auch large size,_and as the 
strip of land is for considerable spaces more than half a mile 
wide-also a very unusual eirculIlStance,-we have the best 
possible e\'idence, that Diego Gareia ha! remained at its 
present level fo r a very long period. With this fact, and. 
with the knowledge, that no sensible change has taken place 
during eighty years in the coral knolls, and considering that 
every single reef h88 reached the surface in other atolls, 
which do not present the smallest appearance of being older 
than Diego Garcia and 1'eros Banhos, and which arc ]llaced 
under thc same external condit ions with them, one is led to 
conclnde that these snbmerged reefs, although covered wi th 
luxuriant coral, have no tendency to grow upwards. lind 
that tlley would remain at their present levels for an almost 
indefinite period. 

From tllC Humber of these knolls, from their position, size, 
and form,-many of them being only one or two hundred 
yards across, with a rounded outline, and precipitous sides,_ 
it is indisputable that they have been formed by the growth 
ot coral; and this makes the case much more reUlarkahle. In 
Peros Bnuhos and in the Great Chagos bank, some of these 
Illmost columnar masses are 200 feet high, and their summits 
lie only from t"·o to eigllt fathoms beneath the surface; there· 

Rl The Complete WorY of Charle~ Darwin Onl;ne 



,. [CII.IV, 

forc, a small proportional amount more of growlll would calise 
them to attain the surfnce, like lllOS<l numerous knolls, which 
rise from an equally great depth within the Maldiva aloll9. 
We can hardly suppose that time has been wanting for the 
upward growth or the coral, whilst in Diego Garcia, the brond 
annular strip of land, formed by the continued accumulation 
of detritus, shows 110W long this atoll has remained at its 
present icycl. We must look to some other cause tlHm the 
ratc of growth; and I suspect it will be found in the reefs 
being formed of different species of cornls, adapted to live at 
different depths. 

'rhe Great Chagos bank is situated in the centre of the 
Chagm group, and the l'itt and Speaker banks at its two 
extreme points. Thew banks resemble atoLls, except in their 
external rim being about eight flltbomll submerged. and in 
being formed of delld rock. with very little living coral on it: 
a portion uine miles long of the annular reef of Peros Banhos 
atoll is in the same eonditioll. These flle~ as wiU hereafter 
Lc shown, render it very probable tbat the wbole group at 
some fonner period subsided seven or eight fathoms; and 
thllt the coral perished on the outer margin of those atolls 
which arc now submerged, but that it continued alive, and 
grew up to the surface on those which arc now perfect. 
If these atolls did subside, and if from the suddenness of the 
movementorfromanyother cause, those corals wllich are better 
adapted to live at a certain depth thlln lit the surface, once got 
possession of the knolls, supplanting tbe former occupants, 
they would cxcrt little or no tendency to grow upwards. 
To illustrate this, I may observe, that if the corals of the 
upper zone on the outer edge of Keeling atoll were to 
perish, it is improbable that those of the lower zone would 
grow to the surface, and thus become cx~cd to con­
ditions for which they do not appear to be adapted. 
The conjecture. that the corals on the submerged knolls 
""ithin the Chagos atolls have analogous habits with those 
of the lower zone olltside Kecliug atoll, receives some sup­
port from a relllark hy Captain Moresby, namely, that they 
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Illwe a different appearance from those on the reeliJ in the 
l\Jaldiva atolls. which,i\B we have seen, all rise to the surface: 
he comparcs thc kind of difference to that of the vegetation 
under different climates. I havc entered at considerable 
length into this case, although unable to tluo,,! lUuch light on 
it, ill order to show that an equal tendency to Ullwanl growth 
ought not to be attributcc.l to all coral-ree&,-to those situatcU 
at different depths,-to those forming the ring of an atoU or 
those on the knolls within a lagoon,-to those in one arca 
and thOEe in another. The infcrence, therefore, that one reef 
could not grow up to the surface within a givell time, because 
Illlother, not known to be covered with the same species of 
corals, and not known to lK' placed under conditions exactly 
the hOle, has not within the same time fCached the surface, 
is ulllOund. . 

0.. Ik. Hille oj Grrnt:lh <if Coral·r.J~. 

TilE remark mooc tit the clO6C of the IllSt scetion, naturnlly 
leads to this division of our subject, which hn9 1I0t, I thiuk, 
hitbeno been cOl\sidered uuder a right point of view. Eh­
ren~ h.811 stated, tbat in the Red Sea, thc corals ouly coot 
other rocks in a layer from one to t,",o feet in thickness, or 
at most to a fathom and a half; and he disbelicves that, i ll 
any casc, they form, by tbeir own proper growth, great masses, 
stratum ovcr stratum. A nearly similar ob8crvRtion has been 
made by MM. Quoyand Gaimanl,t with respeet to tbe thick· 
11('88 of some upraised bed. of coral, which they eUDlincd Dt 
'rimor and some other places. Ehrenbergt saw certain large 
1I\8..'JSive corals in tbe ned Sea, which he imngincs to !Je of 
luell "lISt antiquity, that they might have been beheld by 
"pharaoh j and aceording to .Mr. Lycll§ there nrc certain eornls 

• Ehrenberg, !IIIberoreeited,pp. 39,46,nfHI !IO. 
t Annales des SdeneH, Nat. tom. ~i. p. 28. 
I ~:hrenberg.llt'\lp. po 42 
J Lyel\"PriadplH or Geology, Book iii. ~h. uiil 
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at Bermuda, which arc known by tradition, to hay!) been 
living for centuries. To show how slowly coral-reefs grow 
upwards, Captain Beeche),· hus adduced the case of the 
Dolphin Reef off Tahiti, which has remained at the same 
depth heneath lhe surface, llllmcly. about two fathoms and a 
half, for a pcriod of sixty-seven years. There arc reefs in 
the Red &a, which certainly do not appcart to have increased 
in dimensions during the lust half century. and from the 
comparison of old charts witll recent surveys, probably not 
during the last Iwo hundred years. These, and other similar 
facts, have so strongly impressed many with the belief of tbe 
extreme slowness of the growth of corals, tbat they ba\"c even 
doubted the possibility of islands in the great oceans having 
been formed by their agency. Oth('1'S lIgain, who have not 
been overwhelmed by this difficulty, have admitted that it 
would require thousands, and tens of thousands of years, to 
form a IDaIlII even of inconsiderable tilickn('ss; but the sub­
ject has not, I believe, been viewed in the proper light. 

That masses of considerablc thickness ha"c been formed 
by the growth of coral, may be inferred with certainty from 
thc following fact3. In the deep lagoons of Peros Banh08 
:lIld of the Great Chngos bank, there arc, 1\8 already described, 
~mall steep-sided knolls covered with living coral. There 
are similar knolls in the southern :Maldiva atolls, some of 
whicb, lIS ClLlltain Moresby assures me, are less than a hun­
dred yards in diameter, and rise to the surfnce from a depth 
of between 250 and 300 feet. Considering their number, 
form nnd position, it would be preposterous to suppose that 
they are based on pinnacles of an,. rock, not of coral forma_ 
tion; or that sediment could havc been henpcd up into snch 
smnll and steep isolated COlles. As no kind of living coral 
grows abovc the height of a few fect, we arc compelled to 
suppose that these knolls have been formed by the sueeCf.<:!ivc 
growth Dnd dCDth of many individnals,-first onc being 
broken off or killed by some accident, and then another, and 

• D~heY'IYoyagetolhtl'a.ci!ic,ch.viii. 
t Ehrenberg,ut.ul'·l'·-I3· 
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oue set of species being replaced by another set with different 
habits, as the reefrosc nearer the sumlee, or as other changes 
euper ... cned. The spaces between the corals would become 
fllled up with fragmentll and sand, and such matter would 
probably soon be consolidated, for we learn from Lieut. 
Nelson,· that at Bermuda a proccss of this kind takC8 place 
beneath water, without the aid of cvaporation. In reefiJ, also, 
of the barrier elllSS, we may feel sure, as I have sllOwn, that 
masses of great thickness have been formed by the growth 
of coral; in the case of Vanikoro, judging only from the 
depth of the moat between the land and the reef, the 
wall of coral-rock must be at least 300 feet in vertical 
thickness. 

It is unfortunate that the upraised coral islands in the 
Pacific have not been examined by a geologi~t_ The cliffs 
of Eli~abcth lsland, in the Low Archipelago, arc eigllty feet 
high, and appear from Captain Beeehey's description, to con­
sist of a llOmugcncous coral rock. From the isolated position 
of this island we may safely infer that it is an upraised atoll, 
and thcrefore that it has been formed by masses of coral, 
grown togethcr: Savnge 1lland !Wcms, from the description 
of the younger Forstcr,t to have a similar 8tructure, and 
ita shores are about forty feet high; some of the Cook Is­
lands also appeart to be similarly composed. Capt- Belcher, 
R.N. in a letter, which Capt. Beaufort showed mc at the 
Admiralty, speaking of Bow atoll, says, "I have succeeded 
in boring forty -fivc feet through coral-sand, when the auger 
became jammed by the falling in of the ~urrollnding creamy 
matter." On one of the Maldiva atolls. Capt- Moresby 
bored to a depth of twenty-six feet, when his auger also 
broke: he has had the kindness to give me the matter brought 
up; it is pcrfectlywhite, and like finely trituratcd coral-rock. 

In my description of Keeling atoll, I have gi'rcn some 
facts, which show that the reef probably has grown out_ 

• Geologieal Transactions, vol. ,·.p.113. 
t Fonter·. VO)'age round the World .... ith Cook, "01. ii. pp. IUS, 161. 
! WiIliamll'NafrativeorMiSliionaryEntcfl)rize,p.30. 
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wards; and I. found, just within the outer margin, the great 
mounds of Porites and of Millepora, with their summits 
lately killed, and their sides subsequently tlliekcned by 
the growth of the roml: 8 layer, also, of Nlillipora bad 
already coated thc dead surface. As thc external slope of the 
reef, is the same round the whole of this atoll, and round 
many other atolls, the angle of inclination must result from 
Ull adaption between the growing powers of the roral, and the 
force of tile breakers, and their action on the loose sedimcut. 
The reef, therefore, could not increase outwards, without a 
nearly equal addition to every pMt of the slope, &0 that the 
original iuclination might be prescn'cd, and this would re~ 
quire a large amount of sediment, ull derived from the wear 
of corals and shcth, to be added to the lower part. Moreover, 
at Keeling atoll, and probably in many other CllSCS, the dif. 
ferent kinds of corals would ha\'e to encroach on each other; 
thns the Nulliporoo cannot increase outwards without en~ 
eroaching on the Porites und Jl1'1lqw(I, compluna/a, as is now 
taking place; nor thcse latter without eneroochiug on the 
strougly branched Madrepora, the AlilleJKll'a alcicorni6, and 
sOIDe Astrreusj nor these again without a foundation being 
formed for them within the requisite dept.b, by the accumu­
lation of sediment. How slow, then, must be thc on;linary 
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 recf has inercsseu considerably in width. Thc 
land has thc cxtraordinary breadth of three mile~ j it consists 
of parallel ridges of shells and broken roral.'!, which furnish 
.. an incontestable proof," II.!! observed by Cook,· "that the 
island has been produced by accessions frOIn thc sea, and is 
in a state of increase." The land is fronted by a coral. 
reef, and-from the manner in which islets arc known to be 
formed, we may feci confident that the reef WII8 not three 
miles wide, when the first, or mOISt backward ridge, was 

• Cook's Third Voyage, JJook iii. oil. I, 
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thrown up; and, therefore, we must conclude that the reef 
hIlS grown outwards during the accumulation of the succe!!llive 
ridges. Here then, 8 wall of eorol-rock of 'Icry considerable 
breadth has been fomled by the outward growth of the 
living margin, within a period, duriug which ridges of shells 
and corols, lying on the bare surface, have not decayed. 
'l1lere can be little doubt, from tbe account given by Capt, 
Beechey, dlSl Matilda atoll, in the Low Archipelago, has 
been converted in the space of thirty.four years, from being, 
as described by the crew of a wrecked whaling vessel, a "reef 
of rocks," into a lagoon island, fourteen miles in length, 
with «one of its sides cO\'ered nearly tbe whole way with 
high trees. .. • The isleta, also, on Keeling atoll, it has been 
allOwn, have increased in length, and since the construction 
of an old chart, several of tbem have become united into one 
long islet: but in this case, and in that of Matilda atoll, we 
have no proof, and can only infer as probable, that the red, 
that is the fouudation of the isletB, has increased 89 well 89 

theislcts themselves. 
After tllCsc considerotions, I attach little importance, as 

indicating the ordinary and still less the possible rdle of ouluxlrd 
growth of coral.reefs, to the fact that eertaiu reefs ill the 
Red Sea have not increased during a long interval of time; 
or to other such cases, as that of Ouluthy atoll in the Caro­
line group, where every islet, described a hundred years be­
fore by Cantova, was found in tlle same state by Lutke,t­
without it could be shown that, in these cases, the comlitions 
were fnvoumble to the vigorous aDd unopposed growth of 
the eorols living in the different zones of depth, and that a 
proper basis for the extensioll of the reef W89 prcseDt. The 
former conditions must depend on Dlllny contingencies, and 
in the deep oceans where coral fonnations most abowld, 

• Beechey'sVoyagetothePacific,eh.vii.o.ndviii. 
t F. Lut.k~·. VO)"llge autour du mQnde. In the group Elato, ho\\·· 

ever, it appeal'S that what is now tile islet Falipi, is called in Cantova'~ 
Chart, the Bane de Falil,i. It is not stated whether Illis h<UI been 
caused l>y the growth orroral,or loy the acculDulatiou or sand. 
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n bMls within the fC<luisitc depth CIIli rorely be pre· 
sent. 

Nor do I attach Rny imPortance to the fact of certain 
lIubmerged reefs, flIJ those off Tahiti or those wilhi'l Diego 
Garcia, not now being nearer the surface dum they were 
mauy years ago, as nn indication of the rate under favourable 
circumslllllcesof the wptcard growtb ofreefsi afteril has been 
shown, that all the l'C(!fs ha\"c grown to the surface in some of 
the Chagos atolll!, but that in neighbouring atolls, which appear 
to be of equal antiquity and to be C.lIKISCd to the same ex· 
tcrnal conditions, every reef remains s\1bmerged; for we nre 
almost driven to attribute this to a difference, not in the role 
of growth, but in the habits of the corala in the two cases. 

In an old-llUlnding reef, the corals, which are 80 different 
in kind on dilfcrent partll of it, are probably all adapted to 
the stations they occupy, and hold their places, like other 
organic beings, by a struggle one with another, and with ex­
ternal nature; hence we may infer tllat their growth would 
geneml1y be slow, CJ:.cCl)t under peculiarly favourable eir­
eUlllstanee8. Almost the only natural condition, allowing II 

quick upward growth of the whole surface of a reef, would 
be a slow sub&.idence of the area in which it litood ;-if, for 
instance, Kceling atoll were to subside two or three feet, ean 
we doubt that the projecting mllrgin of live coral, about half 
lin inch in thickness, which Burrounds the dead uppcr surfllCeB 
of the mounds of l~orites, would in this ell!3e form" concentric 
layer over them, and the reef thus increase upwards, instead 
of, B.II at present, outwirdlI1 The Nulliporre arc now en­
croaching on the Porites and lIillepom, but in this case 
might we not confidently expect that the lllttcr would, in 
their tum, encroach on the Nullipom:? After a subsidence 
of this kind, the !lea would gain on the islctll, and the grellt 
fields of dead but Ul)right corals in the tngoon, would be 
covered by n sheet of clear wllter; and might we not thell 
CJ:.p'eet that these reefs would rise to the surface, as they 
aneicntly did when the lagoon was lcas confined by isleta, 
and all they did within a period of tell yean in the schooner-

(c) The C mole e W rk f I ~ rWln n I 
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cilanoci, cut by the inhabitnnts. In one of the Maldiva 
atolls, a reef, whicll within a very few years existed as an 
islet bearing COCQa-nut trees, was found by Lieut. Prentice 
"tIltirely covertd with live coral and Madrepore." The natives 
believe chat the islet was washed away by a change in the 
currents, bnt if, instead of this, it had quietly subsidcd, 
surely every part of the island which offered a solid foun­
dation, would in a like manner have' become coated with 
living coral. 

Throngh liteps snch 3.S these, any thiekDess of rock, com­
posed of a singular intermixture of varionll kinds of corals, 
shells, and calcareous sediment, might be formed j but with­
ont subsidence, the thickness wuuld nccCliliarily be determined 
by the depth at which the reef-building polypifel'8 can exist. 
If it be asked, at what rate in yelllll I IiUpPOse a reef of coral 
favourably eirenmSUlneed could grow up from a given depth j 

I should answer, that we have no precise evidcnce on this 
point, and comparatively little concern with it. We see, in 
innumerable points oyer wide areas, that the rllte has been 
sufficient, either \0 bring up the reefs from various depths to 
the surface, or, as is more probable, to kcep them at the sur­
face, during progressive subsidences j lind this is a mnch more 
important standard of comparison than any cycle of years. 

It may. however. be inferred from the following facts, that 
the rate in years UDder favourable eircumlitances would be 
very far from slow. Dr. Allan of Forres }U\S, in his MS. 
Thcsis deposited in the library of the Edinburgh University, 
(extracts from which I owc to the kindness of Dr. Malcolm­
son.) the following account of some c:<perimenls. which he 
tried during his trnvels in the yCIlIll 1830 to 1832 on tIle East 
Coast of Madagns<:ar. "To asccrtain thc rise and progress of 
the cornl family, and fix the Dumber of specie\! met with 
at Fonl Point (Lat. 17" 40') twenty species of coral were 
taken off the reef and planted apart on a sand-bank II/ree 
feet deqJ at low teut". Each portion weighed t~n pounds, and 
was kept in its place by stakes. Similar rjuantities werc 
I)iaced in a e1ump and secured as the rest. This was donc ill 
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December 1830. In July following, each detached mllS6WM 

nearly level with the sea at low water, quite immoveable, lIud 
several feet long, IItretching, as the parent reef, with the coast 
current from north to south. The masses accumulated in a 
clump were found equally increased, but some of the species 
in such unequal mtios, as to be growing over each other." 
The loss of Dr. Allan's magnificent collection by shipwreck, 
unfortunately prc'I'cnls its being known to what genera these 
corals belonged; but from tbe numbers experimented 011, it 
is ccrtllia that all the more conspicuoWl kinUs must have been 
included. Dr. Allan infonns me, in a letter, that he believes 
it Wall Il Madrcpora, which grew most vigorously. One may be 
pcnnittcd to suspect that the level of the sea might possibly 
have been somewhat different at the two stated periods j 

nevertheless, it is quite evident that the growth of the ten­
pound masses, during the six or seven months. at the end 
of which they were found immoveably fixed· and sc\'cral 
foot in length, mnst have been vcry great. The fact of the 
different kinds of coral, when placed in one clump, having 
increased in extremely unequal ratios, is \'ery interesting, WI 

it shows the manner in which a reef, supporting many species 
of coral, would probably be affedcd by a chan~ in the ex­
ternal conditions favouring one kind more than another, The 
growth of the masses of coral in 1S", and S. lines para11cl 
to the prevailing currents, whether due to the drifting of 
sediment or to the simple movement of the water, is, also, a 
\'ery interesting circUlI\lltance. 

A fact, commWlicalcd to me by Lieut. We]Jstead, IN., in 
BOrne degree corroborates the result of Dr. Allan's experiments: 
it is, that in the Persian Gulf a ship had hcr copper bottom 
encrusted in thc course of twcnty mont4s with a layer of 
coral, tuxJ feet in thickncss, which it required great force to 
fCmovc, whcn dIe vessel was docked: it was not a.sccrtnincd 

• It ill stated by Mr. De la B«he (Geological Mllnual, p. 143.) on the 
authority of Mr. L1oy,t, who surveyed the hthmu8 of Panama, that 
some specimen! ofPoly\>ifeTll, placed by him in a sheltered pool of 
water, were f(mnd in the COll'W Qfa few dllysfirmly tilted by the !i«re· 
tiQROf astQny nlatter, to the oouQm. 
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to what order this coral belonged. The case of the schooner· 
channel, choked up with coral in an interval of less tllan ten 
years, in the lagoon of Keeling atoll, should be here borne in 
mind. We mny also infer, from the trouble which the in­
hahitants of the MaldivlI atolls take to root out, I\S they ex· 
press it, the coral, knolls from their harbours, thnt their 
growth can flRrdly be very slow.-

From the fnets given in this section, it may be concluded, 
first, that considerable thicknesses of rock have certainly 
been formed within the DfCscnt geological rora by the growth 
of coral und the accumulation of its detritus; and, sccondly. 
that the increase of individual corals and of reefs, both out 
warda or horizontally and upwanls or ,'enicaUy, under the 
peculiar conditions favourable to such increase. is not slow, 
when referred either to the standard of the average ascii· 
lations of levcl in the earth's crust, or to the more precise 
hut less important one of a cycle of years. 

• Mr. Sluchbury (West of England Journal, No. I. p, 50.) hl\ll de­
ecribed a specimen of Agnricia," weighing 211M!,9 Ot. whiehsurromHIll 
II species of o),8ter, whOle age could not be more than two rears, and 
)'et ilcomplctely enveloped by this dense coral." I presuPle that the 
o),ltel' \\,111 living when the specimen WM procu~; other"'ise the 
fact tdls nothing. Mr.Stuchbury also mention" an Ilnchor, .... hid, 
lLRd~meentirdrenclUljted .... ithcoralinfifty)'ean;othercase8, 
howevCf, are recorded of andlOl1I .... hich ha,'c long remained amidst 
coral reefs "ithout having ~me coated. The anchor of the &dgk, 
in 1632,after having been down elllllCtl), one month al Rio de Janeiro, 
WILlI 50 thickl), coated by two fipeeie8 of Tuhularia, that large sJXI"etL 
of the iron were enti~lyconeealed; the tuns of this hornywophytc 
\I'ere bet,,·ceo t,,'oand three inches in I~ogth, It has been attempted 
tocompute,but l believeerroLLcously,therateofgrowthofarcef,from 
tile ract mentioned by Capt, Decehey or the Chama gig(U being ~m­
bedded in coral rock, But it should be remembered, that IIOme 
apecieIL of this genus im'ariably Ih'e, both whilst young and old, in 
cavities, which the animal hM the po .... er of enlarging .... ilh ita 
gro .... th. luw man)' of these ahelll Ihua embedded in the outer 'lIat' 
of Keeling atoll,which is comp06c:d of dead rock; andthcrcforethe 
cavitiesiuthia~hadnorelationwhalevcrwiththegro",thofeornl. 

M. Ln.Ion, also, !]J<!akipg of this shell (Partie Zoolog, VOYlL8c de la 
Coquille) hili remarked, "que constammcnl 5CII valvel! ~laicnt eng<'lg ..... 
compUtemc:otdaD.li la m>aae de' Madrepores," 
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I DA.VE already dcecribed in detail, which might have ap­
peared tril' ial, the nature of the bottom of the sea immedi· 
ately surrounding Keeling atoll; and I will now describe with 
almost equal care the lOundings off the fringing reefs of Man· 
rilius. I have preferred this Ill'mngemenl, for the sake of group'" 
illg together facts of" similar nature. IBOullded with the wide 
bell.shaped lead which Capt. FilzHoy used at Keelillg Island, 
but my e:u.mination of the bottom was confined to a few 
mile! of coast (between Port Louis and Tomb Bay) on the 
leeward ~ide of the island. The edge of the reef is fonned 
of great ahapclC!!S IllastlCl of branehiog Madrepores, which 
chiefly consist of two species,-apparelilly 1l[ COf'!lmbosa amI 
pocillifero,-mingled with a few otller kinds of coral. These 
ma88C! are scparnted froUl each other by the mOllt irregular 
gullies "nd cayitie!, into which the lead ainu many feet. Out· 
sidc this irregular border of Madrepores, the water deepens 
gradually to tweoty fathoms, which depth gencmlly is found 
at the distance offrom half 10 three quarters of a mile from the 
reef. A little further out the depth is thirty fathoms, and 
thenee the bank slopes rflilidly into the delltlis of the ocean. 
'fhis inclination is very gentle compared witll that outside 
Kecling and other atolls, but comp"rcd with lIlost eoas", 
it is steep. The water was 110 clear outside the reef, 
that I could distinguish Cl'ery object fonning the rugged 
bottonl. In this part, and to a depth of eight f"thoms. I 
BOunded repentedly. and at each Cllllt ponnded the bottom 
with the broad lelld, nel'ertheleSIJ the arming invariaUly 
came up perfectly clean. but deeply indented. From 
eight to fifieell fathoms a little calcareO!!1 BlInd was occa· 
sionally brought np. but more frC(lucntiy the arming was 
iimply indc'~led. 1.11 all thi, space the two Madreporesabo"e 
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mentioned, and two specics of Astrrea, with rathcr large­
stars, seemcd thc commonest kinds; and it must be noticed 
that twice at the depth of 15 fathoms, thellrming was marked 
with a clean impression of an Astrrea. Besides these litho­
phytcs, some fragments of the Millepwa aldC()T'1li$, which 
occurs in the same relative position at Keeling Island, were 
brought up; and in the dI'Cper parts there were large beds of 
a Scriatopora, different from S. subulata, but closely allied to 
it On the beach within the reef, the rolled fragments con­
sisted chiefly of the corals just mentioned, and of a massi\'e 
Porites, like tllal at Keciing atoll, of a Meandrina, Plleil­
lopora v~rrUCO$/l and of Ilumerous fragmcuts of Nullipora. 
From fifteen to twenty fathoms the bottom was, with few 
exceptions, either fonned of sand, or thickly cm'ered witu 
Scriatopora; tuis delicate coral seems to form at these 
depths extensive beds, unmingled with any other kind. At 
20 fathoms, one wllnding brought up a fragment of Madre­
pora apparently M. podllifn-u, and I believe it is the same 
species (for I neglected to bring specimens from both sta· 
tions) whieh mainly forms the upper margin of the reef; if so, 
it grows in depths varying from 0 to 20 fathoms. Between 
twenty and thirty-three fathoms I obtained several soundings 
and they all showed a sandy bottom, with one exception 

• Since th~ pr~tding pagts ,..~re printed off, I have received from 
"Mr. Lyell 11 very interesting llall1.phlet, entitled Remarb upon Coral. 
}<'ormationll,&c., by J. Couthouy, Boston, UniledStatts, 1842. Therei, 
a ,tatemenl (p.6), on the authority of the Rev.J. Williauul,oorrohorat· 
ing the rema~ks made by Ehrenberg and Lyell, (p. 71 or thi8 "olume,) 
on the antiquity of certain indhidual oorala in th~ Red Sea and at 
Bermuda! namely,that at Upolu, one of the Na\"igator iillandJ, "par· 
ticular elumps of coral are known to the fishermen by name, derived 
from either IKIme particular configuration or tradition II.!tachcd to them, 
lind handed down from lime immemorial." With rtflpect to the thick· 
nCOlSofm88llesofcoTIII·rock, itdearlyappeal"l, from the descriptiolls 
given by Mr. CoutiJouy (pp. 34,58), that Mangaill and Aurom islands 
are npmised atol18, compo$Cd of oornl-rock: the l~vd lummit of th~ 
former i8 ahout 300 f~t, and that of AuroTII island ill 2(lQ f~t above 
the8(!a·l~vd. 
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8t 30 fathom!, when the arming came up ICOOped out, 88 if 
by the margin of a large Caryollhyllia. Beyond 33 falhoma 
1 sounded only once; and from 86 fathoms, at the distance of 
onc mile and 8 third from the edge of the reef. the arming 
brought up calcareouR sand with a pebble of volcanic rock. 
The circumstance of the arming having invariably come up 
quite clean, ",hen lOumling within a certain number of 
(lUbums off tbe reefs of MauritilL!l and Keeling atoll (eight 
(BlhoIDS in the fonner case, and twelve in the latter), and of 
ita having always come O\l (with onc exception) smoothed 
ami covered with sand, when tbe depth exceeded 20 fathoms, 
probably indicates a criterion, by which tbe limits of tbe vigor­
ous growth of coral might in all cases be readily ascertained. 
I do not, however, suppoee that if a V881 number of lIOundings 
were obtained round tbceo islands, the limit above assigned 
would be found Dever to vary, but I conceh'e the faclB are 
sufficient to show, tbat tbe e:a:ceptiolU would be few. The 
cireum~tance of a gradUQI change, in the two cases, from 
II ficld of clean coral to a smooth sa.ndy bottom, is far more 
important in indicaling the depth at which the larger kinds 
of cornl flourish, tllan almost any number of separate 
observationa on the depth, at which certain species have 
been dredged up. For we can underslBnd tbe gradation, 
only III a prolonged atruggle against unfavournble conditiona. 
If a person were to rmd tbe soil clothed with turf on the 
banks uf a stream of water, but on going to some distance 
on Olle side of iI, he ob!!crved the billdell of grflS8 growing 
thinner and thinner, with intervening patchel of sand, until 
he entered a desert of sand, be would safely conclude, espe­
cially if changes of the .. me kind were noticed in other 
placea, that tbe pretiCncc of the waler Willi abaolutely nC(:~ 
sary 10 tbe formation of a thick bed of turf: 110 may we 
conclude, with the same fCt!ling of Certainty, that thick beds 
of cOfal are formed only at amlin depths beneath the surface 
of the sea. 

I hllve endeavoured to collect every fact, which might 
either invalidllte or colToborate this conclWlion. Capt. Mores-
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by, whose 0PIXlrtunitics fo r observl\t ion Juriug hia survey of 
tho Maldiva aud Chagoe Archipelagoes have been unrivallCf.l, 
informs me, that the uppcr part or zone of the Btee~ided 
reefS, on the inuer and outcr coaatl or the atolls in both 
groups, invariably consists of cornl, and the lower parts of 
sand. At 8O"ell or eight fathoms depth, the bottom ill 
fonned, as could be &Cen through die clear water, of grellt 
l i'l'ing masscs of coral, which at about ten fathoms generally 
stand «ulle way apart from each other, with patchcs of white 
sand between them, and at a little greater depth these patehCll 
become united into a smooth Btcep slope, without any 
coral Capt. Morcaby, also, infonns me in IUpport of hi!! 
atatement, that be found only decayed coral on the Padua. 
Bani. (northern part of the Laccadive group) which hM All 
ftve~ depth between 26 and 36 fathoms, but tl1ftt on'tlOmc 
other banks in the same group with only ten or twelve 
fatbOID8 water on them, (for instance, the Tillacapcni bank), 
the coral was living. 

With regard to the eorlll-reefa in the Red Sea, Ehrenberg 
has the following pllSllage. "The Ih'ing cornia do 1I0t de­
&Cend tbere into great depths. On the edges of islets I\nd 
ncar ree&, where the depth WIIS arnall, "cry mAny li\'(·d j 

but we found no moN' even at six fathoms. The penrl­
fishers at Yemen and :Ml\SSI!.ua BSllCrted that there Willi no 
coral ncar the pearl-banks at nine fnthoms depth, but ooly 
Mod. We were not able to institute any more special 
researehea.... I am, bowe,'er, USl.ucd both by Captl\in 
Moresby amI Lieut. Well~teR(l, that in the more nortllem 
paru of the Red Sea, there are exten~ive beds of li\·ing 
coral at a depth of 26 fatboms, in which the anchon of their 
'l'esscu were frequently entangled. Captain MOfCllby attri­
butes the leM depth, at which the corala are able to live 
in the places mentioned by Ehrenllerg, to the greater quan­
tity of sediment there j I\nd the situations, where they were 
fiouriahing at the dcpth of 26 fathoms, were protected, and 
the water W8.i extraordinarily limllid. On the leeward !lidc 

• Ehl't"n~rl!' uber di~ Nlltur, &c p.OO. 
G 2 
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of .Mauritius where I found the coral growing at a somewhat 
greater depth than aL Keeling atoll, the sea, owing apparently 
to iUl tranquil state, was likewise very clear. Within the 
lagoons of some or the Marshall atolls, where the water can 
be but little agitated, there are, according to Kotzebue, 
living beds of coral in 25 falboms. From these facts, and 
C<lnsidcring the manner in which the beds of clean coral off 
Mauritius, Keeling Island, thc Maldiv8 and Chagoo atolls, gra­
duated into a sandy slope, it appears very probable that tIll' 
depth, at which reef-building polypifcrs can exist, is partly de­
termined by the extent of inclined surface, which the currents 
of the sea and the recoiUng waves have the power to keep free 
from sC'diment. 

MM. Quoy and Gaimanl· belie,'c that the growth of coral 
is confined within very limited depths; and they state that 
they never found nny fragment of nn Aslrrea, (the genus they 
consider most efficiellt in forming reefs) at a depth above 25 
or 30 feeL But we have seen that in several plu.ct's the bottom 
of the sea is pa\'cd with massive corals at more than twice 
this dcpth; and at 15 fathoms (or thrice this depth) off the 
reefs of Mauritius, the arming WIIS marked with the distinct 
impression of a living Astrrea. Millepora aldCOTn.i$ lives ill 
from 0 to 12 fathoms, and the genera Madrepora and Scria­
topora from 0 to 20 fatboms. Capt. Moresby has given me a 
specimen of Sideropora scabra (Porites of Lamarck) brought 
up alive from 17 fathoms. Mr. Couthouyt states that he hIlS 
dredged up on the Bahama banks considerable masses of 
Meandrina from 16 fathoms, and he has seen this coral 
growing in 20 fathoms. A Caryophyllin, half an inch in 
diameter, was dredged up alivc from 80 fathoms off Juan 
Fernandez (Lat. 33° S.) by Capt. P. P. King: t tllis is the 
most remarkable fact witIl which I am acquainted, shewing 
the depth at which II genus of corals often found on rcefi!, 

• Annales des Sci. Nat. tom. vi. 
t Remllrlut on Cornl Formations, p. 12. 
t I Ilm indebted to Mr. Stokes for tmvingkindlycomnmnicllltdthil 

(act to me, together with much other valuable infonnation. 
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can exist.· We ought, however, to feeileM surprise at this 
fact, as Caryopbyllia alone of the lameUiform genera, ranges 

• I ,,·m record in the fontl of s note all the fllCl$ that I have been 
able to collect on the depths, both within and without the tropia, 
at which tIL,*, coroi.'! fLIld corallin ... can live, which there ill no 
reaaon to suppose ever materially aid in the construction of II reef. 

Scrtularia. . . J' 40 'C~pe Hom G6" [Where none is 

C~~lar~a minnt~ l\Car\~t enc~t. ditto Dmo :!~~tio~h~ ~; 
ing species, found !ivllI 100 Kecling At. 12" own.) 

" An allied, small stony in 1 
A coro~cn:i~~J°': yincuiarla, 4S S. Cruz Ri ... 

"ithcightrowsofcei.is. fl Cape Horn 
'ful.miipora,neartoT. patma d,uo Diuo 

Do. do.. . 94 EaII!Chiioe 43'> 

Cell:\~~ 1S::b..e;~c8rcC;:":I~ 40 iCape Horn I 
Ditto • . • { ~d } C,!;,!nOll Arch. 

~~:ra : l{'~~~~ 
])itto . 4S S.Cru.zR.!'JO" 
Retepora 40 .Cape Hom 

Ditto... lOO lc.;;~HOI"le 

·.Millcpora, 8 strong coral With} 
c~'lllIdrical bmnchea, Of.& 94 E:Chiloe43" 
plllI <:0100., shout two and Tie"" del 
Illcheshigh,resemblingm 30 l>'uegot>3" 
tILe form or its orifices M. 
a51"lemofLu.IlllU"<;I • 

{

QUOyandGai. 
mard, Ann. 
Scicn.Nat., 
t.vi.(,.284. 

CoraIium 
{

peYSSOnel in 

l:ll Barbary 33" N. r;;~ ~e:; 

Gorgonia (or an aUied form) . 

May, 17~2. 
16 ChonOl45° 

Ab IlL {~apt.Betche., 
160 {ll'i:il:~~f ~t~Ws1actn:~ 

a letter. 

Antill8tILes 

Elli. (NIlL Hist. of Cora.lline, p. !JoG) states that Ombellularia "'lUi 

procured in Ia.t. 7!f' N. 'lic1~'ng to a liM from the depth of236 fathoms; 
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fur beyond the tropica; it is fouDd ill ZetiantI* in Lat. 60" 
N, in deep water, and I l'I'OCUrcJ. a small species from 'l'ierrn 
llel Fuego in I...at. 63" S. Capt. Deeehey informs me, thnt 
urRnehes of pink and yellow coral were frequently brought 
up from between 20 Iud 2.5 fathoms off the Low atolls; antI 
j,ieut. Stokes writing to me from the N . W.coastof Austnllill, 
My' that II strollgly branched coral Wall procured there from 
30 fathoms: unfortunately it i. not known to what genera 
these corals belong. 

Although the limit of depth, at IO'hieh each particular kind 
of eorol ceases to exist, is far from being accurately known; 
yet when we bear in mind the manner in which the clumps 
of coral gradually Uccame infrequeDt at about the wme depth, 
and wholly diwppcarcd at a greater depth than 20 fathoms, 
on the slope round Keeling atoll, on the leeward side of the 
Mallritill!, and at mther Ie. depth, both witbout and within 
the Atolls of the Maldil'a and Chagos Arehipelagoc~; and 
when we know that the reefs round these islauw do 110t 
differ from other eornl formations in their form and structure, 
11'e may, I think, conclude that in ordiuary cases, reef­
building polypiferll do not flourish at greater depths than 
between 20 and 30 fathoms. 
hmee this ooral either muat hue ~ Boating 1_, Or was entangled 
in Itmy line at the bottom. 08' Knling atoll" eompound A..::idia 
(Sigillina)'11'811 91'Ought up frum 39 fllthoms, lI.ud a pi~cc of sponge, 
apparently living, from 70, Rnd a fragment or Nulliporn also appn_ 
rentlylivingfrom92fRtllOtlll. Alagrellterdevththo.n90flltbomlolf 
Ihisooral-i..land, Ihe boitoln lliM tl'icldy Itrellied with joinl$ of Hali_ 
meda and _1111 fragment. of other N'ullipone, bUlali dead. Capt. H. 
AUen, R_ N., inform. me that in the iUl\-ey of Ihe Wen ludie. it 1 ... 1., 
nOlietd,that bl't..-nn the del)lhof IO&lld200fatholIll,thellollllding­
le8(\,-etyg!:nel'lllly o:ame Up,OOII\ed ,,-itil the dead joinll ora Hlllimroa, 
of ,,-hich he she"'ed me IptcimtnL Off Ptmambul:O, in BrariI, in 
about 12 (athoml, the bottom ,,'U l:O.ered with fragmenlll dead and 
alive of n (\ul1 red NuIliI'OTa, &lid 1 inlerfrom ROllMin'sehart,that a 
bottom of this kiud extends over a wide &n'a. On thebeaell,witltin 
the ooral-reefa of Mauritilll, vast quantitiCiof fragmcnll of NulHporw 
wtrt(liled up. From theR facta it .ppea .... that thNl: limply orp­
n;I('I1 bodiea are amonpt the tnOItabundaotllfOllueliOlUIof the IK'L 

~'lelllillg'1 Hriti.h Animal., gt'DIlI> Cal)·ollhyllia. 
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It has becn argued- ~hnt reera may possibly rise from very 
great del)th8 through the mean8 of email corals, first making a 
llialfonn for the growth of the stronger kinds. This, howcn:r, 
is an arbitary supposition: it ill not always remembered, that 
in such cases there is an slltagonist power in action, namely, the 
decay of organic bodies, when not protected by a covering of 
sediment, or by their own rapid growth. We have, mOl"C()ver, 
no right to calculate on unlimited time for the accumulation 
of 5mall organic bodies into great ffiaB5CS. Every fact in 
geology proclnims that neither the land, nor the bed of the 
aca retain for indefinite periods the !lame le\·el. A8 well 
might it be imagined thst the British SeIlS would in time 
become choked up with bed9 of o)"ltel"8, or that the numerous 
!mall cornllincB off tbe inhospitable sbores of Tierra del 
l~uego would in time form a solid Ind elttensive eornl·reef. 

• Journal of the Roral Geograph.~. 1831, r. 218. 
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CHAPTER V. 

Tit, "I/JIlt <if lA, ltJ~gff (lrcltipt/(Jgou ..... _Iontt«/..". ",b_gtd cTa/n" 
or OIl iHmkl of ItdilfWOl_lmmml' "IWU inlff#J>", td !ritlt (JloIU-Th~ir 
'wNrdmu-T"~ ~1f~I' of 1I<mfl6 "lid MrU''1wdtl OIl atoll_Rtcml 
d'''''gu;It IMiT ",,1_ Tit. ""gi" 011>a"~_r«I' litld of .. tlllU-Tlutr 
..,uu,u/ __ T/t$ "7"lora«J Ws- -a ~ I'fIfUId 1M ........ 0/ 
_~Tk "."~-f.w.«J rwf' of 11w ,II..uiNldolU-TIM~ 
.... gtd ~iticR of par" or of ,"" ocAok of _ "'''lIUrr IW/_TIM 
d.,~ofu.rK''''ol4-T' t ......... o/lIJoIUhy l.ltM' r«/,-TM. 
Kfflll CIuJgru B"""-OlJi~li"", 1.-- tit, .. ~ "tid ,,,,,,,,,,0/ of n.hn­
rm.c. ffljMiwJ by'M IhtffY, roMidn'td-Th, pro/I4bI, ~potiliCftt of 
tM/.ot«rptz,t'<!fI</oIu. 

TIIf: naturalists who hnvc vi5itcd tbe Pacific. ICcm to ha\'c 
had their attention rivcttro hy the lagoon-islands, or atoll8o­
those singular rings of coral-land which rise abruptly out of 
the unfathomable QCcan,-and have passed over, almost un­

noticed, the scarcely ie!18 wonderful encircling barrier-reefs. 
The tllCOry most generally received on the formation of 
atolls. is that tlley arc based on submarinc cratcl'll: but 
whcrc can we find a crater of thc shape of Bow atoll, which 
is fivc tinlCS IIIJ long lUI it is hroad, (Plate I. fig. 4.); or like 
that of lIeucbicoff Island. (Plate II. fig. 3.) with its three 
loops, together lIi:.;:ty miles in length; or like Rimsky Kor­
sacoff, narrow, crooked, and fifiy -four Dliles long; or like the 
northern Maldi\'a atolls, matle up of numCl'OU8 ring-formed 
reefs. placed on thc margin of a disk,--onc of which disks is 
eighty-cight milcs in length, and only from ten to twellty 
ill brelldth. It is, also, not a little improbable, that there 

3 
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should II/we existed 88 many cratcrs ofimmenae sire crowded 
togetllcr benCMh the fICa. as thcrc arc now ill somc parl! 
atolls. But this theory lies undcr a. gTCatcr difficulty, as will 
be evident, when we consider on what foundationl the atolll 
of the larger archipelagoes rest: nevertheless, if tbe rim of a 
crater afforded a basis at the proper deptb, 1 am far from deny. 
ing Ibata reef like a perfectly eharacterirecl atoll might not be 
formed; BOrne such, perhaps, now nist j but 1 cannot believe 
in the poI!8ibility of the greater number having thus originated. 

An earlier and beUer tlleory was proposed by Chamissoj· 
he supposes that as the more massive kinds of corals prefer 
the surf, the outer portions, in a fC(!f rising from a submarine 
basis, would first reach the IJurface and conSt'quently ronn a 
ring. Bul on this \'iew it must be assumed, that in every case 
the basis consists of n. flat bank; for if it were conically 
formed, like a mountainous mass, we can sec no reason why 
the coral should spring up from the flanks, instC'ad of from tbe 
central and highcst po.rl!: considering the number of the 
atolls in the Pacific and Indian Oceans, this assnmption is 
very imlJrobable, As tbe lagoons of atolls arc sometimes 
even more than forty fathoms deep, it must, also, be assumed 
on this vicw, that at a depth at which the wa\'es do not 
break, tbe coral grows more vigorously on the edges of 
a bank than on ita eentrnl IJart: and this is an 8S6umption 
without auyevidenee in support of it. I remarked in the 
third chapter, tbat a reef, growing on a detached bank, 
would tend to assume an atoll·like structure; if, therefore, 
corals were to grow up from a bank with a le,'el surface some 
fathoms submerged, having steep sides and being situated in 
a deel} Bea, a reef not to be distinguished from an atoll, might 
be foroled: I believe some such exist in the West India 
But a difficulty of the f!l\me kind with that affecting the 
crater tbeory, render'll, 88 we shall presently Bee, this view 
inapplicable to tbe greater number of atolls. 

No theory worthy of notice has been adnDeW to account 
for those barrier· reefs, which encircle islands of moderate 

.. Kotlebue'.Fint Voyage, yol. iii.p. 331. 
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dimensions. The great reef which fronta tbe coast of Aus­
tralia bas been IUppoeed, but without any special ruts, to 
rest on the edge of 8 8ubmarine precipice, eItending parallel 
to the abore. The origin of the third clau or of fringing recfu 
presents, I believe, scarcely any difficulty, Ilnd is simply con­
sequent on the polypifers not growing uI' from great depths, 
and their not flourishing c101ie to gently sbelving beaches 
where the water is often twbid. 

Wbat C81J8e, then, has given to atoll" and barrier-reefs their 
characteriJtic (OruIS? Let us see whether an important de­
duction will DOt follow from the conllideration of these two 
circun\litanocs.-first, the reef-building cornia flourishing only 
at limitcddepths,-and secondly, the vnstnc5I of the areas in­
tcl'llpcncd with coral.reefs and coral-isleta, none of which risc 
10 a greater height aoo,'c the level of the Ilea, than that 
attained by maller thro'llm up by the wavetl and \vinM. 
I dn not male lhi. lalter atatement vaguely; I have care· 
fully lought for descriptions of every island in the inter· 
tropical seas; and my task has been in sOIne degree abridged 
by a map of the Pacific, correeted in 1834 by M.M. 
D'Urville and Lottin, in which the low islands are distin· 
guished from the high onel (even from thoee much 1C9I than 
1& hundred feet in height) by being written without a capital 
letter; I bave detected a few errors in thi. map, respecting 
the lleights of some of the islands, wbieh will be noticed in the 
Appendix, where I treat of eoral·formationa ill geographical 
onler. 'fo the Appendil, also, I mnst refer for 8 more 
particular acconnt of the datR on which the statements on 
the next page arc grounded I bave ascertained, and ehieOy 
from the writings of Cook, Kotzebue, Beltinghausen, Du· 
pcney. Beecher, and Lutke, regarding the Pacific; and from 
Moresb,· with respect to the IndiRn Ocean, tbat in the fol· 

• I:)ee alto Capt.O .... fn'. lind Lieut. Wood', ._ IIeN in the Geogra· 
1,iLical Journal, on the MaldivlI lind Laccadive Archipelagoee. TheBe 
offieer:tJ pn.rti<;tllllrlyrdcr 10 the lownellllofthc i,le,",; but I chiefly 
,round my IOSSCrtion rctpecting IheBe 1"1\'0 groupe. and the Chap 
group, (1"0111 information rommunicatcd to me by Capt. Moresuy. 
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lowing cases the term" low islaml" strictly means land. uf tbe 
height, commonly attained. by matter thrown up by the wind.s 
and. the waves of au open sea. If we draw a line (the pIau I 
have always adopted) joining the external atolls of that part 
of the Low Archipelago in which the island~ are numerous, 
the figure will be a pointe-d ellipse (reaching from liood to 
Lazaref island). of which the longer axis is 840 geographical 
miles, and the shorter 420 miles: in this space,- none of the 
innumerable islets, united into great rings, rise above tbe stated 
level. 'rile Gilbert group is very narrow, and 300 miles in 
length. In a prolonged line from this group, at the distance 
of 240 miles, is the Mal1lhall archipelago, the figurc of which 
is an irregular square, one end beiug broader tban tbe other; 
its length is 520 miles, with an average width of 240: these 
two groups together arc 1040 miles in length, and all their 
islel!! are low. Between the soutbern end of tbe Gilbert and 
the northern end of Low Archipelago, the ocean is thinly 
strewed with island~, all of which, 88 far as I have ~n able to 
ascertain, arc low: 80 that from nearly the eouthern end of the 
Low Archipelago to the northeID end of the Marshall Archipe­
lago, there is a narrow band of ocean, more than 4000 miles in 
length, containing a great number of island.s, all of which arc 
low. In the Western part of tbe Caroline Archipelago, there 
is a space of 480 miles in length, and about 100 broad, tbinly 
interspersed with low islands. Lastly, in the Indian ocean, the 
archipelago of the MaidivII3 i~ 470 miles in length, and 60 in 
breadth; that of the Laccadives is 150 by 100 miles: III! there 
is a low island between these two groups, they may be consi· 

• I find from Mr. Couthouy'& pamphlet, p.~, that Aurora island 
ill about 2(X) {eetin height; it consists of coral roek,and seems to have 
been formed by the elevation of an atoll. It lin N E. of Tahiti, 
eloeewithout the line bounding the space coloured dark blue in the 
map appended 10 thill volume. Hondenisland, which ia situated in the 
e:o:treme N. W .ll8.rt of the Low Arch.,according tomeS8urementllmade on 
board the Beaglt , whilst sailing by, i, 114 feet from the , ,, ... I/Ui of lilt 
IffUlOlhe water'! edge. Thillislllndsppeared to resemble the other 
alollsofthegroup. 
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dcrcd 118 ono group of a thousand miles in length. To this 
may be added the Chagos group of low islands, situated 280 
miles distant, in a Hue llrolonged from the southern ex· 
tremity of the MaldivllS, This group, including the sub­
merged banks, is 170 miles in length lionel 80 in breadth. So 
striking is the uniformity in direction of these three archi­
pelagoes, all the islands of which arc low, that Captain 
:.\lol'Cllby, in one of his papen, Bpeaks of them as parts of one 
great chain, nearly 1500 miles long. I am, then, fully justi­
fied, in repeating, that cuormOllll spaces, both in tbe Pacific 
and Indian oceans, arc interspersed with is!!lmu, of Wllich not 
one rises above that height, to which the wavcs and wiuds 
in an open sea can heap up matter. 

On what foundations, then, have these reefs alllI islets of 
roral been corutmcted? A foundation mlllit originally have 
been present beneath each atoll at that limited depth, which 
i~ indispensable for the first growth ofthe reef-building polypi­
fers. A conjecture will perhaps be haz.arded, that the requisite 
bases might have been afforded by the accumulation of great 
banks of sediment, which owing to the action of superficial 
currents, (aided possibly by the undulatory movement of the 
sea)did not quite teach the surface,_ 1IS actually appears to have 
been the case in somc parts of the West Indian Sea. But in 
tbe form and disposition of tbe groups of atolls, there is 
nothing to countenance this notion j and the assumption 
without any proof, that a number of immense piles of sedi_ 
ment have been heaped on the floor of the great Pacific and 
Indian Oceans, in their central parts far remote from land, 
and where the dark blue colour of the limpid water bespeaks 
its purity, cannot for one moment be admitted. 

The many widely-scattered atolls must, therefore, rest 
on rocky bases. But wc cannot believe that the broad summit 
of a mountain lies buried at the depth of a few fathoms 
beneath every atoll, and nevertheless throughout the immense 
areas above-named, with not one point of rock projecting 
above the ieyc\ of the sca; for we may judge with some 
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IIccuracy of mountains beneath the sea, by th06e on the Isnd; 
and where can we find II single cbain se,'eral hundred mile! 
in length and of considerable breadth, much less several such 
chains, with their many broad summits attaining the same 
height, witbin from 120 to 180 feet? If the data be thought 
insufficient, on which I have grounded my belief, respecting 
the depth at which the reef-building polypifen can e;Eist, and 
it be assumed that they can flourish at a depth of even 100 
fathoms, yet the weight of the above argument is but little 
diminished, for it is almost equally improbable, that as many 
submarine mountains, WI there arc low ialanlla in the several 
great and widely -separated areas above.specified, should aU 
rise within 600 feet of the surface of the sea and not one 
above it, as that they should be of the same height within 
the smaller limit of one or two hundred feet. So highly im­
probable is this fuppoeition, that we arc compelled to believe, 
that the bases of the meny 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 tbe requisite 
poeition or level, some It one period and some at another, 
through mo,ements in tbe earth', crust. But !hi! could not 
have been effected by elevation, for the belief that pointiJ 110 

numerous and so widely-separated were sutcellSi"ely uplifted to 
a certain level, but thstnot one point wlI8rnised above that level, 
is quite WI improbable u the fo rmer lIuppoeition, and indeed 
differ! little from it . It will probably occur to those who have 
rend Ehrenberg's necount of the recf~ of tIle R~ Sea, that 
many points in these great areWl may bave been elevated, bUl 
that lIS soon as raised, the protuberant parts were ellt off by 
the destroying action of tbe waves; a momelll'a reSection, 
however, on the bason-like fonn of the atolls, will show that 
thia is imp0s5ible; for tbe upllcaval and subsequent abrasion 
of an island would leave a Sat disk, which might beeome 
coated with coral, but not a deeply cOlleave 5urfuce; more­
over, we should expect to sec, in SOllie part8 at ICllBt, the rock 
of the foundation brought to tbe IIUrface. If, then, the 
foundations of the ImlllY atolls were not uplifted into the 
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requisite position, they must of IICCC!J8ity h/l1'c 8ub&ided into 
it; and this at once IOlvCll every difficulty,- for ..... e may 
safely infer, frOIll tbe facUi given in the lMt chapter, that 
during a gmdual Bubsidence the corals would be favourably 
circumstanced for building up their solid frameworks and 
reaching the surface, 811 island after island Ilowly disBppeared. 
Thus areas of immcll8C extent in the central and most pro­
found parts of tbe great oceana, might become interspersed 
with coral-islets, nOlle of wbich would rille to a greater height 
than that attained by dctrilUll heaped up by tbe RCa, and 
nevertheless they might all have been fonned by oorai3, which 
alJ801utely required for their growth a IOlid fomldation within 
• few fathoms of tbe BUrface. 

It would be out of place here to do more than allude to the 
many facts, showing tbat tbe supposition of I\. gradual sub­
sidence over large areas is by no meanl improb&ble. We 
ha .. e the dearest proof that a mo.ement of thil kind is po ... 
eible, in the upright trees buried under Itrata many thousand. 

• Thcadditiona} difficulty on the crnter hypothnbberorealludedto, 
'll'ill now betvident, roronthiaviewtbeYOleanieaetlonmust be IUP-­

poetd to Mve formed within the InIIII .~ifted a vut number of 
c:raurt,&l1rili.ngwithinafewratho!:n.oftbe .. rfa«,andnotoneaboYe 
it. The ... ppo::.ition that the Cf1ltenI lI"Cre at different timel upnoised 
abovetbetnr£aee,andwere there abraded by t11''''rr andsubRquently 
coated by cornlll, is ... bjm to nearly the mme objeeliolll ,,·jth thOle 
gi,'en at Ille bottom of the lut page , but I eoD~ider itiuperfluoul 10 
detail &lIthe IU"gumCD~ oppoted to Inch a notion, Ctmmislo'l theory, 
from .... ming the cxi~lI'ncc of 80 many banu, /lUlying at the proper 
depth beneath thell'aler, ill alJo,·ilallydcreclive. Thel&Dlcoo.e"a_ 
lion applil!"l to an hn.othClia of Lien!.. Neilon', (Geolog. Trana. "01. y. 
p.I2:l),who.npJlUlS that the ring.fomled Itrueture i, call.ed by a 
rreaternumbero(~ofeorabbecomingallaehedtothedcclivity, 
than to the central pl.teau of a IUbmanne bank, it likewiae applietl 
to tile notion formerly entertained. (Fol1lt~r'. ObH". p. 131) Ih.t 
lagoon-ilIlandi o,,'c their ~ .. Iil\r form to Iilcinstiueti"e tendcnci('l 
ofthcpolypifen. Aecordingtolhis laller .. lt .... thccorallon theouler 
margin of the ~f iD~tincti\"tly UpoBe Ihemlfivl'I lO the Inrf in onler 
to/llfordprotectioDtororat.. li'·inginthelagoon,,,·11ich~loDglo 
OIhergtnera,andtoOlherfamilil!"l! 
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feet in thickneas j wc have also cvcry reason for believing 
lIul.t there are now large areas gradually huking, in the 88.me 
manlier 118 others are rising. And when we consider how 
many parts of the surface of the globe have beeD elevated 
within recent geological pcriodl'l, we must admit that there 
have been IJUbsidenCCI on a corresponding RCale, for otherwise 
the whole globe would bave swollen. It is very remarkable 
that Mr. Lyell,. e\'en in tbe first edition of his PrinciplCII 
of Geology, infened that tbe amount of lubsideucc iu the 
Pacific must hll\'c e)[ccedcd that of elevation, from the area 
of land being very small relatively to the ascnts tlJere tending 
to form it, namely, the growth of cornl find volcanic action. 
But it will be asked, are there any direct proofll of II Hubliiding 
movemcnt in th()8(l areas, in which subsidence will e)[plain a 
phenomenon otherwillC inexplicable? This, however, can 
hanlly be upeeted, for it must ever be mOllt difficult, el:­
ccpting in countriel long civilized, 10 delect a movement, 
the tendency of which is 10 conceal the paft affected. In 
bnroorous aud semi-civilitoo nations how long migllt nOL 
a slow movement, even of elevation lueh as that now 
affecting Scandina"ia, hMe C9Cllped attention! 

Mr. Williamst iuaists strongly thnt the trac.litions of the 
natives, which be has taken much pains in coJlceting, do not 
indicate the allpcaranec of any new islands: but on the 
theory of a gradual subsidt.:ncc, all that would be apparent 
would be, the water IOmetimea encrollclling slowly on the 
lllnd, and the land ngain reco\'ering by the accumulation 
of detritus i18 fonner extent, and perhaJlll sometimes the 
conversion of an atoll with cornl isleu on it, into a bare or 
into a sunken annular reef. Such change. would naturally 
take place at the periods when tho sea rose above its usual 
limita, during a gale of more than onlinary strength; aud 
the effects of the two causes would be hllnlly distinguishable, 
In Kotzebue'5 Voyage tbere are account!! of islands, both in 
the Cnroline and ]\[nl'8hall Archipelagoes, which have been 

• Principle. orGeology,.ixth edition, \'01. iii. p.386. 
t Willianu'. Namr.ti .. e of Missionary Entl':rpriH,]1. 31. 
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pal'lly washed away during hurricanes; and Kadu, tlle 
native who was on board OIlC of the Russian vessels, said 
" be saw the sea lit Radack rise to the feet of the COCQa-nut 

trees; but it was conjured in time."" A storm lately entirely 
swept away two of the Caroline islands, and converted them 
into shoals; it partly, also, destroyed two other islanda.t 
According to 1\ tradition which was communicated to Capt. 
FitzRoy, it is believed in the Low Archipelago, that the arri­
val of the first ship caused a great inundation, which de­
stroyed many lives. Mr. Stuchbury relates, that in 1825, 
the western side of Chain Atoll, in tbe same gronp, was com­
pletely devastated by a 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 aceount for thc 
violent agitation of the ocean. "t That wnsidcrablc changes 
havc taken place recently in some of the atolls in thc Low 
Archipelago, appelll1:l eertain from thc case alrcady gi\'cn of 
Matilda Island: with respect to Whitsunday and Gloucestcr 
Islands in this samc group, we must cither attribute great 
inaccuracy to their discoverer, thc famous eircumna\'igator 
Wallis, or belicvc that they havc undergonc a con~iderablc 

ehangc iu tJle period of fifty-nine yean, betwecn his voyage 
aud that of Capt. Beechcy's. Whitsunday Island is described 
by Wallis as "about four miles long, and three wide," now it 
is only one mile and a half long. The appearanee of Glou­
cester Island, ill Capt. Bcechey's words,~ "has been accu­
rately described by its discoverer, but its present fonn and 
extenL differ materially." Blenheim recf, in the Chagos 
group, consists of a water-washed annular recf, thirtcen miles 
in circumference, surrounding a lagoon tcn fathoms deep; 
on its surface there were a few worn patches of eOIl­
glomerate coral-rock, of about the size of hovels; and thcse 

• Kotzebue'. }'ir&t Voyage,vol.iii.p.1GS 
t M. Dl'"Smouiins in Compte' Rendus, 1840, p. 837. 
I WetltofEnglllndJournal,No.l,p.35. 
S Beechey" Voyage to the Pacific, chap. vii., and Wallis'. Yorage 

in the Dolphin, chap. i,·. 
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Capt. MOreBby considered, as being, without doubt, the 
lut remnants of islets; 110 that here an atoJ1 h!ll!l been con­
verted into an atoU-formed reef. 'fhe inhabitants of the 
Maldiva Archipelago, 118 long ago as 1605, declared, .. thllt 
the high tides and violent currents were nlways dimini.!!Iling 
the number of the islands:". and 1 have already shown, on 
the authority of Capt. Moresby, that the work of destruction 
is still in progress; but that on the other hand the first forma­
tion of some islets is known to tile present inhabilants. In 
such cases, it would becxcccdingly difficult to detect a gradual 
subsidence of the foundatioll, on which these mutable struc­
lures Te8t. 

Some of the archipelagoe8 of low coral-island;; are subjcet 
to eanhquakes: Capt. Moresby informs me that tbey arc 
frequent, though Dot "ery atrong, in the Chagos group, which 
occupies a very central posi tion in the Indian ocean, and i8 
far from any land not of coral formation. One of Ihe islands 
in this group was formerly covered by a bed of mould, which, 
after an earth(iUake, diSlLppeared, and Willi believed by the 
fClident to have been wllllhed by tbe rain through the broken 
IlII\88CS of underlying rock: the island WII8 thus rendered un­
produelive. CbamiJ80t states, that earthquakes IIJ"C felt in 
the Marshall atolls, which are far from any high land, and 
likewise in tbe island! of the Caroline Archipelago. On one 
of the latter, namely OuJ1cay atoll, Admiral Lutkc, 118 he had 
the kindness to inform me, observed sevcral 8trnight flSSnres 
about a foot in width, running for some hundred yards ob­
li{luely acr~ the whole width of the red Fissures indicate 
a llretching of the earth's crost, and, Iherefore, probably 
changes in its level; but these coral-islands, whicb ha\'e bc<!n 
shaken and rLll3med, certainly have not bc<!n elevated, and, 
therefore, probably they ha\'c subsided. In the chapter 011 

Kecling atoll, I IIttempted to Bhow by direct evidcnce, that 

• s~ an txtmct from l'yrsnl'y Vo}"sge in Cspt. Owen'. paper on 
the Maldin ATCbipclago, in Ihe Gtograpbical Joumul, vol. ii.I" 84. 

1 See Chamiaso, in Kotsebuc', }'irst Voyage, .-01. iii. j>. 182 and 13(t 
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the island underwent a movement of subsidence, during the 
enrtil(luakcs lately fett tbere. 

'rhe facts "and thus i-there arc many large tracts of 
oceall, without lUly }Iigh land, interspersed with reefs and 
islets, formed by the growth of those kiuds of cumls, which 
cannot live at great depths; :md the c.rislCncc of these reelS 
and low isleta, in lucb numbers and at such distant points, is 
(Iuite inexplicable, ea:cepting on the theory, that the bases on 
which the reefs lirst became attached, slowly and successively 
&ank beneath the lo\·e\ of the !Sen, whilst the corals continued 
to grow upwards. No poailive facts arc opposed to this vicw, 
lind !lOme general considerations render it probaLlc. There 
is c\·idcnce of change in fonn, whether or not from subBi­
deuce, on some of these coral-islands; and there is evidence 
of IlUhtcmmean disturbances beneath them. Will then the 
theory, to which we have thus been lcd, lIO\ve the curious 
problem,-what has given to each da88 of reef ita peculiar 
fonn? 

Let us in imagination place within one of the subsiding 
areas, an island surrounded by a .. fringing rccf,"-that kind, 
which alone offers no difficulty in the c:lplanation of its origin. 
Let the unbroken lmel and tbe ohlique shading in the woodcut 

{No. 4] 
A A--Qllt~~ tdge of the reef at tbe level of the Ita. 
D 8-Shoru or the ullUl.d. 
A' A'--Quter tdge of the reef, liner itl uP1l1lrd growth during a period 

of.ub!(denee. 
C C-The lagoon-channd betweeo the red and the Ihore- of the now 

encirdedland. 
D' If-The shom! of the eoeircltd uland. 

N.D, lnthis,andthefolloll'ingll'ood-eut,thelub8idenceofthe land 
eouidoal,. be replftented by I.D apparent n.: in the Iud olthe IIU. 
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(No.4.)represent a vertical section through aueh an island. and 
the horizontal shading will represent the section of the reef. 
Now, as the island sinks down, either a few feet at a time or 
quite insensibly, we may safely infer from what we kno ..... of 
the conditions favourable to the growth of coral, that the living 
mll.'lSCs bathed by the surf on the margin of the reef, will 
soon regain the surface. The water, however, will encroach, 
little (,y little, on the shore, the island becoming lower and 
smaller, and the space betwcen the edgc of the reef and tbe 
beach proportionally broader. A seetion of the reef and island 
in this state, after a subsidence of several hundred feet, is given 
by the dotted lines: cornl-islets arc supposed 10 ha\'e been 
forilled on the new reef, and a ship is anchored in tbe lagoon­
channel. This section is in eyery respect that of an eneireling 
barrier-recf; it is, in fllct, a section taken- E. and W.thruugh the 
highest point of the encircled island of Bolabola; of which a 
plan is given in !'late 1. fig. 5. The same section is more 
clearly shown in the following woodcut (No.5.) by the un­
broken lines. The width of the reef, and its slope both on 
the outer and inner side, will have been detcrmined by the 
growing powers of tlle cornl, under the conditions, (for instance 
the force of the breakers and of the currents) to which it has 
been exposed; and tile lagoon-channel will be deeper or shal­
lower, in proportion to the growth of the delicately branched 
corals within tile reef, and to the accumulation of sediment. 
relatively, also, to the ratc of subsidence and the length ofthe 
intervening stationary periods. 

It is evident in this section, that a line drawn perpcndieu. 
Iarly down from the outer edb"C of the new reef to the founda­
tion of solid rock, exceeds by as many feet as there have been 
fcet of subsidence, that small limit of dellth at which tIle 
effective polypifers can live,-thc corals having grown up, as 

-Thel!«tionhllllt.eenmadefromtheelmrtgivcnintheAtl88ofthe 
Voyage of the CoquI1te. The ~ale is '57 of an inch to a mile. The 
height of the island, ae<;Oniing to M. LC$Son, ia 4Q'l6 feet., The deepe_t 
partorthelagoon_channelisl62f~tj itsdepthiscxaggeretedinthe 
woodcut for the nke ofclcarlless. 
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the whole sank down, from a basis formed of other com!s lind 
their consolidated fragments. Thus tbe difficulty on tbis 
head, which before seemed 80 great, disappears. 

As the space between the reef and the subsiding shore 
continued to increase in breadth amI dCptll, and as the inju­
rious effects of the sediment and fresh water borne down from 
the land were consequently lessened, tbe greater Dumber of 
tbe channels, with which tbe reef in its fringing state Dlust 
have been breached, especially thOllC which fronted the 
smaller streams, will have become choked up by the growth 
of coral : on the windwanl side of the reef, where the coral 
grows mOl'll vigorow;ly, the breaches will IJrohallly have first 
been closed. In barrier-recfs, therefore, the breaches kept 
open by draining the tidal waters of the lagoon_channel, 
will generally be plnced on the lceward side, and tlley will 
still face the mouths of the larger streams, although remo,'cd 
beyond the influence of their sedimcnt and fresh-water j­
and this, it has been shown, is commonly the case. 

Referring to the following diagram, in which the newly­
formed barrier-reef is rt'presented by unbroken lines, instead 
of by dots lIS in the former woodcut, let the work of subsi­
dence go OD, and the doubly-pointed hill will form two small 

__ ._~_~ C' ~A'_ 

/ 

[No.5.] 
A' A'_Outer edp of the barrier_reef at the le,·el of the Be&. The 

CQCO&.uuttrees repre8cntcornl-islet8 fo.mcdon the reef. 
C C-The lagoon-eha.mcl. 
B'B'_Theshores of the island, genernlly formed of lowalluriailand 

and of coml dctritUll from the lagoon-dmnncl. 
A' A'-The outer edges of the reef now forming an atoll. 
C'-The lagoon olthe ncwly-formed atoll. According to the &eale, the 

depth of the lagoon Bndofthe lagoon-ehanneliacnggerated. 
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islands (or morc, according to tbe number of tbe hilla) in­
cluded within one annular reef. Let the isilmd continue 
subsiding. and the coral-reef will continue growing up on ill 
own foundation, whilst tbe water gains inch by inch on the 
land, until the last anti llighest pinnacle ill covered, and there 
remains (l perfect atoll. A vertical section of this atoll is 
sllown in tbe woodcut by the dotted lioC8i - a Ihip is an· 
ehored in ila lagoon, but islet.! are Dot supposed yet to ha,'e 
been fonned on tbe reef. The depth of the lagoon and the 
width and slope of the reef, will depend on the circumstanCCl 
just referred to under barrier·reefs. Any furthe r subsidence 
will jlroduce no change in the atoll, except perhaps a 
diminution in ita lizI', from the reef not growing vertically 
upwnrds; but should the eurrenla of the Ilea act violently 
on it, and should the corals perish on part or on the whole 
of ita margin, changes would result during trubsidence which 
will be presently ooticed. I may here observe, that a bank: 
either of rock or of hardened sediment, level with the surface 
of the sea, and fringed with living cornl, wonld (if not 110 

small lIS to allow the central space to !Jc quickly filled up 
with detritus) by suhsidence he converted immediately into 
an atoll, without passing. as in the case of a reef frioging the 
shore of an island, through the intermediate form of a 
barrier-reef. If such a bank lay II few fatholDllubmerged, the 
simple growth of the cornl(n remarked io thc third chapter) 
withou! the aid of subsidence, would produce a structure 
lICarcely to be dislinguished from a true atoll j for in all CIISCS 

lIlc corals on the outer margin of a reef, from having space 
and being freely elpoeedlo the open lICe., will grow vigorollllly 
and tend to form a continuous ring. whilst tbe growth of the 
lcsa massive kiods on tbe central upanllC, will be cheeked 
by the sediment formed there, and by that washed inwards 
by the breakers; and all the space becomee shallower, their 
growth will, also, be checked by the impuritice of the water, 
nnd prohahly by the small· amount of food brought by the 
enfeeblcd currents, in proportion to tbe eurfaee of living 
reefs studded with innumerable craving mouths: the Rubei. 
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delloo of a reef baicd 011 a bsnlr. of thi. Ir.ind, would give 
depth to ita central expan8C or lagoon, stoollDCli to its flanks, 
and through the free growth of the eornl, .ymmetry to its 
outline:-I may here repeat that the larger groups of atolls 
ill the Pacific alld Indian occam cannot be supposed to be 
founded 011 banir.J of this nature. 

If, instead of the island in tbe diagram, the shore of a COIl­

tinent fringed by a reef had subaided, a great barricr-recf, 
like that on the N. E. coast of Australia, would have nece&­
sarily resulted; and it would have been lleparllted from 
the IIlail} land by a deep-water ehllnnel, broad in proportion 
to tllC amount of subsidence, 1I0l1 to thc less or greater incli­
nation of thc neighbouring const-land. Tbe cffect of the 
continued subsidence of a great barrieN'eef of thi. kind, lind 
its probable conversion into a chain of ICparnte atolls. will 
be noticed, when we discuA the apparent progressive disse\'er­
ment of the larger Mllldiva atolls. 

We now lire able to pcreei\'e that the close similarity in 
form, dimcnsions, structure, find relativc position (which latter 
point will hereafter be more fully noticed) betwecn fringing 
andelleirding barrier-reefB, and between thesc latter and atolls, 
i. the nCttSSary result of the transformation, during subsi­
dence, of the one clasa into the other. On thil view, thc 
three classes of rccfB ought to graduate into eaeh other. 
Recfs having all intermediate character between tbose of 
the fringing and barrier classcs do Cltist; for instance, on tho 
S.W. coast of Madagascar, a reef extendJ for several miles, 
within which there is II broad channcl from lleven to eigbt 
fathoms deep. but tbe lea does not dccl)cD abruptly outside 
the reef. Such Ca!ICII, howe\'er, are open to IIOmc doubts, for 
an old fringing reef, which had extended it.8clf a little on " 
basis of its own forUlation, would hardly be distinguishable 
from a barrier-reef, produced by a small alDount of Bubsidclloo, 
!IntI with its lagoon-channel nearly filled up with sediment 
during a long stationary period. Between harrier-recti!. 
encircling either onc lofty i.!land or llevcml small low 01lC8, 

(Ind atoll. including a mere upaose of waLer. a striking series 
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can be shown: in proof of this, I need only refer to tllC first 
plate at the end of this volume, which speaks more plainly to 
the eye, than any description could to tbe ear. The authorities 
from which the charts bnve been engraved, togetber with some 
remarks on them, arc given on III separate page descriptive 
of the plates. At New Caledonia (Plate n. fig . .5.) the bar­
rier-reefs extend for 150 miles on each side of the submarine 
prolongation of the island; and at their northern extremity 
they appear broken up and converted into a vast atoll-formed 
reef, supporting a few low coral-islets: we may imagine tbat 
we here see the effects of subsidence actually in lJrogress,­
the water always encroaching on the northern end of the 
island, towards which the mountains slope down, and the 
reefs steadily building up their massive fabrics in the lines of 
their ancient growth. 

We have as yet only considered the origin of barrier-reef.s 
and atolLs in tbeir simplest form; but there remain some 
peculiarities in structure and some special cases, described in 
the two first chapters, to be accounted for by our theory. 
These eonsist,-in the inclined ledge terminated by a wall, 
and sometimes succeeded by a second ledge with a wall, 
round the shore! of certain lagoons and lagoon-channels; a 
structUTC which cannot, as I endeavoured to show, be explained 
by the simple growing powers of tIle eornl!,-in the ring or 
ba.sclIl-likc form of the central reefs, 118 well 118 of the separate 
marginal portionsofthc northern Maldiva atolls,-in the sub-­
merged condition oftbe whole, or of parts of certain barrier and 
atoll·fomled reefs; where only a part is submerged, this being 
generally to leeward,-in the apparent progressive dissever­
ment of some oftbe Mal(lil'8 atoILs,-in tbe cxistenecof irre­
gularly formed atolls, some being tied together by linear reefs, 
and otbcrs with spur!! IJrojecting from them,-and, lastly, in 
the structure lind origin of the Great Chagos bank. 

Step--jQrmed ledge, round (,"lain lagOO/U.-1f we suppose an 
atoll to subside lit an extTCrqcly slow rate, it is difficult to fol­
low out the complex results. The living corals would grow 
up on the outer margin; and likewise probably in the gullies. 
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and deeper parts of the bare surfaC(! of ILe annular reef; the 
water would encroach on the isleta, hut the accumulation of 
fresh detritus might possibly prevent their entire sublller· 
gellcc. After II lIubsidence of this very slow IJalnre, the surface 
of the annular reef sloping gently into the lagoon, would pro­
bahly become united with the irregular reefs and hanks of sand, 
which line the sbores of most lagoons. Should, however, the 
atoll he carried down by a more rapid movement, the whole 
surface of the annular reef, where there was II foundation of 
solid matter, would be favourably circulnstlluccd for the fresh 
growth of coral; but II!! the corals grew ujlwnnls on its exte· 
riOT margin, and the wavCII broke heavily on this part, the in­
crcllSC of the massive polypifcn 011 the inner aide would be 
checked from the want of water. Consequently, the exterior 
paris would first reach the surfact', lind the Ilew annular reef 
thull formed on the old ODe, would have its summit inclined 
inwards, and be terminated by a 8ubll(jueou8 wall, formed by 
the upward growth of the coral (berore ooing mudl checked), 
frolll the ilillor edge of the solid parts of tbe old reef. The 
inner porlion of the new reef, frum not having grown to the 
!urfaee, would be eO\'eroo by the waters of the lagoon. 
Should a subsidence of the some k.ind be repeated, the corals 
would again gt"ow up in II wall, from all the IOlid parts of the 
rcsunkcn reef, and, therefore, not from within the snndy Bhores 
of the lagoon; and the inner part of tile new nnnular reef 
would, from being as before checked in its upwan1 growth, be 
of ICSII height than the e:uerior parts, and therefore would not 
reach the surface of the lagoon. In thie CIIIIC the shores of the 
lagoon would be Burrounded by two inc1inrd ledges, one beneath 
the other, and both abruptly terminated by subnqueou8 cliffs.· 

• A~rding to Mr. Cauthouy (p. 26) the external reer round many 
Iltoll.deteendtbya,uccl'Slion orledget or lemu:el. Iiealtempts, I 
doubt "'hether .ucceurully, to explain thil 'lrUchu'~ tome"'hat in th~ 
.. me manner u I have attempted, with rtSpect to the intern&! ledges 
round the lagoon. or lOme atollL More r.ett .re wantcl regarding 
Ibe nature both or the interior and exterior lIep-likeledges: &n:!a11 
the leds",or ollly ,hellpperone5,co.,,,red,,·ith li.,ingt:Ol1ll? if 'her 
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otol[,.-l may first observe, that the reefs within the lagoons 
of atolls and within Iagoon-cbaooels, would, if favourably cir­
cumstanced, grow upwanls during subsidence in the lame man­
ner as the annular rim; and. therefore, we mightcxpe<:t that 
such lagoou-rccfs, when not surrounded and buried by an 
accumulation of sediment more rapid than the rate of sub­
sidence, would rise abruptly frOJl\ a greater depth than that 
at which the efficient polypifcrs can flourish: we IICC this 
well exemplified in the small abru\llly-sidcd rcc&, with which 
the dccplngoons oftbcChngOll and Southern Maldive. atoUs arc 
.tlldded. With respect to the ring or basoll-formcd reen. of 
the Northern Maldiva atolls, it ill evident, from the perfectly 
continuous lle fie!l which exists, that the marginal rings, al­
though wider than the exterior or bounding reef of onlinary 
Molb, nre only modified portions of such a rC<lf; it is also 
evident thnt the central rings, although wider tban the knolb 
or reefs which commonly ()CCur in lagoons. oceully their 
place. The ring_like structure hu been shown to be contin­
gent on the breaches into the lagoon being brond and nume­
rous, 80 that all the reefs which are bathed by the waters of the 
lagoon, are placed under nearly the same conditions with the 
outer COlISt of an atoll standing in the opcn sea. lienee the 
exterior and living margins of these reefs must have been 
favourably circumstanced for growing outwards, and increasing 
beyond the usual breadth; and they must likewise ha\'c been 
fa~'ourably circumstanced for growing vigorously upwards, 
during the subsiding movements, to which by our theory the 
whole archipelago JIll!! been subjected; and subsidence with 
Ihis upward growth of the margins would convert the central 
'1)8(:(: of cneh little reef into a 8walllagoon. This, however, 
could only take place with thOllC reefs, which had inercased to 
a breadth aufficient to \lTCvent tlleircentral space. from being 
almost immediately filled up with the sand and detritU9 

are all eou l'ed. are thekilldt dilrerent on the ledp aceording to the 
depth P Do the inlerior and exterior ledge. oeeur together in the 
lIUIIe atoU, ) if 110. ,,-hat i. their total .... idth. pnd is the inten'ening 
6urfact -<ecfnarro .... , &e.P 
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driven inwllnls from !Insides: hence it is that few reefs, which 
IIrc less tt!an half II mile in diameter, even in the IItoll~ where 
the bason-like structure is most strikingly exhibited, include 
lagoons. This remark, I may add, applies to all coral-reefs, 
wherever found, The bason-fonned reefs of the hlaldiva 
Archipelago may, in fact, be briefly described, lIS small atolls 
formed during subsidence over tbe separate portions of large 
and brokcll atolls, in the same manner as these latter were 
formed over the barrier-reefs, which encircled tlle islands of 
II large archipelago now wholly submerged. 

Submerged 11lId Dead Rcef8.-ln the second section of tho 
first chapter, I have shown that tllerc arc ill the neighbour­
hM of atolls, some deeply submerged banks, with level sur­
faccs; that there IIfC others, lC'ss dC'eply but yet wholly 
submerged, having all the characters of perfect atolls, but 
consisting merely of dead coml-roek; that there are barner­
reefs and atolls with merely a ]lOrtion of tlleir reef, generally 
Oil the leeward side, submerged; and that such portions 
either retain their perfect outline, or they appear to be quite 
effaced, their former place being marked only by a bank, con­
forming in outline with that part of the reef which remaillll 
perfect. 'l'hese scvcral CMes are, 1 believe, intimately re­
lated together, alld can be explained by the same means. 
There, perhaps, exist some submerged reefs, covered with living 
coral and growing upwards, but to these 1 do not here refer. 

As we see tlmt in those parts of the ocean, where coral 
reefs arc mOilt abundant, one island is fringed and another 
neighbouring one is not fringed j 811 we sec in the same archi­
pelago, that all the reelS arc more perfect in one partofit than 
in another,-for instance, in the southern half compared with 
the northern half of the Maldiva Arcllipelago, Ilnd likewise 
on the outer coasts compared with the inner coasts of the 
atolls ill this Mme group, which are placed ill a double row j 
lIS we know that the existence of the innumerable polypife!'1j 
forming a reef, depends on their sustenance, and that they 
are preyed on by other organic beings; alld, lastly, lIS we 
know that some inorganic ca~ses arc highly injurious to the 
growth of coral, it cannot be eXI'\('ctcd that during the round 
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of change to which earth, ai r, and water Are exposed, the reef· 
buildillg polypifenl should keep alive for perpetuity in any 
one place; and etillleS!l can lhis be expected, during the pro­
gt'CSIIive suhllidellCCll, perhsp8 at lOme periods more rapid than 
At olhers, to which by our theory these reefs and islAnds 
have ~n subje<:tcd and arc liable. It is. then, llot impro­
bable that tIlC corals should IOlIIetimcs perish eitber 011 tbe 
whole or on ]lart of a reef; if 011 pa rt, tbe dead portioll, after 
a smallamOllntofsubsidence, wOlilo. still retain its proper out· 
line and position beneath the ,,·ater. After a mure prolonged 
subsidence, it would probably form, owing to the BC{:umu· 
lation of sediment, only the margin of a flat bank, marking 
the limits of tbe former lagoon. Such dead portions of reef 
would generally lie on tbe lceward side,· for the impure water 
and floc sediment would more easily flow out from the 
lagoon over thia Bide of the reef, "'here the force of the brcakenl 
is icss than to windward; amllherefore the CQrnls would be less 
vigorous Oil this side, and be leM able to resist nny destroying 
u.gcnt. It is likewise owing to this same eauIC, that reefs arc 
more frequently breached to leeward by narrow ehanllcls, 
ICrving M by BhiJKhannda, than to windward. If the eorala 
perished entirely, or on tbe greater part of the circumference of 
an atoll, an atoU.lhaped bank of dead rock, more or leu entirely 
l ubmergcd. would be produced; and further suhllidcocc. toge­
ther with the accumulation ofsedimcnt. would often obliterate 

• Mr. Lyell, in tilt fint edition of hi. Prineipll!ll of Geology, ofl'~ II 
IIOmewb&t di8'trentt.xpleationofthit etruc:ture. He '"l~ thatthtrt 
b-.lleenlut.idenctj buthtw .. not ... ·.rethatthtluilmtfJedportiona 
of ree(wcrtin mOlt cIIKII,iC not io all, dead; aod heattribllle:ltl,e 
difl'crencein beightin the tll·olide. of mOlt atolbJ, chiefly to the greater 
IICcumuiation of detritlilio windwlrd than to l~ewllrd. Dut 8JI mallc r 
.aceumulatedonly on the backll'ard part of the 1"«£, the front part 
wouidremainofthclIlIlleheightonboth.idea. IIDllyhereob8ervelhal 
in IDOIteutll (for inuarn::eat Pe .... Bnnhoa, the GamLier grouplWd the 
OreatCbagoI bank)ed IlUSpeclin .Ueuea,thedead .lWdluLmerged. 
portio ... do not illend or alope into the living and {lI:'rf~t puu, but are 
leparated from them by an abrupt lint. In .orne ilutRnCt. ,mllll 
1l1ltchcs of living rccfri.e to the lurfllCc from the middlc of the 
.ubmcrg.::d lind dead parts.. 
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its atoll·likc structure, and leave only a bank with a level 
BUrfa(!C. 

III the Chagos group of atolls, within an area of 160 miles 
by 60, there arc two atoll-formed banks of dead rock (besides 
another vcry imperfect one) entirely submerged; a third, 
with merely two or three very small picces of living reef 
rising to the surface; and a fourth, namely, Per08 Banhos 
(Plate I. fig. 9). with a portion ninc miles in length dead 
and submerged. As by our theory this area hns subsided, 
and as there is llothing improbable in the death, e ither from 
changes in the state of the surrounding sea or fro~ the sub­
sidence being great or sudden, of the corals on the whole, or 
011 portiolls or some oftbc atolls, the case of the Chagosgrollp 
presents no difficulty. So far indeed are any of the above­
mentioned ca.ses of submerged reefs from being inexplicable, 
dlat their occurrence might have been anticipated on our 
theory; and as fresh atoll~ arc supposed to be in progressive 
formation by the subsidence of encircling barricr~rccfs, II 

weighty objection, namely that the number of atolls must be 
increasing infinitely, might even have been rllised. if proofs 
of the occasional destruction and 1088 of atolls could not have 
becnaddueed. 

The djs~t of tilt larger Maldil;a atolI •• -The appa_ 
rent progre~sive disseverment in the 1tfaldiva Archipelago 
of large atolls into smaller ones, is, in many respects, an 
important consideration, and requires an explanation. The 
graduated scries, which marks as I believe this process, can 
be observed only in tbe northern half of the group, where 
the Molls have exceedingly imperfect margins, consisting 
of detached bason-formed reefs. 'rhe currents of the sca 
flow across d\Csc atolls, as I am informed by Capt. Moresby, 
with considerable force, and drift the seo.liment from side 
to side during the monsoons, transporting much of it sea­
ward; yet the currents swcep with greater force round 
tllcir Hanks. It is historically known that thcsc atolls 
have long existed in their prescnt slatc; and we can be~ 

lie,"e, that c\'cn during a very slow subsidence they might 
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thus remain, the central expauIC being kept at nenrly its 
original depth by the accumulation of sediment. But in 
the aclion of such nicely balanccd fon:etl duriug a progressive 
subsidence, (like that, to which by our theory this archipelago 
haa been subjccted,) it would be stmnge if the currents of the 
&ea should nc\'er make a direct passage ncrosa .some OIlC of 
the atolls, through the many wide brenchu in their margins, 
If this were once effecled, a deep-water cbanllel would soon 
be formed by tilO removal of the finer sediment, and the 
cileck to ill further accumulation; and the aides of the 
channel would be worn into a slope like lllat on the outer 
coasts, which are Cll:poscd to thc !lame force of the CUlTents. 
In fact, a chanuel precisely like that bifurcating one which 
divid~ Mahl08 Mahdoo (Plate n. fig. 4.), would almost ne­
C1.'1lIIarily be fonned. The scattered teem siluated nellT Ihe 
borden of the new ocean-channcl, from being fa\'ourably 
I)laced for the growth of coral, would, by their extension, 
tend to produce fresh margius to Ihe disscvercd portions: 
8uell a tcndency is very evidcnt, (as may he seen in the large 
IlUbliahed ehllrt) in the elongated recfs on the borders of the 
two channels intersecting Mahl08 Mahdoo. Such cllanncls 
would become deeper with continued subsidence, and pro­
bably from the reefs not growing up perpendicularly, some­
what broader. In this case, and more ca:pecially if the chan­
nels had been fonned originally of considerable breadth, tilc 
di8IC\'cred ponion5 would becomc perfect and distinct atolls, like 
Ari and 11068 IItolls,(Plate II fig. 6.)or likc tbc two Nillandoo 
atolls, which must be considered as distinct, although related 
in form nnd position, lind &eparated from each otller by 
channels. which though deep have been soundcd. Further 
subsidence would render such channcls unfnthomnble, and the 
disscvered portions would then re8Cmble Phllleedoo and Mo­
luque atolls. or Mahlos Mahdoo and I Iorsburgh atolls. (PI. II. 
fig. 4.) which are related to each other in no respect ex­
cept in proximity and position. lienee, on the theoI)' of 
subaidence, tbe disseverment of large atolls, which have im­
perfect margins (for otherwise their wli&C\'erment would be 
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scarcely possible), and which arc exposed [0 strong currents, 
is far from being an improbable event; and the several stages 
from close relation to entire isolation in the atolls of the 
Maldiva Archipelago, arc readily explicable. 

We might go even further, and IU)8('rt IlIl not improbable, 
that the first formation of the Maldiva Archipelago \V1I8 

due to a barrier-reef, ornenrly the same dimensions with that 
of New CalcJonia (Plate ll. fig. 6.): for if, in imagina­
tion, we complete the subsidence of that great island, we 
might anticipate from the present broken condition of the 
northern portion of the r~f, and from the almost entire ab­
scnce of reefs on the eastern coast, that the barrier-reef 
after repeated subsidences, would be<:ome Juring its upward 
growth separated into distinct portions; and these portions 
would tend to l18Sume Illl atoll-like structure, from the coral 
growing with vigour round their entire circumferences, when 
freely exposed to an open sea. As we have some large 
islands partly submerged with barrier-reefs marking tlleir 
former limits, such ns New Caledonia, so our theory makes 
it probable that tllCre should be other large islands wholly 
suhmcrgcd; and these, we may now infer, would be sur­
mounted, not by one enormous atoll, bllt by several large 
elongated ones, like the atolls in the Maldiva group; and these 
again, during long periods of subsidence, would sometimes 
become dissevered into smaller atolls. I may add, that both 
in tbe Marshall and Caroline Archipelagoes, tbere are atolls 
standing close together, which have an evident relationship 
in form: we may suppose, in such cases, either that two 
or more encircled islands originally stood close together, and 
afforded bases for two or more atolls, or that one atoll haa 
been dissevered. From the position, as well aa form, of three 
atolls in the Caroline Archipelago (the Namollrrek and Elato 
group), which are placed in an irregular circle, I am strongly 
tempted to believe that they have originated by the proce~s 
ofdisscverment.· 

• The 8.~me remark is, perha[lll, apl>lieable to the islands of Ollap, 
Fanndik, and Tamatam in the Caroline Archipelago, or which eharta 
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Jf-rtg!l.l(1Tl!1-j'onntd Atolu.-In Ihe MarshaU group, Mu.· 
quillo atoll eonsism of two loops united in one point; and 
Menehieofl' atoll u fonned of three loops, twoofwhieh(as may 
be ICen in fig. 3. Plate 11.) are connected by a mere riblx)O­
shaped ret'f, and lhe three together are 60 miles in length. 
In the Gilbert group some of the atolls hll\'e nllrrow strip" of 
reef, like spurs, projecting from them. 'j'bere occur al!lO in 
parm of the open !!Cu, B few linear and straight reefs, standing 
by themselves; and likewise some few reefs in the fonn of 
ere8Centl, with their eJ;trclllitie8 morc or lea curled inward!!. 
Now, the upward growth of a barrier-reef wllieh fronted only 
one Bide of an island, or one side of an elongated uland with 
il.8 eJ;trcmities, (of which casefJ nist,) would produce! after the 
complete subsidence of the land, mere Itrip" or c~cnt or 
hook-fonned reefs: if the island thut partially fronted became 
divided during subsidence into two or more islands, these 
island. would be united together by linear reefs; and from 
the further growth of the coral along their shores together 
with subsidence, reefs of various forms miglll ultimately be 
produced, either atolls united together by linear reefs, or 
atolls with spors projecting from them. Some, howevcr, of 
the more simple forms above specified, might, as we ha\'e 
acen, be equally well produced by the coral perishing during 
subsidence on part of the circumference of lUI atoll, whilst on 
theotherparl.8 it continued to grow up till it reached the surface!, 

Thl GTMt CooflO' &mA.-I have already shown that tbe 
submerged condition of the Great Chagoe bank, (Plate II. 
fig. 1. with ita section fig. 2.) and of some other banh in the 
Chngoe group, .may in nil probability be attributed to tbe 
corol having perished before or during the movements of aubtsi­
dence, to which thia wbole area by our theory haB been 9ub­

are giyenin the Iltlu of Duperrcy·. Toyage: n liM (\mwn through the 
linear reef. and lagoons of thne three ialamll forms a semicircle. 
Conlult abo, tile atlu of LutU'. yoyage ~ and for the ManhaU group 
that ofl\oneLue~ for the Gilblort group (which i'l'I!ferre<ito inlhe 
enluing ('Ilge) O:Olllult the atlll.l of Duperrey·. "'oyll~. M06lofthe 
\)()inUlherertferredtolll<ly,ho,,-c'·CT,bel«ninK~ru;tem·.general 
Atlu of the Pacific, 
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jC<:lcd. The c:ttcrnal rim or upper ledge, (shooed in the 
chart,) consists of dead coral-rock thinly co\'cred with sand; it 
lies at all average dCptil of between fh'c and eight fathoms, 
and perfectly resembles in form the annular reef of all atoll, 
The banks of the second level, the boundaries of whicu are 
marked by dotted lines in the chart, lie frolll about fifteen to 
twenty fathoms beneath the surface; they are several miles 
broad, and terminate in 1\ very steep slope round the central 
c}l:panse. This central expanse I bave already described, Il.!I 

consisting of a !C\,e\ muddy flat between thirty and forty 
fathoms deep. The banks of the second level, might at first 
sight be thought analagous to the internal step-like ledge of 
ooral-rock which borders the lagoons of some atolls, but tllcir 
milch greater width, and their being formed of sand, are 
points of ea&cntial difference. On thc castern sidc of the atoll 
some of the banks are linear and parallel, resembling islets 
in a great river, and pointcd directly towanls a great breach 
on the opposite side of the atoll: tbese are best seen in the 
large published chart. I inferred from tbis circumstance, that 
strong currents sometimes set directly across this Va.<!t bank; 
and I have siocc heanl from Capt. Morcsby tbat this is thc 
case. I observed, also, that the channe1s, or breaches through 
the rim, were all of tbe same dCllth as the CCUlral lagoon. 
like spacc into which thcy lead; whereas the channels into thc 
othcr atolls of thc Chagos group, and as I belicve into moat 
other large atolls, arc not nearly III! dcep as their lagoons:­
for instance at Peros Banbos, thc chaunels arc onl)' of tbe samc 
dcpth, namely between 10 and 20 fathoms, as the bottom of the 
lagoon for a spacc about a mile and a half in width round its 
shores, whilst the central cxpanse of the lagoon is from 35 to 
.10 fathoms deep. Now, if an atoll during a gradual Bub6idenec 
once became entirely submerged, like the Great Chagos hank, 
and therefore no longer exposed to thc surf, \'cry little sedi· 
ment could be formed from it; and consequently the chan. 
nels Icading into the lagoon from not being filled up with 
drifted &:lnd and coral detritus, wonld eontinuc increasing in 
depth, as the whole sank down. In this case, we might 
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expect that the currents of the open sea, instead of any longer 
sweeping round tbe submarine flanks, would flow directly 
through the brellcbca acl'08II the lagoon, removing in their 
course the finer sediment, and prc\'cnting ita further accumu­
lation. We should then have the submerged recffonning an 
external and upper rim of rock, aud beneath this portions of 
the BIInd, botlom of the old lagoon, illtcrsc<:tcd by d~p .. 
water channels or breaches, and thus formed into separate 
marginal hanks; and these would be cut off by Bleep slopc~. 
ol'crhnnging the central space, worn down by the pnssagc of 
lhc~aniccurrcnt1!. 

By these meaus, 1 have scarcely any doubt thal the Great 
Chagos bank hall origillatcd.-a structure which at first ap­
IJoCarcd to me far more anomalous than any 1 hlld met with. 
The proc~!I of formation is nearly the same with that, 
hy which Mahlos Mahdoo lIas been trisected; hut in the 
Chagoa bank the channels of the oceanic currenta entering 
at several different quarters, ha\'e united in a central space. 

This great atoll-formed hank appcaT3 to be in an early 
Itage of dissever men I; ehould the work ofsu1J,;idenee go on, 
from the submergell and dead condition of the whole reef, 
and the imperfection of the S. £. quarter, a mere wreck would 
probably be left. The l'itt'l bank, lituated not far soutb­
ward, sppeaT3 to be pr«isely in this state: it consists of a 
moderately le\-e1, oblong bank of sand, lying from 10 to 20 
fi.thoms bencath the eurfllee, with two 5ides Ilroteeted by a 
narrow ledge of rock which is submerged between 5 and 
8 fMhoma. A little further south, at about the /IIlffie distance 
as the southern" rim of the Great Chagos bank i5 from the 
northern rim, there arc two other swsll banks with from to 
to 20 fathoms on them; and not far eastward soundings weTC 
Itruek on a sandy bottom, with bet\l\"cen 110 and 145 fathom •• 
The northern portion with ita ledge-like margin, closely 
TC!emblcs anyone segment of tlle Great CbagDII bank, 
between two of the deep-water channels, and the scattered 
bank. southward alJpear to be the last wreck! of lCSlJ perfect 
portions. 
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T bare examined with care the charts of the I ndian and 
Pacific OCeans, and h3\'c now brought before the reader al l 
the examples, which I have met with, of reefs differing from 
the type of the c1~s to which they belong; and I think it 
bas been satisfactorily shown, that they arc all included in 
our theofY. modified by occasional accidents which might 
hal'c been Anticipated Ill! probable. In this course wc have 
seen, that in the lap!!c of ages encircling burrier-reefs arc 
occasionally converted into atolb,-thc name of atoll being 
properly applicable. at the moment when the last pinnacle 
of encircled iarl(\ sinks bcncllth the surface of the sea. We 
have, also, seen that large atolls Juring the progressive 
subsidence of the areas, in which they stand, sometimes 
become dissevered into smaller ones; I\t other times, the 
reef-building polypifers having entirely perished, atolls are 
convcrtcd into atoll-formed banks of dead rock; and these 
again, through furtiler subsidence and the accumulation of 
scdiment, modified by the force of the oecanic currents, pas!! 
iuto level banks with scarcely any di5tinguishing character. 
Thus may the history of an atoll be followed from its first 
origin, through the occasional accidents of its existence, to its 
destruction Ilnd final oMiterntion. 

Ofdection, to tIlt theury of th ~ formntion of Atoll, and 
Barrier-reif8.-The vast amount of subsidence, both horizon­
tally or in area, and vertically or in depth, necessary to 
have submerged every mountain, e\'cn the bigbest, through­
out the immelisc 5paCC1l of ocean interspersed with atolls, 
will probably strike most people as a formi dable objection to 
my theory. But as continents, WI large as the spaces sup­
posed to bl'lve subsided, have Uccn raised abo\'e the level of 
the sea,_ wbole regions arc now rising, for instance, 
in Scandinavia and South America,-and as no reason can 
be assigned, wby subsidences should not have occurred in 
somc parts of the earth's crust on as great a scale both in 
extent and amount as those of elevation, objections of this 
nature strike me as of little force. The remarkable point is, 
that movements to such an extent should have taken place 
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within fI period, during which the polypifers havc continued 
adding mattcr OIl and above the same reefs. Another and 
less obvious objection to the theory will JlCrhaps be advanced 
from the cirCUInstance, of the lagoons within atolls and within 
barrier-reefs never having become in anyone instance during 
prolonged subsidences of a greater depth than 60 fathOlns, 
and seldo!1l morc than 40 fathoms: but we already admit. if 
the theory be worth considering, tIlIIt the ralc of subsidence 
has not exceeded that of the upward growth of the corals on 
the exterior margin j we are, therefore, only further required 
to admit. that the ~ubsidenee has not exceeded in rate the 
filling up of the interior spaces by the growth of the corals 
living there, and by the accumulation of sediment. As this 
filling up must take place ,·ery slowly within barrier-reefs 
lying far from the land, and withiu atolls which are of huge 
dimensions and which hm·e open lagoons with very few reefs, 
we arc led to conclude that the subl;idence thus counter­
balanced, mnst havc been slow in an extraordinary degree j­
a conclll8ion which accords witb our only means, namely, 
with what is known of the ratc ami manncr of recent eleva­
tory movements, of judging by analogy what is the probable 
rate of subsidence. 

In tbis chapter it hIlS, I think, been shown, Ihst the theory 
of subsidence, which we were compelled to receive from the 
necessity of gi\·ing to the corals, in certain large areas, 
foundations at the requiaite depth, explains both tile normal 
8lru'?turc and the Ie!!/; regular forms of those two great classes 
of reefs, which have justly excited the astonishment of all persOIlS 

who have sailed through the Pacific Ilnd Indian oceans. But 
furthcr to test the tmth of the theory, a crowd of questions 
wil! occur to the reader! Do the different kinds ofrcefs,which 
have been produced hy the same kind of movement, generally 
lie within the same areas? What is their relation of form and 
position,-for instance, do adjoining groups of atolls, and 
the separate atolls in these groups, bear the same relation 
to each other which island8 do in common archipelagoes? 
Have we re&80n to belie,·e, that where there nrc fringing 

.2 
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reefis. there has not lately been subsidence j or, (or it is almost 
our ollly way of ascertuining this point, arc there (rC<I\lentiy 
proofs of recent clc\'ation? Can we by thill means account 
for the prcscnccofccrtail1 classes ofrccf~ in some large areM, 
and their enlire alRlencc in others? Do the areas which hayc 
subeidetl. as indicated by the presence of atolls and barrier­
reers, and the areM which have remained stationary or luwc 
been upraiscd,M shown by fringing-reef", bear any determinate 
relation to caell other; lind are the dimcnsiolls of these Breas 
euch 1\8 harmoni:!;c wilh the grcatncsa of the subterranean 
changes, which, it must be supposed, have lately taken plnce 
beneath them? is there Blly connectiOIl betwccn the move­
ments thus indicated, Rill) recent volcanic action?-All thelle 
(IUCfllions ouglit to rt'Cei,'e answers in accordance with the 
theory; and if this can be satisfactorily shown, not ouly is the 
theory confirmt..'tl, liut as deductions, the answel"3 are ill them­
selves important. Under this latter l>oillt of view, these 
(lliClItion9 will be chiefly considered in the following chapter.-

• I may take thilopportuuit)' of loriefly cousidcring the appearauers, 
... hkh ... ·ould VroLabl)' be ,.reecntedbyavertieal/ln(\deepseclion 
am:. /I coral fomlalion (referring chiefly to an alOlI) formed by the 
up ... ·ard gro..-Ib of coral during lucctSllivt t ul4idtnceo. ThiJ i. a 
w\.ojeet ... ·orthy of att.l'ntioo, as /I meana of colllpan!lOD ... ·ith ancient 
eoral,trnla. TI1I!.cireunlfert"Illiai part ..... ould eon.i.t of lJ185Si~t .,>e­
eitl.inaverticA\I_ilion, .... ilhlheirinlentiCfllfill('l\up ... ·jthdetritu.; 
buttl,i ..... ouJdbethel)t\rtnloot.ubjecl to . u,,-,"quentdenudation and 
remo'·lll. It is ",ele .. to .peculate how large II Ilroportion or the 
nttriWllnnulllr Ted 'Il'Ouldronsistof ul'right coral,lludbow much of 
fragmentary ....,k,forthi ...... ould depend on many oootingencics,-'luch 
"'"011 thenott of iulloidcntt, oecasion/llJy /lilolling /I {mh gro.·th o{ 
eoral to cover the .. holewrfatt,lIIld 00 the lortakrnhll"ingforee IUfti. 
cienl to throw {ragmen" <)Yer thi. lame Ips«. The eollglomerate ... ·hich 
eoml'0ltl the '- of tht i.lt~ .. onld <if not removed by denudltion 
t~ther .... ilhthetxterior~fon .. hiehitre:llt.)beeon·llicuoulfrom 
the .izeof the frngmenlS,_lhe different degreet i"" .. hieh theyhavc 
beenrouoded,-the pretence of frngments of conglomerate tom up 
rounded and I'I'ccmcnled,--and from the oblique lIr&tiflcalion. The 
eorall ... ·hichlivediu thell1goon-~{lltcllchluccf5llh'elenl,would 
be prnerved upright, and thty would eonlinof many kiod5,genernlly 
m-.och branched. In tru. part, ho .. enr, II very 1&rgi! proportioo of 
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the n:w:k ("nd in iome e38f8 nearly all of it) .... ould be fonned of 
sedimentarymattcr,cither ill all el[ceuively fine, orin a moderately 
COlU'Se Itate, and .... ith the particlc! almostblcnded together. Thewn­
glomerate .... hich W811 formed of rounded pieces of thc branched. coral!, 
on theahore!lof the lagoon, would dilfer flOm t}lat formed on thcislet.s 
and derived from the outer coast I yet both migllt have accumuillted 
"cry nel'lr each other. I have seen a conglomerate limestone from 
Devonshire like a conglomerate now fonning on the shores of the 
Maldi'-aatoll •. The stratification taken WI ...... lmle, would be Ilori­
wntall but the conglomerate bed$ resting On the exterior reef,andthe 
beds of sandstone on the shore!J of the lagoon (and no doubt on the 
external t1anks) .... ould probably be divi,led (alia! Kteling alollandat 
Mauritius) by numerous layeR dipping III considerable angles ill 
differentdircctionl, The calcareous aand$tone and e<Jral rock would 
nlmost nccessnrily contain innumerable ihells, echini,and the bones of 
fish, turtle, lind perh"Jl'!o of birds I possiloly, also, thc bon .... ofsmllil 
ll8urians, as t1lesellnimals fin<l their .... lly to the isiands farrcmote from 
anycontincnt. The large shells of some speciesofTridacuawonld be 
foundvcrticallyimbcdded ill thcsolid rock, in the position in which 
theylil"cd. Wemightexpect,alw,lofindamlxturcoflhercmaiulof 
pelagic alld littoral animals in the strata formed in the lagoon, for 
pumice and the seeds of j>lanlllarctlOll.ted fromdiBtautcoulltriclilllo 
the lagoons of mauyatolls: on the outer C(/8Ijt of KeelingntoU, near 
Ihe mouth of the lagoon, thecascofapclagicl'teropo<iousaniUlal"'as 
brought up on the arming of the rounding lead. Allthelooacblocks 
of coral on Keeling atoll were burrowed by "cmlifonn IInimals; lind 
as evcry ca"ity, no doubt, ultimately becomes filled with spathOl!e 
Iimestonc,allibsofthe rocktakcnfromacon&iderablcdepth,wonld,if 
polished,probablycxhibttthcnca,-atiollBo(such hurrowinganimal8. 
The conglomcrate lind fme_grained b~ds of coral-rock would be hard, 
sonorous, wbite, lind composed of nearly pure ea\ca.reou! mattcr: in 
some few parts, judging from the specim .. ns at Keeling atoll, tIler 
,,"ophlprohably contajna.6nlllllquanlityofiron. FIOll.\ing l)umiccand 
scorire,andocc""ionallystonestran.portedin Iheroot.softrccs (see 
my Journal of Re8Cllrchc" p.549) appear the only sources, through 
which foreign matter i. brought to coral-formatiOIl$ standing in the 
Ol'cnocean. The arca over which sediment is transported from corn!_ 
rcds must be considerable: Capt. Moresby informs me that during the 
change ofmonlIOOns., the lea is discoloured to a oonsiderable distnnce 
off the Maldi"a and ChagO<l atolls. The sediment off fringing and 
barrier coml-recf~ must be mingled with thc mnd, which is brought 
down fromthela.nd,and is trnnsl'ortedsealla.rd through the breaches, 
which occur in front of almOl!tevery vaney. If the atolls ofthe larger 
archipe\ag~"'(IeUllraisrd,thebcdoftheoceanbeingconverlcdinto 
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land, they would form fiat-lopped mountain., varying in diameter from 
afewmil ... (thelmall ... tBlolilbeingwomll.1fll.yltosixtymile.,Bnd 
frombeinghorizonlallyilralifiedandofiimilarcom~iliou,they"'ould, 

IISMr.Lycllh~remBrked,fal&elyappcarll'irtheyhlldoriginallybcfn 

united into one vBsteontinuOUl mas&. Such great .tratll ofoornl·rock 
,,·ould rnrely !J.ell.55OCiatedwitlleruptedrolcauicmatler,forlhiacouid 
only lake place, lIS may he inferred from ,..hatf"llo.,,·.intltenexl 
chapter, when the area, in which they were ftituatcd, commenced 1.0 

me, 01' at leut ccllJlcd w subside. DuringtheenorrnoWiperioonCCCI­
saryto etfcctan cleration of the kind just alluded to,lhelurface would 
necno!arily be dcnudcd to a great thiclmeM; heneeit;' highlyimpro­
bablethatany fringing-reer,orevenanybarricr-ruf,al IClUit of thOfie 
encircling sDlIlIi islan<h, would be pre&ervcd. From thil same cause, 
the stmla ... ·hic!, were formed .,,·jthin the lagooUi of aton. and lagoon_ 
channels ofharrier_reefo;, and which mllSt consist in alar&" part of 
osedimentary maller, would more onen be prese .... ed to future a~, IltBn 
the exterior mlid rfff, compolled ofmlUiliive corall in an upright 
pOIiitionjalthoughitilouthiacxkriorpllrt,thattheprl!Sf'ntell:ialence 
and further growth ofatolll II.nd barrier-reefs cmirely depend. 
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ClIAI>TElt VI. 

O~ TilE DI8TIUn UTIOS OF COItAL· UEEJI'II WITII R.EP&a.ENCE TO 

T II B TUEORY OF TUE I" }"OR;\IAT ION. 

Dump/1M olin c«o<.rtd aap-l'ro.ri."'1 of ololl# ""d ixJrrin.r«/,_ 
Rt/a/,o.. ilf, /_1UId pt>fiI_ of .10/4 0&1110 onJi_ry I"M-.h-Dir«/ 
enikrtu _/ ..... jrkNu diJlit:tdllo H tkkctetl-l'r'Hf. of rffmJ. fta:tJliQlt 

.. .v.w In,.,.·", -I' D«M,-O..,iJUoliotu a.f kM-A'-'"', of activ. 
......,." ... no 1M aNfU ".I nduuu..c-J __ "'!1 ~f 1M offlU 1C •• ~1 M" 
lwto llnattd. .1Id h"(>11 "uu,ihd-TAft', ma""" /0 lA, prunU d;'tri_ 
btil..,.. 0/ 1M la,.d-Ar~ of ,,,btidnou flot/la/fIl, {Mi. i"',u~ti.,,. 

.. "d«/ltnta{."oIt.u:iIIllltOftofdel·/Jlio,,-ArlWI<lll,flltd.I_,a/'o.flh4 
nbf,"dm«-II«upil..u.I'o". 

IT will be convenient to give here 11 short account of the ap­
pended IMp (Plate Ill.); n fuller one, with the dllta for 
colouring each lpol, i9 resen-cd for the AppenuiJ.:j and entry 
place there referred to may be found in the Indu. A larger 
chnrt would lllwe bc<!n desirable; but, ,mall as the adjoi~cd 
onc is. it is the result of mlmy montIa' labour. 1 hll.ve con­
lulted, 88 far 88 I Wftl able. every original \"Opgc aud map; 
and the colours were first laid down on charts on a larger 
scale. The lame blu~ colour, with merely a difference in the 
depth of tint, is used for atolls or lagoon-islands, and barrier_ 
reefs; for we have seen, thai as far 113 the IIctual coral-forma­
lion is concern cd, they havc 110 diltinguishing character. 
l~rillgillg-reefll ha\"e been coloured red, for betwcen them on 
thc one hand, and barrier-reel'!. and atolls on the other, there 
is an important distinction with respect to the depth beneath 
tbe IUrface, Ilt which we are compelled to belic\"c their fOUD ­
datiolll lie. 1'he two distinct colour&, therefor!', Dlark two 
great types of structure. 
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The dar. blue colour represent!! atolls and submerged annu­
lar reefs, with deep water in their centres. 1III\\'c coloured 
as atolls, a few low and small coral-islands, without lagoons; 
but this hWl been done only when it clearly IIPPCIlrc<l that they 
originally contained Ingoolls. since filled up with sediment: 
when there were not good grounds for this \x:<licf, they have 
been left uncoloured. 

The pale bllUl colour rcprcsenUJ barricr-recf8. The most 
ohvious character of rce& of tb~ c1l1S'1 is the brood aod deep­
wllter moat v';thin the reef; but this, like the lagoons of small 
a\olle, is liable to become filled lip willl detritus and ~ilh rcefs 
ofdeliciltcly-Immchcd corals: when, thcrclorc, n rcCfroliUd tllc 
entire circumference of an island extends vcry filr intll a pro­
foundly dcep sell, 80 tbat it can hardly be confounded with a 
fringing-reef which must reet on a foundntion of rod: within 
a small depth, it has hcell coloured pale blue, altbough it does 
not include a deep-water moat: but this IIJ1B only been done 
rarely, and each ellllC is distinctly mentioned in the Appendil:, 

The red cowur repre6Cnts reefs, fringing the lund quite 
closely where the sell is deep, lind where the bottom is gently 
inclined cl:tendillg to a moderate distance from it, but not 
hM'ing a deep-watcr moot or lagoon like ' l)acC parallel to the 
wore. It must be remembered that fringing-reefs are fre­
quently hfflLClud in front of rivera and valleys by deepish 
channels, where mud has been deposited. A space of 30 lIIiles 
iu width has been coloured round or in front of the reefs 
of each class, in order thnt the colours might Le conspicuous 
Oil the appended map, which is reduce4 to 50 Slllall a scale .. 

The t'amili01/. ,pots, and strcaks, represent \"ulcanos now in 
action, or historically known to have been sO. They are 
chiefly laid down from Von Bueh's work 011 the Canary b· 
lanw; &lid my reasolls for making a few alterations are given 
in l1.le note below.-

• I havclllwmadeooniidernble WlC of the gl'Ologiclllpartof Berg­
haut'PhylicalAtlna. Beginning at the elUtem _ide or the I'aeille, I 
have&(ldedtotbe numlJerOfthC\'o\canOll inthetouthem I'artofthe 
Cordillera, and have roiollrc:dJ'L&IlFcrnanduacc:oroillgtoobi;el"VlltiolUl 
rolltetedduringlhe v"yal.~ orlheJJt9glt. (Geo\. Tl"IIl1f.v(lI. .... p. 601.) 
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The II.rlcolllll.rnl coo.III consist, first and chicOy, of those, 
where there lire no coral·recfs, or 80ch small portions as to be 
quite insignilicant. Secondly, of those coast!! where there are 

I hal''' added 1\ \'olcano to Albernl\"" Idllnd, One of the Galapap 
Arehipo:]ago, (the lIutoor', Journal of neeearche.., p. ~7). In the 
Sandwichgl'OUp there nre nO aclive vo!cnnOl,exccl)tnt l lllwaii , LUlth .. 
lI .. v, W. t;1li, inforlllll me, there are 11~lInu of Inn apr.rently modem 
on Maui,havinganryrt«otapp<"aranu,whieheanbelraeedtothe 
eme .... hence they fIowtd. The .. ~ gentleman infonns me, that 
th .. ", it no mIIOD to believe that any active volcano niu .. in the 
Society Archipelago i lIor IIrc t)lcrelulykuo ... ·n intheSamoao. Navigator 
group, althougil I(Ime or the ItUll1U8 of lava and cnter1 IhereapP'"iIr 
reffot. In the Friendly group, the Rcv.J. William.AYI (Narrative of 
MiAiGnllryt:nterpriee",,29) thatToofoaand Probylalandla~active 
,·olean..,.. I inrer from lIamihon'. Voyage in the I'andora (p. %), tha~ 
l'robyMandillynonymous"'ithOno\ulfou, but I h ... ve not,'cntured 
to colour it. There can be no doubt respecling Tooroa; andCapl ... in 
Ed.ram.. (Vou Ruch, I) 386) found the Iliv. or a recent erulltion at 
Amargura Ilm t moking. Btrghlill8 m.arU fuur IIctiye .. olc.oan .... actuaily 
,,·ithinlheJ.'riclldlygroup; I.Iut l donoc.kno ... on .... h.t.uthorily: 
I may m~nl ion that M ... urelle d~ribel LaUe ... hliying • l.mml-Ujl 
III'pelll"llnce; I hllve mllrkedonly Tooloaand Amargunl. South of the 
r.;cw Hcbride. lies Mauhe .. ·• Rock, which it drawn lind deacriiled as an 
active crater ill the vOYlige of the Ad~k Bel .. "een it IlId Ibe 
",oleano on the fl\$Icm .ide of New Ze.land, liCi Drilll!ltone hillDd, 
" 'bieb from the high tempt'ratnre or tbe .. · ... lu in the crater, maybe 
mnked l1li IIctive. (llergh.1l8 Yorbcmerk. Il.l.ief. S.!I6). .M.lte 
lJruo,,·o\.xii.jl.:l3I, .... y.th.ttherei.a,·oklinoneu ponSL Yinernt 
in Ne ... Caledonia. I believe thit to be.n error, arilillg from a ImQkt' 
Ren on tbe oppil<#i/' c:oast by Cook ~ .. nd voyage, Y01. iL11. 23) "'hleb 

,lIIOOlr.e,,·cotollt.tnighL The Marialll I,l ... nda,""pttially we northem 
00"", contain lJl.lU1y craten (1I'eFreydnel" Hydrog.l)eseripl.) ~'hicb 
... re notaclive. Yon Uucb,hQwever,ll1ItCl(p.46'2)ontheauthorityor 
La Pc)"rotIR, thllt Ihere.re no Ie"" than sev~n volean ... bt:'tween tbeae 
ilhmds and Jal""u, Gemelli C ..... ri (Cilurehill'. Collf"(;l. "01. iy. p.~), 
lIIyl wre are 1"'0 acti .. e volean ... in lat. 23"'JO'aud in lilt. 24"; bu~ I 
b llVe not eoloul"1'd Ihfm. From the statements in lJnehey'IVoyage 
(p. ~18, 4to fdit.}.I h8\'e coloured onc in the northern I'lln of the 
Bonin group. M. S. Julien h", c1elU"ly made out from Chin..." manu_ 
..,ri\U not ,tory andent, (Comptn )tenduI, 1840, p. 83l), that there a~ 
two active .. olCllDOII on the eaalem aide or t'ormorsa. In 1'orrnStnlit., 
.:.n C ... p Ialand (9"4WS. 1.(:!'>39'E.) a volcano ... '" ~n I.urning with 
S",at violence in 1m by Capt. Hamilton (lICe Introduction t.o ~-lilldeno' 
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reds, but where the.ea is "ery shallow, for in thia case the 
rec!u generally lie far from the land, and become very irregular 
in their forms j where they have not become im-gular, they 
have been coloured. Thirdly, if 1 had the means of ascer­
taining the fact, I Illouid not colour a rocf merely eoatillg the 
edges of a submarine crater, or of a le,·c1 submerged bank j 
for lueh superficial formations differ ellSCntially, even when 
not in external appeanmee, from J"C('f~ whose foundations as 
well III Buperlicice have bet!n wholly fonned by the growth 
of coral. Fourthly, in the Red Sea, and within BOrne 

parts of the East Iudian Archipelago, (if the imperfect charts 
of the latter can be trusted,) there arc mnny scattered reef~, 
of small size, represcnted in the chart by lIlere dots, which 
rise out of deep water: tbese cannot be aITllngcd under either 
or the three classes: in the Red Sea, howc\'er,SOme of these 
little ree&, from their position, seem once to have formed 
parts of a COlltillUOUS barrier. There cxist, also, scattered in 
the open ocean, some linear Rnd irregularly-formed strips of 
eoral-reer, which, l1li shown in the JWlt chapter, are probably 
allied in their origin to atolls j but l1li they do not belong 
to that closs, they have not been coloured; they are very 
few in number, and of insignificant dimensions. Lastly, 

VO)'1l~, po 41).. Mr. M'Clelland (Report. of Committee for invtsti_ 
gating Coal in India, P. 39) ha. .hown that th • .-olanic bAnd .-illg 
through Buren hlend ml1$l be extended nortllll'anh. It appean by 
nn old chl\rt, that Ch~uba \If" on~ an !\Ctive volcano j (See allO Silli. 
man', North American Journal, vol. x:uviii. p. ~.) In Derghalls' 
Ph)" .. AtllUl, 1840, No.1 of Geological Part, a VOICliRO on the OO3It of 
l'ondicherryileaid to han bunt torthin 1157. Ordinaire(Hist. Nat. 
dee Volcans, p. 218) _y' that there ia One at the mouth ot the Persian 
Gult, but I have not ooIoured ii, &II he giVts no p&nieulan. A rolc:&DO 
in Amsterdam, Or St. PlUl'., in the _them pan of the Indian Ocean, 
hu been leen (Nant. Msg. I~, p. 842) in action. Dr. J. Allau, of 
"'o~I,informsmeinaletter,thal~'hen he will nt Joonna, he law at 
nigllt flames, apparently voleanic, iMuing from the chiefComoro hland, 
.nd tilat thcArablalllured him that the)"werevolcanic,adding that the 
1'olcanoburned more during the wtt IleMOn. I bavelIll\rked thia .. a 
1'olcano, though with lOme htsitation, on account of the posr;ibilityof 
the llame arising from gueow iOUree.. 
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.orne I'CC!fs are left uncoloured from tbe want of information 
res])Ccting them, and IOnIC because they arc of an interme­
diate structure betw«n tbe harrier and fringing classes. 'rhe 
value of the Dlap is iC88(!ncd, in proportion to the number of 
reefs which 1 have heen obliged to leave uncoloured, although, 
in a theoretical point of view, few of them present aDy great 
difficulty; but their number is not very great, as will be 
found by comparing the map with the ltatements in the Ap­
pendix. I have upericnced more difficulty in colouring 
fringing.rcefs than in colouring barrier-reefs, a5 tbe former, 
from their much leu dimensions, ha\'c iCB8 attracted the atten­
tion of navigaton. Asl have hml to seck my information from 
all kiud of sources, and oRcn CrOll) indirect oncs, I do not 
venture to hope that the map is free from many erron. 
Ncn·.rtheless, I trust it will give aD approximately correct 
view of the general distribution of the coral·recfi over the 
whole world, (with the exception of some fringing.reefs on 
tbe COMt of Brazil, not included within tbe limits of the map,) 
lind of their arrangement into the three great classes, which, 
though ncce8S/U'ily "cry imperfect from the nRture of the 
objccta classified, ba"e been adopted by mOllt voyagers. I 
may further remark. that the dark blue cotour represents 
land entirely composed of coral-rock; the pale blue, land 
witl. a wide and thick border of coral· rock ; and the red, a 
Inere narrow fringe of eoml-rock, 

Looking now at tIle mOtl under the theoretical point of 
. view indicated in the l8.9t chapter, the two bille tina signify 

that the foundations of the reeD thua coloured ha,'e subsided 
to a considerable amount, at a slower rate than that of the 
upward growth of the corailJ; and lbat probably in many cases 
they fU'C still subBidiog. The red signifietl that the sbores 
which support fringiog·rediI bave oot subsided (at least to 
IIoy considerable amount, for the effects of a lubeidence on II 

&mall&eale would in 110 eMC be distinguishable); but that they 
have remained nearly atntionary since the period wben tbey 
first became fringed by reefs; or tbat they are now rising or 
have been upraised. with Dew liDeti of reer. successivcly 

(C)Th Comolete f h rl ~ rwI n lLn~ 



1:!4 [CIUI'.VI. 

formetl on them: thete Iauer altemath'es are obviously im­
plied, as newly.formed lines of IIhore, after ele\'ations of the 
land, would be in the !;Hme state with respect to the growth of 
fringing-reefs, as stationary COIISts. If during the prolonged 
subl!idence of a shore, coral-reefs grew for the first time on it, 
or if an old barrier-reef were destroyed nnd submerged, and 
new reefS became attached to the lnnd, these would necessarily 
at first belong to the fringing eitl.S!l, and, therefore, be coloured 
red, although the COMl was sinking: but 1 have no reason 
to believe, that from thi~ sourcc of error, any coast 1Ia.s 
been coloured wrongly ,,·ith respect to mo.-ement indicated. 
Well charaeteriz.ed atolls and encircling barrier reefs, where 
several occur ill a group, or a single barricr.reef if of l!l~ 
dimensions, leave scarcely any doubt on the mind respecting 
the movement by which they have been produced; and even 
a Snlan amount of subsequent c1e\'ation ill soon betrayed. 
The evidence from a single atoll, or a !ingle encircling bar­
rier-reef, must be received with lOme caution, for the former 
may possibly be bused upon a submerged crater or bank, 
and the latter on a suhmerged margin of sediment, or of 
wom-down rock. From thC!le remark! we may with greater 
certainty infer that the sJ>3cea, e!pecially the larger one8, 
tinted blue in the map, have su~ided, than that the red 
spaces ha\'e remained stationary, or ha\'c been upraised.. 

On the grollpi1lg of tht dijftrtllt cf<mtr of rtt'fol.-IIaving 
mnde these preliminary remarks, I will consider fint how filf 
the grouping of the different kinds of cornl-islands and reefs 
is corrooorn(h'e of the truth of the theory. A glance at the 
map shows thnt tuc reefs, coloured blue aud red, prodnced 
undcr widely different conditions, are not indiscriminately 
mixed together. Atolls and barrier-ft'(!fs, on the other hand, 
as may be &cen by the two blue tint.s, generally lie near each 
other; IInLl tbis would be the natural result of both having 
been produced during the subl!idencc of the areas in whieh they 
staud. Thus, the largeet group of encircled islands is that of 
the Society Archipelago; ami the&c islands are 8urrounded 
by atolls, and ollly separated by a narrow space from the 
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large group of Low atolls. In the midst of the Carolin~ atolls, 
there arc three fine encircled isl:lIlds. 'I'he northern point of 
the barrier·reef of New Caledonia seems itsclf, as before re..­
marked, to form a complete large atoll. The great Austra­
lian barrier is described as including both atolls and small 
encircled islamls. Capt. King- mentions mally atoll·formed 
and encircling eoral.reefS, some of which lie within the Lar· 
rier, and others lllay be said (for instance between lat. 16° 
and 13°) to form part of it. Flinderst hu.s described lUI atoll· 
formed fCef in lat. 10·, scven milCll long aud from one to 
three broad, resclllbling a boot in shape, with apparently very 
deep waler within. Eigbt mil~s westward of this, and form. 
ing part of the barrier, lie the :\Iurray Wands, which arc high 
and are encircled. In the Corallian sea, between the two 
great barriers of Australia and New Caledonia, there arc 
many low islets and coral-reefs, some of whicb are annular, 
or horsc-shoc shaped. Observing the smallness of the seale 
of the map, the parallels of latitude being 900 llliles apart, we 
see, tbat none of the large groups of reefs and islands sup· 
posed to have been produced by long-continued subsidence, 
lie Ilear extensil'e lines of coast coloured red, which are 
supposed to have remained stationary since the growth of 
their reefs, or to hal'e been upraised amI new linea of reef>l 
forllled 011 them. Where the red and blue circles do oceur 
ncar each other, I am able, ill several instauees, to show that 
there have been oscillations uf level, subsidence hal'ing pre­
I!eded the elevation of the red spots; and elevation having pre· 
ceded the subsidence of the blue spots; andip. this case the juxta. 
position of reefs belonging to the two great types of structure, 
is lillie surprising. We may. therefore, conclude that the 
proximity in the same arcu.s of the two classes of reefs, which 
owe their origin to thc subsidence of the earth's crust, and 
their separation from those formed during its stationary or 
uprising condition, holds good to tIlC full extellt, which might 
have heen anticipated by our theory . 

• Sailing DirectionB, 3ppcndedto vol.ii. of his SurveyingYoyage 
to AlIstr~\ia. 

t Voyage to Terr1l. A,,~trnlis, yol. ii. p.33(i. 
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A, groups of atolls have originated in the upward growth. 
at each fresh sinking of the land, of thOllC reefs which prima­
rily fringed the shores of one great island, orof levera\ smailer 
onu; so we migl!t expect that these ringa of cornl-rock, like 
110 many rude outline charts, would still retain IIOmc traces of 
the general form, or at least general range. of tbe laod, round 
which they were first modelled. 'fbal Ihis is the Calle with 
the atolls in the Southern Pacific as far a.a tbeir range is con­
cerned, &Cems highly probable, when we obscro'c that the 
three principal groupe arc directed in N.W. Bnd S.E. lincs, 
lind that llcarly all the land in the S. Pacific ranges ill this 
same direction; namely, N. Western Australia, New Calc_ 
danin, the nonhcrn half of New Zealand, the New Hebrides, 
Saloman, Navigator, Soci(,IY, MarquCSM, and Austral archi­
pelagoes: in the Northern Pacific, the Caroline atolls abut 
against the N. W. line of the Marshall atolls, much in the 
lalne manner as 111e E. Ind W. liDe of islands fronl Ceram to 
New Britain do on Ncw Ireland: in the Indian Ocean the 
Laecadive and Maldiva atolls extend nearly parallel to the 
western 80d mountainous coast of India. In most rcspeclll, 
there is a perfect rc8Clllblnnce with onlinary islands in the 
grouping of atollA and in their form: thus the outline of all 
the larger groupe is elongated; and the greater number of 
the individual atolls arc elongated in the same direction 
with tile group, in which they Itand. The Chag08 group is 
lellS elongated than is usual with other groupa, and the indi­
vidual atolls in it arc likewise but little elongated; this is 
.. rikingly seen by eomj)llring them with the ueighbouring 
Maldiva atolls. In the Marshall snd Malc.lil'a archipclagoe .. 
the atolls arc ranged in two parallel lint's, like the mountain. 
in a great double mountain-chain. Some of the atoUs, in the 
larger archipelagoes, Bland 80 near each other, and have such 
an e,·ideot relationship in form, that they compo6C little sub­
groups: in tile Caroline Archipelago, one Buch Bub-group 
eonllists of Pouynipete, a lofty island encircled by a barrier­
~f, and separated by a channel ooly four miles and a half 
wide from Andeem8 8toll, with a seeond atoll a little further 
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off. In all these respects an examination of a series of charts 
will show how perfectly groups of atolls resemble groups of 
commoniallinds. 

On t!le direct evidence of the bllll! space, in tI,e map 'w.ving 
,uhsidM dudng the upwu.rd grmcth of the reif$ 8() coloured, and 
of tke red spaces harillg remained stationary, or !Iaring hun 
uprai.wd.-With respect to subsidence, 11)avc shown in the 
last chapter, that we cannot expect to obtain in countries 
inhabited only by scmi·civilizcd races, demonstrative proofs of 
a movement, which invariably teuds to conceal its own evi­
dence. But 00 tbe coral·islands suppo;;ed to Illwe beeo pro­
duced by sub~ideoce, we have proofs of changes in their ex­

ternal appearallce-of II round of decay and renovation-of 
the last vestiges of land 011 Borne-of its first commence­
ment on others: we hear of storms desolating them to the 
astonishment of their inhabitants: we know by the great fis­
sures with which some of them are travcrsed, and by tbe 
earthquakes fdt under others, that subterrauean disturbances 
of some kind are in J)rogrcss. These facts, if flot directly 
connected with subsidence, as I believe tliey are, at least 
show how difficult it would be to discover proofs of Buch 
mO'·cment by ordinary means. At Keeling atoll, however, 
I have described some appearances, whieb seem directly to 
show that subsidence did takc placc there during tbe laIC 
earthquakes. Vanikoro, according to the Chevalier Dillon, • 

• Sef: Capt. Dillon'. VQyage in seareh of LIlI'eyrouse. M. Cordier 
inhislteporton the Voyage of the Astrolabe,(p. c::<i. VQI. i.) speaking 

. ofVanikoru, sayl the shore. are surrounded by reef. of nuulrepore, 
"91"0>1 aln<re i/rethjf>f"1NJt,rm /ou/_a-jui/mOO"",,." I have in '"!lin 
en<tel'l\"OUm 10 learn some fllrt.herparticlllaI1l about this remarkable pas· 
flagt'. I may hercadd,thalacoording to ourtheory,tlte island of Pouy­
nipHe, (1'1.1. fig. 1.) in the Caroline Archipelago, being encircled bya 
barrier.recf, mlUthave8ubsided. In the New S.WalesLit. Arlvert. }'eb. 
1~,(whichrhaveseenthroughthefl"'QurorDr.J,\oghtsky,)theuis 

an accqnntofthis island,(iuhsequcntly eonfirmed hy Mr. Camj)bell,) in 
which it is llaid, "At the N.E. end, at a place called Tamen, there are 
ruinsofatown,.wIDmd!laccessiblebyboats,thewtwe!lrMCf""glolh"lt[M 
oflhelv:Juul." Jlldgingftomthisp8.86IIge,onewouid!Jetemptedwe<Jn· 
dude thnt the islandmustha,·csubsided,since these hoUSCI were built, 
r may, ai80, here appenda stntemcnt in Malte Bmn, (vol. ix. p.77fl, given 
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is ollen violently shaken byearthqu"k(.'s, and there, the un­
usuaillepth of the channel between the shore amI tile recf,­
the almost entire absence of islets on the reef,-its wall-like 
structure on the inner side, and the small quantity of low 
allnvialland at the foot of the mountains, all seem to show 
that this island has not remained long at its prest'nt level, 
with the lagoon -channel subjected to the accumnlatiou of 
sediment, and the reef to the wear and tear of the breakerll. 
At the Society Art'hipclago, 011 the other hand, where a slight 
tremor is only rarely felt, the ~hoalness of the lagoon channels 
round some of the islands, the number of islets formed on the 
reefs of others, and the broad belt of low land at the foot of 
the mountl.ins, indicate that, :tlthough there must have !Jcen 
gre:tt subsidence to have produced the barrier-reefs, there has 
since elapsed a long stationary }X'riod.-

without any authority,) that the Bea gains in an ntraordinary mlUmer 
On thc COILllt ofCochin China, whichliel in front anol near thesubsidiug 
coral_reels ill the ChinaSea: 118 the eoast ia granitic, and not alluyial, it 
isscareelypoolliible that the cncroachm~nt of the sea can beoldng to 
the wlI8hing n.ay of the l:md; anol ifw,;lmllllt be due tOiubsidenCE-. 

- Mr. COuthOIlY states. (Remarn. p.44,) that at Tahiti and Eimeo 
thespaeebetweenthereefandthesboreha6beennearlrfiUedupby 
tbe exteu8iou of those coral-reefil, which within most bamer-reefzi 
mc"dy friuge the land. From this circUlu5tanCE-, he arriveII at the SlIme 
conciusionui have done,tha.tthe Society hlandssince theirsuL_ 
aiuencehanremainedatationllryduring II longperioo; Luthefurther 
believellthatthey have recentl}'commcncedrising.1IS 'II'eU aslhe whole 
"TCa of the Low Archipel"go. lIe does not gh'e any detailed j'roof, 
regarding the elevatioll ol the s.o.,icty I~lands., Lut I shall refer to thi, 
suLjectinanother part of this ehapler. Before making wme further 
comm~nt', I may observe how I18tisfactory it is 10 me, to find Mr. 
Couthouy affirming. that" IUI\'ing personally examined a large number 
of coral-islands, and also re5iding eight montha among the volcanic 
ciaM, ha,ingshore and partially encircling reefs, I may Leperrnitte(1 to 
state that my own oilser't"ationshave impre85ed a conviction of the cor­
reetnea of the theory of Mr. Darwin." 

This g<:ntleman believeII, that subsequently 10 the subsidence by 
which the atolls in the Low Archipcillgo were produced, the whole 
area haabeen elcvated to the amount of afe .... · feet; Ibii lI'ould indeed 
bearemarkablcfacl, hutll8fllr(UI I am able to judge,the groundiof 
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'filming now to lllc red colour j as on our map, the areas 
which have sunk slowly downwards to great tlcplllS are many 

his conelUlion aI"C notsufficiendYltrong. He states that he loundin 
almost every atQll,..hich he visited, the soores of the lagoon rai~d 
(rom 18 to 30 incbes abo,·e tile &ea..Ievel, ami containing imbedlled 
Trid!lenaland corals standing l1li they grew; IIOme of the corals were 
dead in their upper "aria, butklow a certain line they continued 10 
flourish. In the lagoollll, al.lK>, he frequently met with clustelll of 
madrepore, with their extremities 'tanding from oue inch to a foot 
above the ""rf!lee of the ,,·ater. Now,these appearllneel are exactly 
what I shouldha ... eeIpected,without anysul.wiequcntcicva,ion h; ... ing 
taken "lace; and I think Mr. Couthouy hlLll not borne in mind Ihein_ 
disputable fact, that corals, when constantly bathed by the lu rf, can 
exist at a higher level than in quite tranquil water, lIS in a lagoon. AI 
long, therefore, lIS the WII'·eIl continued al low W!LtCI to break entirely 
ovel I'artl of the annulal reef of an atoll,submergedloa small del'th, 
the colalland shdllattached on thescparls might continue living at a 
level abo,·e the BJllooth IInrrace.of the lagoon, into which the W!Lvel 
rolled; bntllll BOOn III the outer edge of the reef grew up to its u!mYt 
~ibleheighl,orifthereefwereverybroadnearlytothatheighr,lh" 
forceofth"brea.kel"llwouldbeeheekcd,andtheeorailiandshclljou 
the inner parts near the lagoon would occuionaUy be left dry, and thu$ 
be panially or wholly destroyed. Even in atol\s, which ba,·e not 
l!LtelYlubtiided,if theoulermarginoflhereefeonlinuedtoincrea&cin 
b«adth sealum, (ellCh fresh ~onc of coral. ri~ing to tbe ll>UIle .. ertical 
height u at Keeling RtOit,) the line where the wa,·el broke mOlit 
heavily would advance outwardB,and tilereforetllecol"lt.!.which, when 
living near the margin, were washed by the brca.kingwavel during 
the whole of each tide, would cease being SQ,and"'ould therefore he 
left on thebaekward part or the reer 8tandinguptlflCd and dead. The 
case of the madreporea in the lagoons with the topB of their branch", 
expo.ed,!leeml to be an analogoustacl,tothegreatfieldsofde!Ldbut 
upright COmli in the lagoon of Keeling aloll;-a condition of thiug~ 
which I ha,·e endeavoured toahow, has reoulted from the lagoon ha~ing 
become more and more endOlled and ehoked up with reefi, 00 that 
during high wiuds, the rising of the tide (as ol.wierved by the inb!Lbitanlll) 
ische.:kcd,and the corllla,which had fonnerl), grown 10 the greatClit 
po!lSible height, are ocea.sionallyexposed,and thus are killed: and 
this i, a condition of things, towards which almOlit every !Ltoll in the 
intervals of ils lubsidenee must be tending. Or if ,,·e look to the 
state of an atoll directly after a subsidtnee of oome fathoml,the .. ·a,· e$ 

would roll hea,';ly over tbeentire circumference of tI,e ret!, and the 
~urfaceofthel~nwould1ilretheoce!Lnneverhequitea!relt,and . 
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and large, wc might naturally have been led to conjecture, 
that with such great changes of le\'el in progress, tbe eoasls 
which have been fringed probably for ages., (for wc have no 
reason to belicvc that coral-reefs are ofahort durution,) would 
not have remained all this time stationary, but would fre­
quently have undergone rnO\'emenls of elevation. 'f his BUp­

position, we ahall immediately sec, holds good to a remarkable 
extent; and although a stationary condition of the land 
can hart11y ever be open to proof, from the evidence being 

therdore the eomla in theJ8goon, from bcingronstllntlylavedbytho 
rippling"·llter,mightn:tendthcirbnlnchtstoD.littlegrt1lterhtight 
than thl'y t'Ould, whl'n the lagoon beeame enclOied and protected. 
Chmtmaa lUolI, (2' North w.) which hal a very ,hallow lagoon, and 
ditren in leveml fffllJeeUJ from mOlt atolll, possibly may han~ ~n 
clevatl'd recently; but i" highcatP'lrtappean(Collthouy, p. 46) to be 
onlyten rettabovethelCa-level. Thefnet.lofa...,conddllSS,llddueed 
by Mr. COlllhouy, in IIIJlpoTt of the allegtd ffffnt ele.-a.lion of the 
Low Al'C'hi(M'lago, are not all~ts~lIy thole rerening to D. aht lf or 
rock) quill' intelligible to me: he beliueI that certain ennnnous rl'llg_ 
menta of rock on the reef, must hllve been movl'd into their pJ't'ICnt 
llOl!ilion,when Illc reefw·lIID.talower le"cli but here lignin the force 
of the LTCIlkenon aoy inncrpoinlof the rtef beingdimini5hedbyit~ 
OUIllian! pGlI'1h. without any change in iU le .. el , hal not, I think, been 
bome in mind. We Ihauld, abo, Dot o.'erlook the occlUion.1 agency 
of waves CIIuwi by eartb'Jullkes and burrit'1lncs. Mr. Cauthouy fnrthtr 
argucs,lhlltlinccthesegrentfragml'O\1lWeredcpoIlite,llIndfh,edonthe 
rter,theyhllve~tlCVl\tcdlheinfenthil fromlhegreatectlltllount 

of e .... ioo not beiog nelr their basel, where they are un"""';ngl)' 
"iu.hed by Ihe reflux of the tide.. but at lOtne height on their lidel, 
near th~ line of high·water mMk, III aho ... n in aD accompllllying dia_ 
gram. My fonner remllrk Rg>'Iin nppliu here, wilh thil further obe(o r. 
vation,thlllllltheWR\·e,hll\·etorollonra ... idelp.ceof reefbefore 
they reach the fl'llgmenlJl, their rorce must be gn'atly inereued \lith 
the inCrc&lingdepth of,..lIter aI the tidc rises, and therefore I shoold 
have t:It(M'Cled that the chief line of Pl'ell'Ilt e .... ion "looM ha"e 
eoineided wilh the line of high.waltt mark; and ir the !'ttf had grown 
outward_, that there woul!! ha,·c been line. of crosion lit greate r 
heighta. The t'OneiUlion, to which I am finally led by the interesting 
obee .... ation. of~Ir.Coolhouy,i .. thaI tbe atolls in the Low Archi~lago 
have, like tht Soeiel)' l~land .. I?mained a.t. stationary level ror .. 
long period: and thill probably is the ominary eoune or evenlJ!, lubei· 
,len<:eluf'trfcningafler longinter'lllllorrtllt. 
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only negative, we are, io some degree, enabled to ascertain the 
correctne8:l...of the parLi coloured red on the mllp, by the direct 
tClltimollY of upraised organic remains of n mooern date. 

"Before going into the details Gn tbis head, (printed in. small 
type,) I may mention, that wIlen reading a memoir on coral 
formations by MM, Quoy and Gaimnn:l: I WIIS IIStonished to 
find, for 1 Knew that they had cr088Cd both the Pacific and 
I udiau ocellus, that their descrilltion8 were applicable only to 
reefs of the fringing clllSS; but my IIStouishnlent cnded satis­
factGrily, wheu I disco\'ered tbat, by a etrange chance, nil the 
islands which these eminent natnrnlislIl had visited, though 
severnl in numbcr,-namcly. the Mauritius, Timor, New 
Guinea, the Mariana and Sandlvich ArehipclllSocs, eouM be 
shown by their own statements to hal'c been del'aled within 
a recent geological era. 

Iri tho ea.ltem half of the Pacific, the Stmdlt:kh '~la>Hh a", All 
fringed , and almost evcry nntUrliliet who hIlS ~i,ited tlll'lll, 10:8 
rcml!.Tkcdon thcIIbllndanC(lof eJovnted cornl, lind ,hclls,npr~relltly 
idcnticn.1 with living $l'cdes. Tho Rov. '\-. Ellit illforms IIlC, that 
hchunoticc(\roun<ililll·eralllllrtBofllawaii,bcdtofcoral.dclritus, 
aboutt'll'enty feetabon tbelcvd of the.ra, lind where thc coast ia 
low they ea:tl!nd far inland. Upraiecd coral-rock fonns a consider­
ahle ~n of the borders of Oahu; and a, Elir.abcth Lslandt it com­
~ thn!(! .trata, each about ten feet thick. Nihau, which fonna 
thenorthcro., u I1a",aii dOOll the .. ulhem end of the group, (35U 
miltlin length) like'KiAe &eeml to collsist ofccral alld volcanicrocke. 
Mr. Contholl}1 hu lately dCllCfibed with intel'l'llling detail.i!, IiIlI'eral 
upraiecd bckhee, nneicnt roof8 ",·hh their .urfaooe perfectly Jll"l'eCrved, 
and bt.>d. of I'CCE'nt shells and coral .. Ilt tho i~IJlnd1lof Maui, MOo 
roklli, Oahu and1'al\~i(or Kauai)in thi.gronp. Mr.I'ierce,Rn in­
telligent reeident at Oahu, is convinced, frem chRnges which have 
taken llboo within hiB memory, during the l:ut sia:teen ycn.~, "that 
the eh)\'ation i, at preecnt goiug forward at II very percepliblerate:' 

• AnnlllndtlScirneelNllt.wm.ri.p.2]9,&e. 
t Zoology of Capt. Beechey'. Voyage, p. l i6. S«also MM. Quoy 

lind Calmard in Annaltl del Scien. Nat. tom. vi. 
I Remarka on Coral FOnnlll}onS,\l. ~I. 

K2 
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Tlu'natinlllat Kauai state that the bnd i~ there glliuing rnpidly un 
the ~II; and :Ur. Couthony ha~ no doubt, from the nature of tho 
Btmta, that thiB has been effootcdbyan elel'ationofthe Jand. 

In the $Onthem part of the Low Arehipelago>, Elizabeth hlan(i is· 
deecribed by Capt. Deechey: as being quite flat, and about eighty 
ft:et in height; it iB entirely composed. of dead comls, forming II 
honeycombed, but compact rock. In CII8(lIllike this, of an island 
havingeJ[actly theappearnnct', which the elevation ufany one of the 
Bmaller surrounding atolls with a shallow lagoon wouJJ pre8ent, one 
iB led to oonc1ude(witlJ little bettcr rea$<ln,howcvcr, than tlJeimpro­
bahility of 811Ch small aud low fabrics lasting, for an immcn.e period, 
expo9Cdto the many deetroying agcntsofnatnre), that theclcntion 
b:lll t.n.kcn place at au epoch not gt'Ologically remotc. ·Wh~n merely 
the Burfl'CC of an islalld of ordinary fonnation i8 stre .... ed with 
marine bOOiee, and that continuously, or Ilcarly so, from the beach 
to a ~rt.n.in height, and not above that height, it i~ ell:Ceedingly 
improbable that Inch orgnnic remains, althuugh they lUay not hllo'-e 
OC'Cll specifically examined, should belong tuany ancient period, It 
iB. nCCCS6ary to bear these remarks in mind, in C(lnsidering the 
eviden~'C of the elevatory movemcn!.<l in tho Pacific and Indian 
Oceaus, asitdoea not orten redou specific determinations, and there­
fore should be .ccei.·ed with caution. Six of the Cool: and A""ral 
I .wnrb (S. W, of tho Society group), al"<) fringed; of these, five wero 
dCfjCribe<J to me by the Rev, J. Williams, as fonned of coral.rock, 
(l\88OCiated with some b.'L<ra.lt in 'Man~ia), and the sixth :Ill lofty aud 
basaltic. 'Mangaia ill nellrly 300 foot high, with a levcl f!Ummit: 
andaeoordingto Mr. S. Wilsont it is au 11prnised reef; "and there 
are in the central hollow, fonnerly the bed of the lagoon, many 
seattcred '('!Itchee of C(lrnl-rock,lIOmcof them raised. w a height or 
forty foot.~ Theile klloll.9 of ooral-roc:k wero Cl'idcllUy once Beparate 
reefs in the lagoon of an awl!. :Mr. Martens, at Sydney, infonnoo 
me tbat thill ilIland is snrrounded hy a terrnce-lika p lBin at about 
the height of a hundred foot, which probably marks a panlle in 
lUi ele'·lIotion. From these facti wc may infer, perhap5!, that llJe Cook 
and Austral hlande hllYe been uphea.-ed at .. perioxi prob1lblynot 
vcryremote. 

&uap6 I .wnd (So E. of the Friendly group), is about Corty foot. 
in height. Forstert dC8e,ibea the plaute.a.saZreadygrowillgoutQ£ 

• Dccehey'8 Voyage in the \,acific,p.46, 4to edition. 
t Couthouy'sRemarks,p.3-1. 
t Obolerl"Rtionlm.deduringYoyageronndtheWorld, p.147. 
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tho dead, but still upright aud spreading trees of coral; /Iud the 
younger FQl'!lter· believl1l1hatall ancient lagoon i~ no'" represented 
by a central pla.in: here wo cannot doubt that the elevatoryfofOOl 
hlwe rcocntly acted. The 6o,me conclusion may be extended, though 
with somewh;}.t lcs8 certainty, to the islands of the .Friendly Group, 
which ha.-ebeen well deseribed iu the eecond and third voyages of 
Cook. The surface or Tongabbeu ;slow and lo.'d, but witl, ~omo 
parts a huudrcdrt'Othigh; tho wholecon9ists orooral-rock, "wl,;ch 
yet ehew8 the cavities and irregularities worn into it by the action of 
the tidl.l8."t On Eoua tho 8amO aprcaranOOll were noticed /It an ole­
"Mionof OOtweeu200 and 300fect. V/I'I'/lO, al8o, attheoppooite 
ornorthemendofthegroup.con8i~ts,acoordingtothenev.J. Wil­
liams, of coral-rock. Tougatabeu, with its northern extensive reef~. 
rcsernbk'8 either an ul)raii!Cd atoll with one Ilaif ori.!,';nally im~r_ 
f~'Ct, or ono unequally (llevated; and Anamouka, an atoll equally 
elevated. Thie latter islaml contains! in its centro a salt-water 
lake, about a mile-and-a-half in diameter, witl,Qut any commu­
uicatiun with the sea, and areuud it tho land ri_graduallylike a 
b.'lJIk: the highest part ia only between twenty aud thirty feet; but 
on tbi$ part,aa wdlas on the rost of the laud, (which aa Cook 
obsen'cs, ri_ above tho hcight of truo la.goon-i~bntk,) coral_rock like 
that on the beach, Will! found. In tho Nar'[J(Jt()r Archipd~ Mr. 
Couthouy§ found 011 Manua many aod very large fragment!! of coral 
aithe height or eighty foet, "on a atcephill-flidc, rising half a mile 
inland from a luw 8alldy plain abounding in marine remaiUll." The 
fragments were embedded in a. mixture of decompo;ied lava and ""od. 
B ie net etated whc1her they were aooompauied by shells, or whc1her 
the corals n:>semblod receutBpeciCII; a.stbcsercmainswereembeddcd, 
they po9!libly may belong to a remote epoch; but I prtlllume tll;8 
wall not tile o})inioo of 11r. Couthouy. Earthquakes are yery 
frequent in this arohipelagu. 

Still proceeding westward we come to the Nett> Hebridu .. on these 
isbntk, Mr. O. Dennett (author of Wamlerings in Now South 
"'alCII), informs me ho found much ooralatagreataititude,whieh 
he considered ofreceut urigin. 1t.!!lllCCting &mw erIC, and tho 
hafc.mon Ardlipw!JO, 1 Ita"e no information; but at Now Ireland, 
which forms the norlhem point of the latter chain, both Labillardiho 
andLoSSOD hayod(''IlCribedlargebed.s of all apparently "cryu1Oderu 

• Voyage, voL ii. p.I63. 
t Cook'JI Third Vorage (4to. edition),vo\'i. )l.314. 
I Ihid. '\'o\. i. p. 23t0. ~ Remarks on Coral Formations, p. 50. 
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madreporitie rock, with the form of the conla little .Itered. The 
latter .uthor· state. tb.'\! thiB formation compote' • newer line of 
ooaet. modelledl'Onnd .n.ncientone. There only rMll.iWl to be de­
kribedintheJ'acific;thatcur~lineof fringc:disJanda,ofwhicJa 
the l/IJn.III(U fonn the main part. Of thea GUalD, Rota, Tinian, 
&ypan, and lOme ideta fanlle. north, arc d<*:ribed by Quay and 
G.imani,tand Chamiseo,t as chieOycomposoo of madre pori tic: lime­
.tone,wilich attain •• con.iderableelo .... tion,.nd is in MlI·cml ca_ 
"orn into luooetlll;'·ely risiug diftil: the two funner natumli,t, r;eem 
to hal·O oompared the coraballd shelt. with thoelfi~tiug 011(.'8, and 
state that thoy are of recent apccics. Fau, which lics in the pro­
longed line of tho Marianllll.;1 the only i~land in this part of the 
_wllichi'fringed; it is ninety fret lIigh, Ind oon8isUeutirelyof 
m.sdreporiticrock § 

In the }.'(Uf bulw" ArdtipNago, many authol"ll ha"'e rerordoo 
I,roof. of _I ele .... tion. 111. .r.-:,nll_t.tot., thlt nar Port Dory, 
on the north CCJa$tof New Guiuea. the.ho .... re I!allk~,to the 
height at 150 feel, by m:uirellOrilie etrILla "f • modem date. Jle 
menuoWllimilar formatim)! at Waigian, Am1.lOina, Doumn, Cerom, 
Sanda and Timor: at tllit latter 1,11Iet, MM. Qlloyalld Gaimard'LT ha ... e 
liko,,·i!lO dl-.c:riiM.>d the ,Jrimit;'·e rock., 119 (»AtC(1 to a cOll>lidcrable 
J,dght wilh coral. Somo gmaU isieUl _t .... rd or Timor am &aid iu 
Kolfr. Voyage·· to rC8eUlhlt: 8m.1I co .... 1 i~ltl. ul'roi!!ed lOme foot 
above the _. Dr. Malcolm!Oll informs me that Dr. lIardie foulld 
in JOr(lan ex:u-nlli~. formation, containing an abundance of $I,en.. 
of,,·hich thegreaterp&rt'l'peaJ to be of ui>!ting 1IpCCiee. Dr.Jacktt 

• Voyage de III Coquille, Parl.. Zoolog. 
t Fre)·c:inet'. Voyage autourdu Monde. See .. 1..0 the Hydrogra. 

phiCIII Mernoir,p. 215. 
t Kotzebue'. ~'int VOyllge 
f Lutk~·.VoYllge, ... ol.ii.p.304 
I PartieZoo!og. VoyagedelaCoquille. 
~ Ann. <itllScien. Kllt,torn ... i.I'.~I. 
··1'r"n~IRte(lby Windsor Earl, ehBpte,. vi. and \'H. 
tt Geolog.'l'nInS{l(;t. 2nd series, "01. i. I'. 403. On the Penillsulaof 

Malllec:a, in frolltor Piullng, ~'30' N, Dr.Ward collech:d IOmeihelli, 
... hid, Dr. M.lcollIl8On informs me, although n~ compared 'with n· 
iiting.pec:iea, hlld,. reeent.I'peIIl"IIllce. Dr.W .. rddl'tCrit-inthq 
neighbourhood (TI'IInS. Asiat. 800:. Yoll:Viii., part ~ p. 166.) • single 
.. ·ater·1forn rock, "ith,. conglomuate of _ shell. at ill bese, situated 
sixmileeinland, .. hich,aecordiogtotbetradition.efthen.ti ... ee, ...... 
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bu deecribed lOme uprai!cd ~hclb and ooraI" apparently rerent, on 
]'ul0 N'iM oK S .. malra.i a.od ~hradl'D n:bte. in hi, l.oi8tOl')' of thiM 
great i$land, that the names of many promoutoriee, .how th.ll.t they 
were origin.ll.Uy iaWllh. On pano( the ""est couto( /JurRfIO and at the 
&0140 J.tatuh, the form of the land, the matum of the .ml, and the 
w.ter· .... uhed roeb, pn.mt ap~· (.Ithough it iI doubtful 
.... hether'ueil \'ague evidence i. wort.hyof mention,) of lIa.ving ro­
eently bool covered by thcIIC:I; and the ilihaLoil .. ·\ut.s of l11c800loo 
l~la1Hb beliove that this has been tlloc:III8. Mr.(Juming, .... 110 h:J.II 
latelyiD\·~tigatcd, .... ith8(lIUuch'uc~tIoQnat\,mlhistoryoftho 
Phillippinu,. found lI~r Cab.'lgDon, in Luwn, nl"out 6ny foot al"ove 
the level of tho R. Cagsyan, and aen,nty miiOll from itil mouth, a 
IDrge bed offoesil theli.ll: the., he inrI/no, me, .rc of the Amo 
lpecioe .... ith tbote no .... u:ilting on the shorN of the nrighl"ouring 
il!l&ntlt. Jo'rom the aceounts gi,-en n. by CaptJI.in lluil Hall and 
Captain J3e«heyt of the Iinl'l!l of inlDnd reef" and .. ails of ooral·rock 

_",'om into caveI, abo"ethe pre8l'nl n-aeh of tho W':!.\"eI, at the lAtJ 
CAoo lslandt, there can be little doubt that they bD"e beo:-n uprai-'. 
at no TCry rcmotcperiod. 

Dr. Davy! doecribes tile northcrn province of C~ylon IJI being very 
low, Dnd oon~i.ting ol a limestone with .helle tlnd oorals of '"cry 
l'CQCntorigin; headJs. that it dooenot adlllit olil. doubt that thc Ilea 
hILS retired from thi~ district even within the mcmory of mao. There 
i •• 110 lOme r(':LI!(Jn fOf believing that the Wf:Ij!.cMl ehorQ!lo£ India, 
north IJf Ce)lon, have h«-n .upra;.oo ",-ithin the. l'CQCIlt period., 

once.urroundtdbythe_ Capt. Low h .. allodeteribed (Ibid. Part 
i. p.13!.) moundi of ,hells lying two mile. Inland on IhiM line of 
_L 

• Notiea of the Eait Indian Aroh., Sinpport', 1829, p. 6, lind 
Append. II 43. 

t Cept. II. lIall, Voyage to Lon Choo, Appc'od. pp.lO[i. and uv. 
Capt. Bet'<:lley'. Voyege,·p. 496. 

I Trtlvel~ in Ceylon, p. 13. Thi, madreporitie lOl'mation u mentioned 
by M.COfdierin hilreport to lileInltitute,(May4,1839,) on Ihcvoy_ 
age or the Chevrette, .. one of immenaeelltent, and belongiogtotbe 
Ia~ttertiaryl>er;od. 

§ Dr. Densa, in hi. Joumeythrough the N.Circan, (the MadnLll Lit. 
and Scient. JOllm.vol. v.) hu de&eribtd II. fonruotioo ,,'ilh recent 
rresh"'alefandmarinelbtl1a,oceurringattbedit:tance~lhl'\'f:orrOllf 
mile. from Ihe prsent shore. Dr. lknr.a, in eoaversatioo "'ilh me, 
attribliledtheirpatitiontoaiUeoftheland. Dr. Malc:olllllOll, how. 
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Mauri/iut 10M eertainly been npmieed within the recent period, as 1 
lu\\'e ~taWd in the chapter on fringing'n:'efs. The northern extremity 
of .lla<WglUWr is described by Capt. Owen* fI8 formed of moorepo­
ritic rock, lUI like"'iiIC nro the SllOres aud outlying island& aloug an 
immCIl!!e space of Ea.tern Africa, from a little north ofthe e<]uator for 
900 milcsiIClIthward. Nothiugcanbemore .. aguethantheexpress;on 
"madreporitic rock;" but a, the same time it i~ 1 think, lI(ar~ly 
po8!IiLle to look at the chart ofthelinearislct!!,which rise to a greater 
height than CIln beacCOllrltOO rorby the growth of conI, in front of 
the coast from thee<]lultor to 2°8., witilOut fcelingcoo"inccd that !I. 

line of fringiug reef~ hl\8 been cle"atcd at a period 110 recent, ti,at no 
grcat changes hal'e sinoo taken place on the IJUrfaooof this part of the 
globe. Some, also, of the higher i"l"nds of madreporitie rock 011 ihi, 
coast., for instance Pemha, hanl"ety!ingularforma, which seem to 
Bhow tho combined effect of the growth of coral rOllnd submerged 
banks, and their Bn~uent uph .... val. Dr. Allan informB me that he 
uever oWell'cd any elevated organic remains on the Seychelln , which . 
come under Ollr f.ingedclallll. 

'l'henntllreoftheformatioDsroundtheshoreeofthcRed&,as 
dcecribedby II(veralallthor&,8hows thlltthewholeorthi8Iargea~ 
hlUl been clemted within a very recent tertiary epoch. A part of thi~ 
Ipacein tho Ilppendcd map, is coloured bille, indicating the preaelloo 
of bnmer-roefs; on which circumst:mce I .hall preacntly make !lOme 
rcmark~ . Riippcll t statCil that the tertiary fonnation, of wl,ich he bas 
examined tile organic remains, foml~ a fringe along the sheree with 
a uniform height of from 3Q and .0 fl'Ct, from the month of the Gul£ 
of Sucz to about Lat. 26°; but that 80uth of 26°, thebcds attain 
onlytbolleight of from 12to15fe(!t. 'Ihis,howe,'er,CAnhardlybe 
quite aecurato; although possibly there mlly be II decreallO in tho 
elevation of the SllOre8 in the middle parts of the Red Sea, (ot Dr. 
MaloolmlOn (Il!! he informs me) CtlllecW from the clitf$ of Camaran 
hl:md (Lat. 15° 30' S.) 8hells and Ctlrals, apparently feC('nt., at a 

ever, (and there cannot be a higher aulhoriLy on the gcologyof India) 
informs me that he liulipccl.thnttheeebed6 may hal'O been formed by 
the mOre action of the waVeII and currtn\lj accumulating &ediment. From 
analogy I 6hould much incline to Dr. Iknu.'a opinion . 

• Owen'a Afriea, vol. ii. p.3i for Madagascar; and for S. Africa, vol. i. 
Pl" 412 and 426. Lieut. Boteler·, narrative contain. full er p"rti~u­
lal'llregardingthe coml-rock, '·01. i. p. 174., and vol. iLpp.41 alld54. 
SeealIiOR~henbcrgcr'. Yoyageroundthe World,vol.i.p.60. 

t Riippell, lteisein Abyaainien, Sandi- s.I." 
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bcigM betweeo 30 .nd 40 foct; and lh. &'It (Travela in Aby.ini..) 
de«ribet.limiJarfonnat;oo • litt!otQuth .... rd 00 the op['O'iteahore 
.t Alliphil&. Motro"er, ncar tho mouth of the Gulf of Su~ althoug]' 
on the eoaatoppoeito to thllton which Dr. RiippeU ea.yathat tbemo-­
dembedfattILinaheightof 01LIy30to"Of~'Ct.Mr.Dllrtoll·rounda 
dellOllit replete with uiating lJ}ltQieo! of Ihel~, at the beight of 200 
f"d. In au admirable fIIlnc. of drawings by Capt. More..by. I eQuid 
100 hO"'wntinuouslytbe cliff-bounded low plaiDlof thi.olformat;on 
utcnded .. ith a nearly equable height. both on the cutem and 
weatem shores. The lOuthem eoa;!' of Arabi.. eoI'Dl to ha~e been 
.ubjected to the sameelevatorymoH:mcnt. for Dr. MalcollIl<lOn fo;rond 
at Sahar low cliff~ c •. mtailling .I,ell. and eorols. allparently of rocent 

' IMleitIJ. 
The PUTian Gulf abound. with coral roof_; but ae it i, difficult to 

dittinglliah them from IalId-w,oka in this ahallow lie&, I have coloured 
only tome DC:Ir the mouth: lOw..,.,u the head of the gulf Mr. Aina­
wortbt Bayatbatt.bel.ndi. .. ·on> into ternoet,and that the bed, 
contain organic remains of lIJ:iating forms. The "'fill bufwlI ArcAi­
ptlugo uf "fringed" iB1and., alone reml;", to be l1IeI11;ooOO: evi­
dencoufanelev:>.tion ,,·ithin alate tertiary epoch of ne:>.rly the whole 
of thi8 great arc:>., may 00 found in the works of almost all tho 
natumli8u who have vi~ited it. I will give .ome uf the principal 
refcrcnoesin a no(e.! 

It is \'cry remarkable, on revicwing these dctails. to obsen'c 
in how many instancet fringing-ree& round tbe shores, ha,·c 
coincidcd with the existence on the land of upnti.scd organic 

• Lycll'8 Principle. of Ceo logy, !llheditio", ~ol.iv. p. 2:1. 
t Ainlwonh'. A8Iyria IllId llIIbylon, p.217. 
I On Florida and the north .horea or the Gulf of Mu:ico, R~n' 

Repon to Brit Aaoc. ,,01. iii. p. 14.-On the Iholft of Mnico, Hum­
boldt, Polito Eua,. on New SpaiD, vol. i. P. G\!. (I have alai lOme cor­
robol'1lti1'e lacl$ with I'Cllped to the shorn of Mexico.)-lIonduraa and 
the Antill~ Lyell" \'rineiple-, :llh ed. "01. iv. p. 22.-8anla Cru& and 
Barbadoe$, Prof. Ilo.e1. Silliman'. Joum ,'01. III •• p. 74.-tlt. Domin. 
go. Courrojoll~ Jour. de I'h)' •. tom. Ii ... p. LOG.-Hallam», United 
Se"ice Joun>. No. Lui PI'. 218 and 224.-Jamaiell, De \11 Be<:he Geol. 
Mall. I). L4:l.-Cub&, Taylor in Lond and Edin. Phil. Mag. vol. I i. I). 
17. Dr. Daubeny abo at .. meeting of the Geolog Sue. omlly d~ribffl 
.ollie very mooem bedI lying 011 the N. W'I_rtJ of Cubt.. I mighl 
M1'e .dded many other 1..- important reference.. 
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remains, which seeUl, frotn evidence more or less satisfactory, 
to belong to n late tertiary period. It may, however, be ob­
jected, that similar proofs of elevation, perhaps, occur on the 
coasts coloured blue in our map: hut this cer tainly is not the 
case with the few following and doubtful exceptions. 

The cntire Brea of the Red Sea appears to have been up­
raised within II modern period; nevertheless I have been 
compelled, (though on nnsatisfactory evidence, as given in 
the Appendix) to class the reefs in the middle part, liS har­
rier-reefs; should, however, the statements prove accurate 
of the less height of the tertiary bcd~ in this milhllc part, 
compared with the northern and southern districts, we might 
well suspect that it had subsided subsequently to tIle general 
elevation by wllich the whole area has been upraised. Several 
authors· lHWe stated that they have observed shells and corals 
high up on the mountnins of the Society Islnnds,-a group 
eneireled hy barrier-ree&, and, therefore, supposed to have 
subsided: at Tahiti Mr. Stutchbury founu on the apex of one 
of the highest mountains, between 5000 and 7000 feet aoo"e 
the level of the sea, "a distinct and regular stratum of semi­
fossil cora!." At Tahiti, however, otber naturalists, as well 
as myself, have 8earcueu in vain at a low level ncar the coast, 
for upraised sbells or masses of coral-red, where if present 
they could hardly have been overlooked. From this fnct, 1 
concluded that probably the organic remains strewed high up 
on the surface of the land, had originally been embedded 
in the volcanic strata, and had subsequently been washeu 

• Ellis, in his Polynesian Researches, .... M the fiT8t to call attention 
to these remains, ('1'01. i. p. 3S.) and the tmdition ofthenalives e(lncem_ 
ing thcm. See al80 Williams, Nar. of MiM. Entcrprize, p. 21 ; al80 
Tycrman and G. Dennett, Joum. of \'oya~, vol. i. p. 213; also Mr. 
Couthouy'.Remarks, 1).51; but his jlrincipal fact,nameiy,lhattbere 
i$amllUo£uprnisedcoralonthcnarrowpcninlulaofTiarubu,i,rrom 
hearsay cvi(Ience; also Mr. Stutchbur}', Welt of England Joum. No;>. I. 
p.54. 1'herei8apassagein\'onZach,Co~.Alltronom. vol.".p. 

260., inferring an upriling at Tahiti, from II. footpath no" .. U$l!d, which 
"'8.!I fQrmerly impassable; bUl l p!'Irticularly enquired from IJevcrnl 
nsti"echicf8,,,rhethertheyknewofanychangeo(lhiskind,andthey 
"'creullllnimous in giving me an answer in thenegati,·e. 

(C)Th f hrl lin 
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out by tIle rain. I have since heard from the Rev. W. Ellis, 
that the remains which he met with, were(ashe bclieves,)ioter­
stratified with an argillaceons tuff; this likewise was the case 
with the shells observed by the Rev. D. T.yerman at liua­
heine. These remains have Ilot been specifically examined; 
they may, therefore, and especially the stratum observed by 
Mr. Stutchbury at an immensc height, be contemporaneous 
with the first formation of the Society Islnnds, and be of any 
degree of antiquity; or they may have been d~pooited at ~ome 
subsc(luent, but probably not "ery recent period of elevation; 
for if the period had been recent, dle entire surface of the 
coast-land of these islands, where the reefs are so cxtensive, 
would have been coated with upraised eoral~ which certainly is 
not the case. Two of the Harvey, or Cook Islands, namely, 
Aitulaki lind Manouai, arc encircled by reefs, which extend so 
far from the land, that I have coloured them blue, although with 
much hesitation, as the space within the reef is shallow, and 
the outline of the land is not ahrupt. 'l'besc two islands con­
sist of coral-rock; tmt I have no evidence of their recent 
elevation, besides, tile improbability of Mangnia, a fringed 
island in the same group, (but distant 170 miles,) having 
retained its nearly perfect Iltoll-like structUI'C, during any 
immense lapse of time' after its upheaval. 'rhe Red 
Sea, tllereforc, is the only area in whieh. we have clear 
llroofs of lhe recent elevation of a district, which, by our 
theory (nlthough tile barrier-reds are there not well charac­
terized), has lately subsided. But we have no reason to be 
surprised at oscillations of levcl of tbis kind having occasion­
ally tnken place. There can be scarcely any donbt that 
Savage, Aurora,· and Mangaia Islnnds, nud se\'cml of the 

• Aurora Island is dC$Cribed by Mr. Couthony (Remarks, p.~); it 
lies 120 milM N.E. of Tahiti; it i~ not coloured in tI,e appended map, 
beeause it does not appear to i>e fringed by livingreefil. Mr.Couthtluy 
de~cribes illl summit IL'I "preaentinga broad table·land .... hich declinea 
arew (eettowarosthe ccntn,wl,ere .... emay8uppose the lagoon to have 
been placed." iti!fl.OOut200feetinileigitl,andconsis!aofreef-rock 
mndconglomerate, witht"",tingspeeies of conll embedded in it. The 
.!land hili been elevated at two $ucce.sive ~riod8; the cliffs being 
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i!lalldl! in the Friendly group, existed originally 1\9 atolls, and 
these have undoubtedly since been 'Ullraised to aome beight 
above the level of the sea; so that by our theory, there has 
here, also, beel) an oscillation of level,--clevalion havi llg suc­
ceeded lubsid.ellce, instcad of, 118 in tbe middle part of the 
Hed Sea and at the llarvcy Islands, subeidence ha'¥illg pro­
bably sueceOOed recent elention. 

It i! an interesting fact, that Fais, wbieb, from its com~ 
ailion, form, beight, and situatiOIl at the western cod of the 
Caroline Archipelago, one is strongly induced to believe ex­
isted before its upheaval as an Iltoll, Iiea exactly in the pro­
longation of tIle curved line of tile Mariana group, which we 
1.:now to be a line of recent elevation, 1 Illlly add, that 
Elizabeth Island, in the 80uthem part of the Low Archipe­
lago, which IICCDlI to have bad the gme kind of origin 

ftI Fais, lies near Pitcaim hland, the only one in this part of 
tile ocean which is high, and at the same time not surround­
ed. by an encircling barrier-ree( 

On tlu! absence oj actiL'II VolcanO! in tlu area' oj . ub,idnlu, 
mId on their jrtfJuentpnunu in tlu! area, oj d.et:ation.-Before 
making some coneluding remarb on the relations of the 
spaces coloured blue and red, it will be eonvelliellt to con­
sider tbe position on our map of the volcanOlJ historically 
known to ha'¥e been in action. It is impo88ible nOI to be 
struck, first with the abicllee of ,'oleanOl in the great arellll 
of subsidence tinted pale and dark blue,-namcly, in Ihe 
central parts of tIle l ud.ian Ocean, in till) China sea, in tllC 

sea between the barrieI'l of Australia and New Caledonia, in 
the Caroline, :Marshall, Gilbert, and Low Archipclagoee; 
and, secondly, with thc coincidence of the prineiJlIll volcanic 
chains with tbe parts coloured red, which indicates the pre­
sence of fringing reefs; IIl1d, 118 we have jU8~ &cen, the presence 
in moet C8SCS of upraised organie remains of a modern date, 
I mny here remark tllflt the reefs were all coloured before the 

marked half.way nil with a lu>riwlI1al v,'akr-wom line of dt('p u;ea­
valionL AUrol'll bland ~~1II1 ciOl('ly to reRmbl~ in atructure Elizabeth 
ullnd,ltthelOU!ilerntndoftheLov.oAfI'hi l't1lgo, 
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volcanos wcre aJJcd to thc map, or indeed l!efore I kuew of 
tbe existence ofse\'eral ofthcm. 

The volcano in Torres Strait, at the norl.beru point of 
Australial is that which lics nearest to a large subsiJing area, 
although situatcd 125 miles within the outer margin of the 
actual barrief.reef. The Great Comoro Island, wllieh pro­
bably contains a volcano, is only tWf'nty miles distant from 
the barrier· reef of Mohila; Ambil volcano, in the Phillip­
pines, i9 distant only a little more Ihan sixty miles from tbe 
atoll·formed Appoo reef: and there arc two other volcanos 
in the map within ninety milcs of circles eoloul"('d blue. 
These few cases, which thus offer partial exceptions to tIle 
rule, of volcanO!! being placed remote from the areas of sub.si­
denee, lie either ncar ~ingle and isolated atolls, or ncaf small 
groups of encircled islands; and these by our theory can 
hal'e, iu few instances, sub.sidcd 10 thc same an;lOunt in 
depth or area, 118 groups of atolls. There is Dot ODe active 
volcano within several hundred miles of an archipelago, or 
even a small group of atolls. It is, thercfore, a striking fact 
that in the Friendly Archipelago, which owes its origin to the 
clel'ation of II group of atolls, two "OI<:llDO!!, and, perhaps, 
others,· arc known to be in action: on the other hand, on 
several of the encircled islands in the Pacific;, supposed by 
our theory to have subsided, there arc olJ craters and streams 
of lava, which show the effects of past and ancient crull lions. 
In these cases, it would appear 118 if the volcanos had come 
into action, and hnd become extinguished on the same spots, 
according as the elevating or subsiding mOTcments prevailed. 

There arc some other coasts on the map, where volcanO!! 
in a state of action concur with proofs of recent elevation, 
besides those coloureJ red from being fringed by coral­
recfs, Thus I hope to show in a future volume, that Dearly 
tbe whole line of the west eonst of South America, wbicll 
forms the greatest volcanic chain in the world, from ncar 
the equator for a space of between 2000 and 3000 miles 

• See the note at p. 121 ,on the IIlIthoritie8 roreolouring the voleanOll 
inlheappendcdtnap. 
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southward, lUIs undergone nn upward movement during 
a late geological period. The islands on the north-west­
e rn shores of the P acific, which form the second grcntest 
volcanic cbain, are very imperfectly known ; but Luzon, in 
the Phillippincs, and the Loo Choo island!/, hare been re­
cently elevated; and at Kamtschatka· there are exten.sive 
tertiary beds of modem date. Evidence of the same nature, 
but not very satisfactory, may be detected in northern New 
Zealand, where there arc two volcanos. The co-existence 
in other parts of the world of active volcanos, with upraised 
beds of a modern tertiary origin, will occur to every gcolo­
gist.t Nevertheless. until it could be shown that volcnno.s 
were inactive or did not exist in subsiding areas, the conehl­
sion that their distribution depended on the nature of the 
subterranean movements in progress, would have been 
hal.ardoUll. Dut now, viewing the appended map, it may, I 
think, be considered lIS almost established, that volcanos are 
often (not necessarily always) pre$Cnt in those fU'ellS where 
the subterranean motive power hIlS lately forced, or is now 
foreing outwards the crust of the earth, but tbat they are 
invariably absent in those, where the surface has lately sub­
sided or is still subsiding.~ 

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

• At Scd~nka, in Lat. !IS" N. (Von Buch's Descrip. des i.ICflCanllries, 
p.4.'Ki.) In a forthooming PlIrt, Ishal! g;"e the c\'idenee refc rn:d to 
with respcd to theeicVlltion of Ncw Zealllnd. 

t During the 6ubtcrranean distufoonef"S whieh took plaee in Chile in 
1835, I hllve shown (Geoiog. Trona. 2nd SCl. vol. v'I)' 606.) tlult lit the 
~e moment that III large di$trict 11'118 upraised, \'olcanic mlltter bunt 
forth lit widely ... eparRted points, through both new and old venl.\l. 

~ We may infer from this rule, thRt in IIny old deposit, Wllich con­
tains inteflltrntified beds or erupted mattcr, there Wns at the pcriod,and 
in the lire .. of its formation, II lendmty to an UpWllrd movement in the 
earth'lsurraee, and certainl)' no movement of luhlsidcncc. 
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tenee of continents showl that the areas have been immeDsc, 
which at some period have been upraised: in South America 
we may feci sure, and on Ilac norlh·wcSlcm ahorea of the 
lodinn Ocean we mny suspect, that this rising ia either now 
actually in progrellS, or hM taken place quite reecntly. By 
our theory, we may conclude that the areas arc likewise im­
olense which have lately subaided, or, judging from the carth­
quakes occasionally fclt and from other appearances, are now 
sulAidi ng. Thc smalineN of the scale of our map shonld not 
be ovcrlooked : each of the squares on it conlnins (not allow­
ing for the curvature of the. earth) 810,000 square milcs. 
Look at thc space of ocean from ncar the southern cnd of the 
Low Archipelago to the northem cnd of the Marshall Archi­
pclago,-a length of 4500 milC1!l, in which, as far 1\8 is known, 
CI'ery island, excepting Aurora which lies just without the 
Low Archipcl8e<>'Q, is atoll-formed. The eastern and western 
bonnd.l\ries of our Dlap are continents, and they are rising 
areM: the central spaces of the great IndiRn and Pacilic 
occan~, liTe DlOStly subsiding; between then~, north of Aus­
trlllia, lies the most broken land on the globe, and thcre the 
ri~ing I,arts are surrounded and pcnetrat~ by areas of snbsi­
lIence,- 80 that the pre\'ailiog movemenUi now in p~, 
lICem to accord with the actual states of surf~ of the great 
division~ of the world. 

'l'he blue spaces on the IUnp arc nearly 1111 elongllted; but 
it doc! not necessarily follow from this, (II caulion, for 
which T 11m indebted to Mr. Lyell,) that the areas of subsi­
dence werc likewise elongated; for the suhliidence of a 
long, narrow, space of the bed of the ocean, including in it a 
IrauS'I'ersc chain of mountains, surmountC'd by alolls, would 
only be marked 00 the map by a tranS\'CIIIC blue band. Dut 
where a ebain of atolls nnd barrier-reefs lies in an elongated 
area, betwel'll SpliceS coloured red, which therefore bal'e re· 

o I *,u9ped that the Arn,I ~nd Timor-Iaut Islaml. pl'tllent an included 
$ma\lareao{",hsidenee,lihthatoftheChinaSea; iJut I ha"enot 
"entu~ to colour tbem from my imperfect infonrwion, .. gi"cn in the 
Appendix. 
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ffiaincd stationary or ha,'c been upraised, this must have re­
sulted either from tIle area of subsidence having originally been 
elongated (owing to some tendency in the cartll's crust thus 
to subside). or from the subsiding area having originally been 
of an irregular figure, or as broad liS long, and having since 
been narrowed by tbe elevation of neighbouring districts. 
Thus tIle areas, which subsided during the formation of 
the great north and SQuth line of atolls in the lndian Ocean,­
of the cast and west line of the Caroline alons,-and of the 
north-west and south-cast line of the barrier-rcclil of New 
Caledonia and the Louisiadc, must have originally been elon­
gated, or if not so, they mUllt ha,'C since been made elongated 
by elevations, which we l:now to belong to a recent period. 

I infcr from Mr.llopkins'a researches,a that for the for­
mation of a long ellain of mountains, with few lateral spurs, 
an area elongated in the same direction with the chain, must 
h""e been subjected to an elevatory movement. Mountain­
chains, however, when already formed, although running ill 
very different directions, it seems, t may be raised together by 
B widely-acting force: so, perhap.'!, mOUlltain-chains may 
subside together. Hence, we cannot tell whether the Caro­
line and Marshall Archipelagoes, two group.'! of atolls run­
ning in different directions and meeting each other, have 
been formed by the subsidence of two afell8, or of one large 

• Researches in Physical Geology, Transact. Cambridge Phil. Soc. 
vol. vi. parti. 

t For iIllitance in 8.America from IlIt.34° for IDllIly degree. soutlu ... ard 
there are upraised bed. eontaining reeent species of shelll,on both the 
Atlantic and Paciticsideof the continent, and from thcgrndual ascent 
of the land, although 1I·ith very unequal slopes, on bmh .ides to .... ard. 
theCordiUera, I think it can hllrdlybe doubted that the entire ,,·idth 
hlUlbeenupraisedinm!lS8within therecent~riod. In this cue the 
t .... o W.N.W. and :E.S.E. mountain-Iinel, nMlely the Sierra Ventana 
and the S. T8palguen, and the great north and 5O\lth line of the 
Cordillernha.ebeentoeethermieed. IntheWC$tlndie.theN.andS. 
line of the eastern Antilles, and the E. and W. line of Jamaica, IIp~r 
both to have been upraiU'd within the latest geological period. 
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llrea, including two distinct linee of mountains. We have, 
however, in the southern prolongation of the Mllrillna Island", 
probable cvidence of a line of recent elevation having inter­
sected one of recent subsidence. A view of tbe map will 
&how tbat, ~ncraJly, there u a tendency to alternation in the 
parallel aTeM undergoing opposite kinds of movement; M if 
the sinking of one area balanced the .ising of another. 

The exutenee in mllny parts of the world of high t3blc­
land, pro\'l~S thst IlIrge surf8CC8 have been upraised in mQSII 

"to eonaidemble heights above tbe level of the ocean; al­
though tile higlwst points in almost c,'ery counlry consist of 
uptunled stmta, or erupted mattcr: and from thc immense 
spaces scattered with atolls, which indicste that land originally 
nistcd there, although not one pinnacle now remains above 
the level of the sea, we may conclude that wide Rn.'aS havc 
subsided to an amount, sufficient to bury not only I\ny for­
merly Cllisting table-land, but even the beights formed by 
fractured strata, and erupted mattcr. The effects produced 
on the land by thc Ister clevatory movcments. namely, 
succcssively rising e1ilf~, lines of erOliion, and beds of liuoral 
sbells and pebbles, all requiring time for their productioll, 
prove .that these mo,'ements ba\-c been ,-ery slow; we can, 
however~ infer thia witb safety, only with respect to the fc\. 
lal!t hundred feet of rise. But with reference to the whole 
vast amount of subsidence, ncce!l88ry to have llfodueed the 
many Molls widely scattered over immense IIpaees, it has 
alreedy been shown (and it is, perbape. the most inteIl;!~ting 
conclusion in this volume), that the movements must either 
havc been uniform lind exceedingly slow, or hal'e been 
effected by small stepe. separated from each other by long 
intervals of time, during which the reef-constructing poly. 
pife", were able to bring up their solid fmme-woru to the 
surface. We have little means of judging whether many con­
siderable oscillations of ie"e\ havc generally occurred during 
the etc\'ation of large tracts: bllt we know, from clear geo­
logical evidence, that this has frequently taken place; and 
we ha\'e !leen on our map, that some of the SlIme i!lands have 
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both subsided Rnd been upraised. I conclude, however, that 
most of the large blue spaces hSl'c subsided without many ami 
great elevstory oscillation!, because only a few upraised atolls 
have been observed; the supposition tbat such elevations have 
taken place, but that thc upraised parts have been worn down 
by thc surf, and thus have escaped observation, is overruled 
by the very considerable depth of the lagoons of all tIle 
la~r atolls; for this could not have been the case, if they 
had snffcred repeated elevations and Ilbrtll!ion. From the 
comparative observations made in tbese latter pages, we may, 
finally conclude, tbat the subterranean changes which have 
caused some large areas to rise, and others to subside, have 
acted in a very similar manner. 

R(C(I.pitulatiQII.-I n the three first chapters. thc principal 
kinds of coral-reefs were described in detail, and they were 
found to differ little, as far as relates to the aclUal surface of 
the reef. All atoll differs from an encircling barrier-reef only 
in the absence of land within its central expanse; alld a har­
rier-reef differs from a fringing-reef, in being placed at a much 
greater distance from the land with reference to the probable 
inclination of its submarine foundation, and in the presence 
of a deep-water lagoon-like space or moat within the reef. 
In the fourth chapier the growing powers of the reef-con­
structing polypifen were discussed; and it was shown, that 
they cannot flourish beneath a very limited depth. In 
ncc<>roanee with this limit, there is no difficulty respecting 
the foundations, on which fringing-reefs are based; ,vhere-­
as, with barrier-reefs and atolls, there is a great apparent 
difficulty on this heat!; - in barrier-reefs from the impro_ 
bability of the rock of the coast or of hanks of sediment 
extending, in every instance, so far seaward within the re­
quired depth;-nnd in atolls, from the immensityof the spaces 
over which they are interspersed, and the apparent neces­
sity for believing that they arc all supported on mountain­
SUlllmits, which, although rising vcry ncar to the surface-level 
of the sea, in no one instance emerge above it. 'fo escape this 
lalter most improbable admissiun, which implies the cxistence 
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of submRrine chains of mountains of almost the same height, 
extending o\'cr areas of mllny thousand square miles, there 
is but one alternative; namely, the prolonged subsidence of 
thc foundations. on which the atolls were primarily based, 
together wi th the upward growth of the reef-constructing 
corals. On this view every difficulty vanishes: fringing-r(>{!fs 
are thus converted into barrier - reefs; and barrier - reefs, 
when encircling islands, nrc tlms converted into stolls, the 
instant the Jast pinnacle of land sinks beneath the surfiu:c of 
the ocean. 

Thus the ordinary forms and certain peculiarities in 
the structure of atolls and bllITicr-rcefil CBn be explained;­
namely, the wall-like structure aD their inner sides-tbe bason 
or ring-like shape both of the marginal and central reefs in 
the Maldiva ntolls-the union ofsoille atolls as if by a riblron 
-the apparent disse,'erment of others-and the occurrence, 
in atolls as well as in barrier-recfs, of portions of reef, and of 
tbe whole of some reefs, in a dead and submerged state, but 
retaining tbe outline ofliving reefs. Thus can be cJ(lllaincd tho 
existenec of breaches through barrier-reefs in front of valleys, 
though separated from them by a wide spRee of deep water; 
thus, also, the ordinary outline of groups of atolls, and the 
relati,'e forms of thc separate atolls one to another; thus can 
be explaincd the proximity of the two kinds ot reefs formed 
during subsidence, and their separation from the spaces where 
fringing-reefs abound. On scRrching for other evidence of 
the movements supposed by our theory, we find mRrks of 
change in atolls and in barrier· reefs, and of subterranean dis­
turbances under them j but from the nature of things. it is 
scarcely possible to detect any direct proofs of subsidence, 
althongh some allpcarances are strongly in favour of it. On 
the fringed coasts, however, the presence of upraised marine 
bodies of a recent epoch, plainly show, that these coasts, 
instead of having remained stationary, which is all that 
can be directly inferred from our theory, have generally been 
elevated. 

Finally, when the two great types of structure, namely 
.2 
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barrier-reefs Ilnd atolls on the one hand, and fringing. reefs on 
the other, were laid down in colours on our map, II magnifi­
cent aud harmonious picture of the movement." which the 
crust of the carth has within a late period undergone, is 
presented to us. We there see vast areas rising, with volca­
nic matter every now and then bursting forth through the 
vents or fiSSUfC'S with which they are traversed. We see other 
wide spaces slowly sinking without any volcanic outbursts; 
and we may feel sure, that this sinking must have been im­
mense in amount as well as in area, thus to have buried over 
the brood face of the ocean c\-cry one of those mount~8. 
above which atolls now stand like mOlluments, marking the 
place of their former existence. Reflecting how powerful an 
agCDt with respect to denudation, and consequently to the 
nature and thickness of the deposits iu accumulation, the sea 
must cvcr be, when acting for prolonged periods on the land, 
during either its slow emergence or subsidcnce j reflecting, 
also, on the final effects of these movements in the inter­
change of land and ocean-water, on the clilllate of the earth, 
and on the distrihotion of organic beings, I may be permitted 
to hope, that the conclusions derived from tbe stlllly of coral­
formations, originally attempted merely to explain their pecu­
liar forms, may be thought worthy of tbe attention of 
geologists. 
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APPEND I X; 

A Dl.'"TAILED DESCRIM'ION OF 1;11£ ItEEI'S AND ISLANDS IN 

THE COLOURED MAP. Pt.An III. 

h the beginuing of tho lflflt chapter i statOO the principles 011 wllich 
the map i. coloured. There only rtmainsto bell3id,lhat it is au 
enet copy of ono by 11. C. Greossier, published by the llil'ot g.lne­
ra1 del. lUanne, in 1835. The nam .... h.,·cbeeD.ltt!M into En­
glioh, and the longitude lou been reduced to that or QI'ft!D,,'kh. 
n'ecoiouri "-erofir8tiaid dO"'n on accurato charts, on alarge.cale. 
Thedatn, on which tho"olcan08 historically known to hllve ix't'll 
in actioli, ha,'o heen markcdwid, "I'rmilion, "'cregiten ina nototo 
the last. chapier. I " 'i llcommenoe mydcseription on the ea.ll'm 
lide of tho map, and "ill dCIICribe ,each group or i.,1.nd~ CODr;ccU­

lively. proceeding "-.... tward IlCJ"QI!:I the J'.cific and Indian O.:cana, 
Lut ending with theWCIt IndiCl!. 

The )rt:ITP.R' 8110HU 0 .. ~Enlc.t. a,lpl':U to be rnlirely ,,·ith. 
out eonI reef~: lIOuth of the equalor Ihe lun'ey of the ne.gle, and 
northo!i!., the publi!hedeharullllowthat this i, the CftOIe. En'u 
in Ihe Day or Panama, ... hcrcroralt lIouM8h, there are no ImeroraI· 
reef;J, as I hue been informed by Mr. Lloyd. There ue no roml. 
reefs in the G(I/OJXl9'" archipelago, ... I know from pel"llOnal inMpe<:_ 
lion; and I betieye dlere are none on the Cocw, Rerilla"""!JifPdo, and 
other neighbouring islands. Clippn"Um rock, 100 N. 1090 W., 
has lately been 8Ul\'eyed by elll)t • .Deicher; in form it is like 
the cratcrof. volcano. l~romadra,,"ingapi'cnded tollie MS. pl4u 
in tile Admiralty, it evidently U! not an atoll. Theea~tem partl of 
the Pacifie proiICntaneoormous area. .... itbout any island&, except 
b"iuur, and &la, and Goma hl:wd., which do DOt appear to be 
lurrouudcdbyrools. 
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The Low ARCHll'ELA(lo.-This group consists of aoollt 80 atolls: 
it would be quite superfluous to refer to description~ of each. In 
D'UrviU ... and Lottin's c1mrt, one island (lVoldwfldy) is written 
with a c.'pitalletter, signifying, as explained in a former chapter, 
that itis a high island; but this must be a mistake, as the original 
chart by.l3cllinghausen shows tl,at it is & trno atoll. Capt. Beechey 

'811ysofthc 32 groups which hc eJ<amined (of the greater number of 
which I h:n"c 8eefl beautiful MS. charts in the Admiralty), that 29 
now contain lagoons, and hc belicvC6 tho other thrue originally did. 
nellinghau!ll)n (soc anaccountoHhis RU88ian voyag<',in the Biblioth. 
des Voyages, 183~, p. ~~3,) says, that the 17 islands which he 
di;,eo~erro reaemhlcd eachothcr in dructure, and he hD.IJgiven eharts 
on alarge!ll)aleofa.llofthcm. KOl.:1.ebuehasgivenplansofscw­
ral; Cook and Bligh mention others; a few were seen during the 
"oyage of the Deagle; and notiCC!! of other atolls are acattered 
through !!everal publications. The AdIWn group iu thill an;hipe­
lagohas lawly heendiscon:. .. .'d (Geograph. J oorn., vol. ,·iL p.4S4); 
it eOMbt8 of three mlal! and low islets, one of which has a lagoon. 
Another lagoon i$land 1mB been disetn"ert'd (~aut. Mag. 1839, 
1'.770), iI\22°-l,'8. and 136° 20' ",V. Towardathe S.E. partor 
tho group there are !!Orne ialandsofdilfcrent fomlation: Bluabelh 
Island is described by Boochey (p. 46,410. cd.) 118fringed by reefs, 
at t"edistance of b<..>t .. ccn h',o and throe hundrcdyard$; coloured 
red. PilM;rn hla.nd in the immediate neighl>omhood, according 
wtlLe !;ame authority, 11M nO reef.tl of any kind, allllOugll numerOUI 
J)iCCl'll of coral are thrown up on thoheach; the IK"8o close to its 
shore i$ very deep (800 Zool. of Beedley's Yoyag<l, p. 164); it is 
left uncoloured. Gamb~r hland~ (soc Plate I. fig. 8,) are encircled 
bya barrier reef: the groate!lt d"llth within is 38 fathoms; coloured 
pale btue. A"rora hland, which lietl N. E. of Tahiti close to the 
large space coloured dark blua in the map, has !>oen already de­
IICribed in a note (p. 13(1), on the authority of Mr. Couthouy; it is 
an nprai8Cd atoll, but D.IJ it docs not apJX'arto he friuged byli"ing 
reefs, it i~ left uncoloured. 

Tho SocrETY Arch. is IICparated by a narrow lpace from the Low 
Arch.; and in their p:l.ral!cl direction thcymanifetlt !!Omerelation to 
each other. 1 have already de!ICribed the general eharackrofthcroefa 
ofthCiC fineencirded island!!. In theatlll!lorth~Coqui1\e's Yoyagtl 
thero ill a good ge,,~ral chart of the group, and IICparate planB of !lOme 
of the islauds. 1ahiti tho largest island in the gr(mp i~ almOl!t eur_ 
{elllldcd, all IICCn in Cook's chart, by a reef from half a milo to a 
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mile nod a I,alr from the ahore, with from 10 to 30 fathoms within it. 
Some considerable 8uhmergro reefs lying parallel to the shore, ,,-ith 
a broad and deep spaee within, have IlItelybeen di800vered (Nant. 
Mag.183G, p.2601.,)ontheN.E. C(lutor theialand, wherenono 
am laid down by Cook. At Eim«J the reef " which like a ring 
lurroun<hit, is in some pl:u:es onOOl two miles dis1ant from the 
alum" in others united to the beach." (Ellis, PolynMiian RC!lellrohes, 
vol. i. p. 18, 12mo. edit.) Cook found deep water (20 fatl,oms) 
in some of the harbours within the red. Mr.Oonthou1, IHJWe,-er, 
Bt.a1e$ (lkmarkB. p. "5,) that looth at Tahiti aud Eimco, the apace 
i>ctwecntbebarricr.reefnDdthes\.ore,hu bccu almost filled up,­
"n nearly continuous frillging·reef surrounding the island, and 
Y&ryi"g from a few yards to rather more than a mile in width, the 
lagoons merely fonniug canals between this and the llea-roef,~ that it 
the barrier-roof. Tap<lrMrioa is SUIT(lunded by a reef at a consi_ 
deraLlo distance from the ehore; from the island beiug emaIl.iti. 
breached, as I am infenned by tho Rev. 'Yo Ellis, only by a uarrow 
and crookedboat·channel. This is the lowest islllnd in the group, 
iu height probably not exceeding .500 fect. A little way noith of 
Tailiti, thulo .... coral islcl.9 of Telur(}(l. lire &ituat.ed; fromthodcscrip_ 
tion of them gin~u me by the Rev. J. '\'illiams (the autl,o! or the 
Narrati,"e of Mi&,ionary Enterprise), I should h:H'e thought they had 
formed a small atoll, and likewise from the descriptillll given by the 
]tOY. D. TycrmllD and G. Dennett (Journ. of Voy. lind Travels, 
"01. i. p. 183,) ,,·ho l13y that ten low corn! islcu "are compre­
hended within one general recf, and separated fr.omC8ch other by 
interjaccnt lagoon~;" but as Mr. Stutebbury (We'lt of England 
Journal, vol. i. p .. H,) dC!!cri~ it as consisting of a mere narrow 
ridge, I hll"oleft it uncoloured. JJfaiko.,eastward of tl,egrou]ll is 
cllL'll!!edbyFQrlJtcrasahighcncireJedillland; but from the acoount 
given by the Rev. D. Tycrlllllll lind G. Dennett ('·01. i. p . 57,) it 
al'pearIJ to be an eJl:ceedingly abrupt cone, rising from the tea with. 
outllny reef; I bavo left it uncolourod. It would 00 supcrfluollJl 
to dcserioo the northern ialandll in this group, u th~y may be well 
8ecl,inthe chart aceompanyi"sthc4to. cditionofCook's Voyages. 
and ill the Atl:l8 of the Coquille" Voyage . . Maurua is the ollly 
one of the northern islands, in which the water within the red i. 
uot .jeep, being only 4b fatholls; bllt the gncat width or the "-...,r, 
stretching three mila and II haIf southward of the laud (whid, is 
rCI'lC!ICnted in the drawing in the atlas of the Coquille's yoyage 
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u ~ding abruplly to the water) IIhow .. on die principle eI­

plainedin the beginning of the b$t chapter, thd it beloogsto tht! 
barrkr eta.. lOllY hero mention, from iDrom,.tiOD communicated 
to me by the Rev. W. 1mi .. that on the N. E. side of 1J/IIaAeiN~ 
thero;,' bank OfSlUld, about a quarter of " mile wide, exteuding 
parnlld tothelihore,and.eparatedrromitbYlne:dcnfliroand deep 
"goon: this bank or land rtStB on coral rock, and uudoubtedly 
W&I orignally a living mef. Norlh of RoIabola li01 the atoll of 
T<>fd,ai (Moton_iti of ti'e Coquille'. Au..), which is coloured dark 
blue; the other Wanda, IUTTOutlded by barrict"-ree&. are pale blue: 
tlnCo!l of tl,em :lorn rep~ted in Figuno. 3, +, and .5, in I'biG l. 
Thero are three low cornl-grolll" lying no little E. of the Society 
Areb., Imd llimOllt forming l»lrt of it, namely, BlUing"a""", whicl. 
it .id by Kolzehuo (8eoond Voyage, '1'01. ii. p.2S5,) to be .. 
lagoon-island; M()~, whieh, from Cook', dCKrilltion (Sooond 
Yo~, Book iii. chap. I,) no doubt ill an atoll; and the &illy 
hWade, which are said by Wallis (Vo~, chap. ix.) to fonn a 
growp of Wtc isleta &lid !boal., and therefore, probably, they com­
poM an atoll: tbe two Conner have Leenco1oured blue, but not \he 
latter. 

!htlWASA or l\{ARQUr.SA8 GroUp.-TlII'flO illan!b aro entirely 
without roof", u may be ~n in Kruaendtm'. Atlu, making a roo 
markableoontrastwith tho adjacent grollP ot tho8ocicty'. lslan<h. 
lIr. F. D. ikDnclt h .. given lOme aecuUDt of thi. group, in the 
aevooth volume of the Ooograph. Joum. lie inCormt me that an 
the i.lan!b hne the arne geJlenl chan.cteT, and tlla' the water ill 
"ery deep doee to thd •• hol'Of. ITa visited three of them, namely, 
Dominicana, CAn.twll6, and Roopoo; thdr beach~ are .trewed 
with rounded ma!l8Ctlor coral, and although no rtgul4r roof. uillt, 
yot the . horo i,iu many IJIIlOOl lined bycoral.rock, 10 that a boat 
grolludB on thit fonnation. llenoethcaewandeoughtprobahlyto 
comewilhintheclaaollringedi'!auw. andbecolOlU'lldred; but .. 
J am ddenuined to err on tho llIIutioUi aide, J have len them 
uncoloured. 

Coo .. or IIAUV WY Ilud AnTRAL. 1Iu.,-Pa/mn-1Um Uland it 
miuutely deecribed IlS &ll atoll by Capi. Cook during hi, "o)'llgt' in 
177'10; coloured Mue. AilNUlki .. 'lUI partially IlIrI'eyw by the Beagle, 
(1IOIllllapllCOOlllpanyiugVoyagCllof Adventureatld Den.gle); the land 
it hilly,.loping gelltJy to the hc:u:h; thehiglu~t point is360f~t; 
onthelJOlllherllsidetiulroefprojecuSvemilotff\llDt.heIand: ofi'this 
point. the Deagle round uo bottom with 270 fathom,: iho roof it 
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sunnounted loy many low coral-WeL!. Although within the rcef 
~he '11'lIter ;3 C%eeOOinSly shallow, Dot being more tlUl.n a few foot 
deep,8Il I am infonned by the Rev. 1. Williams; nevertheless, from 
the great extension of this reef into a pl"f)f(mudly doep oceRn, this 
i81aDdprobahlybelon~ 00 thepriuciple Jatclyad\"Crted to,lolhe 
barrierc!~RndIhavecolouroditpalobllle;althoughwithmuch 
h08;t..,tioll.-Jlfanouai or Har'r(y hid. The Ioigheat point i8 about 
50 feet: the Rev. J. Williams informs mo that the reef here, although 
itJiCII far from the shore, ;3 !eIIlI dibtant thaI! at Aitutaki, but the 
water within the reef iaratherdcever: I !la,'c alwcolouredthispalc 
LIne, willi many doubu.-ItoIlUd ,tllitiaro bid., 1\8 I am infonned 
by Mr. Williams, the reef is attached 10 the shore; coloured red.­
Ma"ki,orMaouti;tbereefrolludtiliaisld.(underthenameofParry 
I,M. ;n the Voyage of II.~LS. Dirmdc, p. 209,) is described all a 
C(lral flat, only 50 yards wido, and two f .. 'd under water. This 
statcment h:J.8 been C(lrrobol1lted by Mr. William!, who calliJ the reef 
attached; colonred red.-A/iu,or WI-WCO; amodcl1ltelyelcvatcd, 
hilly j"itmd, like the othel!l of thi6group. The red is described in 
Cook's Voyagcae attaehcdtothoshOI"C,andabout 100 yards ,yide; 
colonred reJ.-Prnoua-ili," Cook de!:!Cribes thi~ isld. lIS "cry low, not 
moruth&nsixor9C"cnfcct high, (,·ol. i.book ii. chap. iii. 1777); in 
the chart published in titeCoqui11o'latlu, a red is engravcd c108tl to 
the eh{)J"e: this isld. is not mentioned in tho list given by 11k 
Williams (p. 16) in the Na.rrative of Missionary Enterprise; 
nature doubtful. As it it @o near Atiu, it·has been ull3midably 
coloured red .-R.arOW1l!J<l," Mr. Williams informs mo it i$ a lony 
basalticis1d.,withallatt~hcdred; coloured red . ..:....Thereare three 
islands, illIIt,·ou/i,lW;d;ltr!Jh,and lluJl, of which I have not been 
able to obtain any llOOOunt, and h:LVC lcft them uncoloured. liull 
bid., in the J<'rench chnn, it written with small letters, fU being low. 
_Mu1I{JCliaibeigiltab<Jnt300feei; "the l urroundingreefjoinsthe 
shuro," (Williams's Narrative, p. 18): coloured red.-Rime/ura; 
Mr. Wiliiamsinfonusmeth:Lttherecfie rather cltHlO tu thelhore; 
but, from information given me by 1I1r. Ellis, the reoef doel! not 
appear to be quite w cloeely attached to it M in the foregoing ca.sed : 

the isld. ;., about 300 feet high, (Nant. Mag. 1889, II. 138); 
coloured red._Rurutui Mr. William, aud .Mr. Ellis inform mo 
that ti.I;8 island baa nnnttachcd reoef; coloured red. It is described 
by Cook under tllO name of Qhctern& : he llaya it i~ not surrouuded, 
like the neighbouring isMs., by II roef; he must have meant a distant 
rl't:f.-1'ouOOlUli," in Cook's chart, (2d Voyage, vol. ii. p. 2,) the 
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reef ;g laid down in part olle mile., aud. in part two milefJ from tho 
shore. Mr.Ellis(PolyuCII.lli!I!.,·ol. iii. p.381) 8AyS the low land 
roundthobaeeofthcisld.isvcryutcnsi,-e;Bndthiagentlernan 
infonns me that the water within tile reef appea.n. doq); coloured 
blue.-RairaiMi, or Vi>·i\.&o; Mr. Wi!Jiams informs mc that the 
reef ~ here distant; IItT. Ellis, however, l\3y8 that this i8 cerl:Iilliy 
not the caII(l on one side of theisld.; audile bclieves that tho water 
withinthereefisnotdcep;hence [ IHI\·olcftitunoo!oured.-.LotK<UkT 
}w"f,deOICribedinNa.nt.Ma:;. 1833,(p.693,)ru.auextensi,·ocresccnt­
formed coml-red, I ha\'e nnt coloured it.-Rapa, or Oparl'OO; from 
the !\COXIunt.s given of it by Ellis IUId VanOOllver, there doel! not 
appear to be any root-I."" Ban isanadjoiningi. ld., of which 1 
cannot nnd any aeoount.-Ktmin hId.; KruS£:D.I!\.('rn !Klema hardly to 
l:uowits)Ml&itioD, andgiYe9 no furthe r particulars. 

IsLANDS BETWEEN tlu Low and Gilbert A"clli~la;l(IU. 

CarolhUl bId. (100 8., 1.50° W.) ;$ doscribed by Mr. F . D. Ikn­
nett (Geograph. Joum. yol. vii. p . 225) as containing a 6no lagoon; 
ooloured Mue.-FliM Isld., (1 1° S., 1510 W.); Kru8Cnstern belie\'es 
that it i'I tho &arne with P4regrino, which i'I described by Quirol! 
(Burney's Ohron. 1Iist. vol. ii. p. 283) &II " a cluster of sm:ill idands 
connected bya reef,;md formiug a !&goon in the middle;" coloured 
blue._1VOI/ock is all i~ld. a little mora than "alf a mile in di:l1nctcr, 
and apparently quito 8at and low, aDd was di~o\'ered by Delliughau. 
tieD; iti3aituaWi a little wC!ltof Caroline Isld., but it i3 notpl:u:ed 
on tbeJheDch charts; J luwe not coloured it, although J entertain 
little donbt from the chart of Bellinghausen, thM i t originally con_ 
tained a small lagoon.-Penrllyn bid. (9° S., 1580 W.); a plan of 
it in the atlasofthe6rst voyage of Kob.chue, shows that it is an 
atoll; blue.-Startuck hid. (&0 S., 1560 W.)is de8CTibed in Lord 
Byr.m's Voyage in the Blonde(p. 206)u f.mned ofa 8atcoral-r~k, 
with notrees; the height not given; not colonred .-Mal,u,lhld. 
(.oS.,154°W,);inthcsamo\·oyago(p.205)thi~ isld.isl\3.idtobe 

of coralformatiOD,aud no partah.n·e ''0 foot high; 1 have not \'Cn­
tured to colour it, although, from ht-ing of coral formation, it is pro­
oably fringed; in which Ca!lI'l it should be rcd . -Jar~i.r, or Bunl'fr 
Isld. (0" 20' S. 1600 W.) is described by :Mr. }'. D. Benndt (Goo­
graph. JOUnI. vol. ,·ii. p. 227) l1.li a narrow, low strip of coral 
fonnation; lIot eoloured.- Brook is II. small, low i81d. between the 
two latter ; the position, and perhap!! even the exi3teuoo or it i'I 
doubtful; not ooloured.-Pmado and /lumphrey IlIlands; I ClIn 

I!Cl The Com lete Work of Charles Darwin Online 



157 

flildoutnothingaoou1 th_i!bnd,.,uecpt that the latter appe:11l1 
to be IImaU . "d low; not coluured.-ReaNOn, or Grand I>uke 
Alcsaudcr'e,{lOoS.,l(lIoW.);&natoll,of"hich a plan i~ gi\'en by 
Bemn!;h~UIICIl; blue.-SQuroroff hla.nds, ( 130 S, 1G3° w.) ; .Ad­
mimi Kruo!(:nstem, in tho lUottobliging maune., obt.nined ror me lUI 
ILCCollnt of these i.lamb from Admiml La:t.:lrelf, who disCiH'Cred them. 
They COll!!~t of five very l()w i.lanw. of coral formation, two of 
which &l'tIoonnected by a roof, "'itbdeep watereloee to it. They do 
not au rrouod a lagoon, hut an. M) pl:a<:ed th.t alinodrawlI through 
them includes an onl "'JoaOe, part of ",hid, is shaUo .... ; tlH~8e i,iets, 
t1,erefof'l', "rooobly once (at i. the case "'jth !lOme ohhe wand~ in tbe 
CarolinG &rch.) formed .. iiugle atoll; but I have nat coloured them.­
,O(>,II9tr hid. (100 S., 1660 W.); described aa low by Com. Byrotl. 
and more L,t..Jy un'eyed by Bellinghauseu; it iii a amalllltoll with 
thr8(l iillcUI On it; bluc.-Clart7la! hId. (90 S., I7Z"W.); di~ 
covered in the Pandora (G. lIamilton', Voya~ p. 75): it i.!! lJ;iid, 
"in running along the land, .... e laW lleveral canoea croIIIIing tbe 
lJJf!OO"";~ all tbi.!! i~land il in the etOile vieioity of otbcr lo .... i,;lanW!: 
and u it ile:aid, thlt the nati"!'JJmlke re@ervoiraofwaterinold 
eoroa,·nut trees, (which Iho"'1 tha natul'() Qf the land) I have no 
dQubt iti~ lin atoll, and haI"Clcoloureditbl"e.-York laid. (80 S., 
1720 W.) is de;ocribcd. by Commodol'() liyron (dmp. x. of hi. 
Voyage) Ail an atoll: blue.-S,.¥<illt,ll hid. ( ... 0 S., 172" W.), is 
about throo miles in du.meter, with its iUl<!rior oecupied by a lagoon, 
(Capt. TrolOCliu, Aunal.llarit. 1829, p. 297;) bllle.-PAmliz bid. 
(4°8.,171° W.) i5u.early circular, low, UIldy, not morethant ... o 
mile!! ill d;"metc'r, and very steep olltaide, (Tromc1io Annal. Marit. 
1829, p. 297): it may be inrerredthatthisilld.originallyoontained 
a lagoon, but I hll.'l'e oot coloured it.-NeIO NanlNC~I, (0° 15' N., 
17010° W.) From the I,'rcl1ch c1uut it must be a low illld.; I can 
find nothing mom about it. or about Mary hId. : both unoolonred.­
CaroMr hId. (5° S., tHO W.). from ita potition, iI certainly the 
.. me .. K_in bid. detCribec:l(Kruaeostern, p. 435.,Appen. to Mem. 
Ilubl. 1827) all baviDg a lagoon in itl centre; blue. 

ls ....... ·n18 lJOUTU O//k &ndlt'kA: ArtMpJ(I!JI'. 

CArimnlU bid. (Z" N., 1.57° \V.) Capt. Cook, in Ilia third 
"oYlge (vol. ii . chap ...... ) h,.. givcn a detailed aocoun~ of this atoU. 
Tl'e hreadth of the ialeta on thel'OOf is unusually grea.t. and thc sea 
near itdoell 1I0tdcepeu .,.uddelllyal!is~ncrallytheeaee. It h .. 
lIIomiately been viBill:d by Mr. Jo'. D. Dennett , (Oeograpb. JOllm. 
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vol. vii. p. 226); and he aaures me that it is 10 .... and of coml 
formation: I puticularly mention thi., becaUf<e it is engraved with a 
capitaJ. Ictter, signifying a high hid., in D·Urvil!e and l.ottiu'g 
chllrt. Mr. Coutheuy, also, hM gi"cn !!Omt) D.<;CQuut or it, (no­
marks, p. '6) from the Hawaiian Spectator; he belieVe!! it hIlS 
iatelyunder"onca Bmall elevation, but bisevidcllcc dOCIIlletappcar 
«> me satisfactory; the deepest pan of the lagoon is sa.idtobcullly 
ten feet; ne'-erthcless, l ha,·e coloured it blue.-f'allllillg I sM., 
(,0 N., 158°W,)aecording «>Cal)t.Tromciin, (Ann. Maritim. 1829, 
p. 283,) iB an atoll: hisllCl)Ouut, asol.oSCn'ed byKru9CIlstcrn,difTers 
from that gi,·cn ill Fanningil Vuyage, (p. 2240) which, howevcr, is 
farfromel{):lr; colonredbll1c.-JVtu/,;",?I<lnlsld. (",0 N., 1590 W.) 
is engraved IlS a low i~ld. in D·Urville·s chart, bnt is dCllCribed ),y 
Fanning, (p. 226,) ll.'I having a much greater el •. \\"at;OIl than Fanning 
hid., and hence I presume it is not an at.oll; uutcolonred.­
Palmyra hid. (6° N., 1620 W.) is an atull divided into two part.!!, 
(Kruscustcrn's Mem. Suppl. p. 50, 1\1'10 Fanning'~ Voyage, p. 233); 
Mlle._Smylh'" Or Jt)hn~ton'~ lslds. ( 170 N., J 70° W.) Capt. Smyth, 
R.N., has had the kindness to inf[)rm mo that they consi8t of two 
very low smaU islandg, with a dangerous reef off tile east end 
of them. Capt. Smyth dOC!! not reooHcct whether these isleta, 
togctherwitbthorref,surronndedaiagooD; uncoloured. 

S")lI,)WICU ARCIT.-J/(JK:(lii .. in the chart in }'reydnet'e aUa'!.., 
small portions of the oolllli are fringed by reefs; and in the aroOIlL­
panying Hydrog. Memo;r, reef~ are mentioned in several places, and 
thecoml i$ lII1id to injure the cables. On one sidootthe i..slctot 
Kohaihai there is a bank ef III1nd and coral with fivefcct watcroll 
it,rullnillgparaHeitotheshore,andtcavingachallnelofaboutfifteen 
feetdcep within. 1 h:"'ccoloured this bid. red, hut iti$ n!rymllch 
16M perfectly fringl:d tllau others of the group.-Maui .. in Freyei­
net"s chart of tl",anchorage or naheill'" two Or throe miles ofeoo.st 
aro sccnro berringet!; and in the Uydrog. MCffioir"oonksofcoml 
along ahor(l~ are spoken of. Mr.}'. D. Bennett informs me that 
thercefs,on an average, cxtcnd about a quruterof a mile from the 
beadl; the laud is not very ijteep, lind t)utsido the reefs the eea docs 
notbecomcdcepvcrysuddculy; colouredred.-,){orol<n, I pre8urrc, 
is fringed; Frcycin<'t spcalr.s of the brcakcl1l el(tending along tile 
.horeat a little distance from it. F rom the ehllrt, I bclie\·e it iII 
fringed; coloured red .-Oahu .. F'reycinet, in hill l.Iydrog. Memoir, 
mentions 8Omo of the reefs. Mr. F. D. Dennett inform! me that the 
!hore is ~kirted for forty or fifty miles in length. There is even 111 
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haroour fo r sl, ip8 formed by the m::r.., but it is at tho mouth of a 
valley; red .-AtlXli, in La. Peyrouse'.chllrt9,i$ rcprescntooa.sfringEd 
by a reef, in the same ma.nner a,s Oahu and Morotoi; audtbis., uI 
ha,-o been informed by Mr. Ellis., on part at least of tho shore, is of 
coralfonnatiou: therecf docs uot leavc'adecpchrulllc! withiu; rW.­
On«hI)tD; Mr. Ellis believes Ihis island i~ also fringed by II. coral_red: 
oonsidcriugits close rroximity to the other bhl.lllis., I h(Lvevcutured to 
colour it red . I ha,·o in "ainoonsulted tllC worksofCook,Yauoom'cr, 
LaPoyrouse, and Lisial1~ky, for any satisfactory aeeount of \hc small 
bbllds and I"U'fs., which lie lICattcn:d in aN . W. linc prolonged from 
tho Sandwich grollI', and hcucehn,'O left thcllluucolourcd, with one 
exec'ption; for I am indebted to Mr. F. D. Bennett for informing me 
of an awll-formed reef, in Lat. 2SQ 2:', Long. 178°30'W.,on which 
the Gledstanes WI\.9 wrecked in 1837. It is a]'p.uently of largo 
size, and extends in 8 N.W. and S.E. line: "ery few idcts ha ' 6 
been fonned on it. The lagoon seems to bo shallow; at least, tho 
uecp<:"1lt part which WI\.9 sur"eyed wu only three fathoms. Mr. 
Couthony (Remarks. p. 38) dOflCribes this isld. under the name of 
OeMn isld. Con~idcrn.ble douhtfJ should l>e clltertained ...:garding the 
l'atnro ofa reef of this kind, with a I'ery s!,allow lagoon, and stand. 
iug far from any olher atoll, on aecollutof the possibility ofa crater 
orll.llt bank of reek Jyingat the I,roper depth beucath tilosurfaC(l of 
thewarer. thusaffurding a foundation for ariug.formed coral·red. 
1 ha'l"o,howol'er,thollght mYlIClf compelled, from ita largesiz.Qand 
sYIll1llctric.1\ouUiue,1ooo\ourit blue. 

S.UIO,," or N.AVIO.l.TQU Gnoul' .-Kotzcbllt, in his second "oyagc, 
contrasts the structllre of these islands ",ith many 'others ill tho 
Pacific, in not being furnished with harbours for ship~ formed by 
distant corn.\·reef$. The Rcv. J. Williams, howel"Cr, illforlll8lllo, 
that coral-reefs do occur in irregular patches on tho shores of thftMl 
island.'l; bllt that they do not form a. contiullolls oond, lIS ronnd 
Mangaia, and other such perfect CII.SC$ of fringed island!. Fromthe 
charts n.ccompanyingLa Peyrouli(l·. voyage, it appears th8t the 
1I0rth shore of Saraii, MOOII.IUl, OroW/9a, o.nu Matwa, are fringed 
by rccf~. Lal'eyrouse, speaking of Maouna,(p.126.)r;a.ys that 
thecoral.recfsurrounding ilsshores, ahn06t tollchesthe beach; Rnd 
i8 breached- in front of the little COVC!l and 8trenm~, forming pas&lges 
forcauoes.,anuprooobly c\"enforooa.tl!. FlIrll,eron (p. 159.) he eX_ 
tClld.'Itho ssmoobecn'atiou to all tho islauds which ho visitcd.-ItIr. 
Williams in hu. Narrati'l"e, spcah ofa roof going rOllndaSlllal1 island 
attached to O!jOlaow,and returning again to it: all these isla.nds 
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have been ooloored I''ed.-A chart of n- iJand, .t the l'li:lreme 
west end of the grouP. i, gi"en by Freyci~t, from which I lIl'ould 
have thought that it \'.'\ been an atull; but II((:Ordi"gtoMr. 
Couthouy (Hemarh, p. 43.) it consists of a rocr, unly a league in 
circuit, 8urmouoted by a vcry foOl' low islel.ll; tho lagoon i~ very aha!· 
low, and it strewed with numerous hrgol boulde ... of volcanic rook. 
Thi, island, thcrcfore, probably oonsists oCa bAnk orro<:k,.rew feet 
suhmergcd,withtheoutcrmarginor il.5upper.urCaeefrillgM,,-ith 
reef.; heneeitcaunoi. !)('J properlycla!!9lld ,dth atol!., in which the 
(uundatioo,aroalway,."ppoeed to lie a' a dcptb,gn-atcr than thai. 
fit which the reef~DdnLeting polypifCf! din life; not eoloured. 

DewridgI R«f, 20" S. 1117° W., is de!ICTibod in the Na.ut. Mag., 
( May 1833, p. 4oU) as ten mile$ long in a N. & B.line, and eight 
wido; " in the inlido of tho recr, tll Cro .PJ>CDoI'8 dccJl water ;" there 
i!apMl!3go near tho8.W.comer: this therefore II!(!msto be a 
lulunergedatoll, and isroloured blue. 
&oo~ W., 19° S. 1700 W" has been deteribed by Cook and 

}'onter. Tho younger Fonter, (,.01. ii. p. IG3.) illY' it is about 
foriy feet high: he IU111«tI that itront.a.inl a 10""plain, ""hieh for­
merly WM the lagoon . Tho lte,.. J . Williams inform. me that the 
rt.>(If rri nging i t.s$horee,rceelllbl~tha.t round i'!fllngaia ; coloured red. 

FHTKl'ID~Y ARCII.- P!llIIIUlr1 lsI: judging from the chart. in 
Froyeinet', Atlu, I should have .up~ that it had t-n regularly 
fringed; but u nothingi! Baid in thellydrog. liCllloir (or in the 
voyagoorTa.sm.an, t1u~ ditllovet'l!f)about roraI-reea, 1 ha,-" left it 
l1neolou~.-To",1<1"'bo.: In the atlas of the "oyage of the AlItro_ 
labc, the whole south aide of the island is rep"*n!.ed u narro""ly 
fringOO by the 8;l.m" roef "'hieh form! a1\ extensife platform 01\ the 
northern aide. The origin of thi~ latter reef, ""hich might have 
been mistaken for a barrier·reef, lI DJl already beo1\ Iltt.:mpted to 
bee.plained, when gi,-ing tho proofs or tho recent ele"ation of this 
illand,-In Cook', charta the little outlying i,land alllO of E<Jaigef, 
isff»ICe('I]tedu fringed; roloured red.-.&.IUl: [ cannot. make 
out from Capt. Cook', chan. and de9CriptiODtt that this island 10 .. 
any reef, although the bottom of the neighbouring tea teems to be 
corally, mndtheialanditttlr is fonned ol cow-rock. Fomer, how. 
ever, di.tinctly (Obeeuationl\ p. 1 • . ) c1 __ it with high i~lands 

hl1ving reefs, but iteert.a.inlyil notencireledbyabarriel'-roef; and t he 
youngor jo'orsrer (Voyage, voL I ., p, -t.2fJ.) 1Ia,.., tha~" .. bed ofooral 
rockl lurrounded the 00DJlt towards tho landing-place." I ha"a 
thereforecl:wledit",ith,the fringedislandl\andcolounrlitnrl. 
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11w ""enl i.bnda lying N. W. of Tongat.aboll, nlimely.lHalltoMl", 
KilllWN!JO, A."010"" lJj,,"!}IJ, PQ4, &"'., are IIOeIl in CaIIL. (:.,ok "I d.arl. 
to be fringed by reef.l, and !leo'en! of them an CoUDeCtod wgethcr. 
From U)O ,-ariOUI 8tatementa ill tbe fir.t vlOlume of Cwk'~ thin! 
\"Q)ase,and etpeciallyill tho-Hhlud61hch:t.ptcn..it appeal1l that 
th ..... ruel'daroo(OOI1lI formation, ami ccrtainlydo not belong Loth" 
harner elaN; coloured red._T"uj ..... ~. A"uo, forming thn western 
part ,,( thu,liroup, f'C<:ordiug to .For~t.;r, havQ no r«:f~; thu former 
i~ an a.ctko \'01"'1110.- raMO. ThcrQ i .. Do ehart of thi.! ,jngularly­
(Ilrm~>d island, loy E:!pinoz:lo; aooonling to )1 •. Williallli it CUll$;blt 

arrow-rock: theCbcI'alicr Dillon int".ml mo that it Us 'lot fringed; 
Dot c~louretl. Nor &rll the ilsbmu of Lalt. nml A./UI'!Iuro, (or 1 
1."'0'0 not.teeD Ilialll Oil a large scale of them, aud do not kno .... 
.. -Iu~thcr UI01 ai'll lringt:<!.. 

tVi4!J.a, 160 8. 17-&'0 W. or Kcpp6i I..tand o(Wallii., or C«w Llld. 
From a view and chart ol this i.tland, gi."("Q in WIUi.;·1 VOylgt', 
("1.0. edit.) it i. e"idently encircled by a I't.'cl; coluured blue: iti. 
however l't,lIIIarkaLle thlt iJa«xJlCfR hl;l.ud, imm ... dia.tdy lUijoining, 
liaa uorcdofany kind: uncoloured. 

IVullu JI/(.tIIJ, 130 S. 1760 W., a ~hart Iud vicw of thi~ i.land in 
,\rallii'IVoyagc, (4to. cdiL)showlthat it i, encirded. A .-iewof 
it in tho Naut. Mag. July 183:1, p. 316" show. tho ..amc fact; 
blue. 

Allllujal4U, or Hor" 1~laud, Orwuajll, or P M!! l ,J.:md, and 
IIuNltr ldlandi.,liobet,,·cclitlieN:wig..t...raudt'idji groUpl. l ean 
find 110 di~tinctaeeounworthelll. 

Fin.!, or Yll"1 GaouP.-'l11e bell dIan of tho numerou. Wamh of 
thi.l group. "ill be found in tho AU .... (If 11'0 A~trola1>e'" Voyas::c. 
F rom thili, aud from tho dCIICription givcn in the llydrog. llcmoir 
aecompanyingit, it appcan that lUauy of t11C1e i6landsarooold and 
lIloullt.:l.illonl,ri.ing to the height of between 3,OOOund"',OOO feet • 
.Most of the iliandl a.ro lIunouIldcd by I'tJCf~. lying fa., from the land, 
and oUloide or which the ocean al)pt .. ,.. lOUY d~'IlJl. Th ... A."holllbc 
BOundoowitl,J)Ofllthomi in !!C"cml plaoc. a.~nt a milo frolllthc 
m;r~ and fou lld no ootl.Om. Although tbe depth "ithill the reef, i~ 

not laid down,it j;t fll'iIk"tlt from llel"lmu Cll).et¥ions., that Capt. 
D'Urvillcbelio,·Nthat.hi l'llcouldauchor\\·ithill, ir l_geIIUut.ed 
throngh Ibe outer barrien. The Cbev. Dillon illfonul ule that tl,i6 
q the e:LIO: hmO(! II,ave- euloured thia group Lluc. In IheS. L. 
part. liN Bal4G, or Tu.rth ;"laud of Cook, (2nd "oragt', "01. 2. 
I" 23, and cbart; ,to. edit.) liurroundcd Lr a coro.l-recf, "which . 
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in some plaC(l!l ~xtcnJs two miles from the shore ( within the ~( 
the water :l.ppealll to be deep, and ou\.!!ido it ;s uufathomable ; 
coloured Im\e blue. At thil distance of 11 f..,w mi\e!I,Capt.Cook 
(ibid. p. ~H) found ll. eireul:u ooml-recf, four or lhe leagUe!! in cir­
cuit, with deep water within; "in ,hort. the bank wants only,. fow 
little i~let8 to make it cx~ctly like one of the half-drowned i~les IlO 
ollen mentioned,"-mllnc\y, awlls. South of Datoa, lil'll the high 
island of Om;), which appeal'l! in lldlinghausen's atlas to be encircled; 
as do IOrueother small islands to the BOuth; coloured pale blue: 
ncar Ouo, there is lin ll.lluuiar_J"C(!f, quit... similar to theotle just 
descrihed in the words or Capt. Cook; coloured dark Line. 

lWil)tl.mah, 13° S. 170 Q E.-From the chart in Duperroy'a atlM, 
(thonghtthiB is!. wll.scncircJed, and had coloured it blue; but tho 
Chc\'.DiIlon tlSlInffS mo that tho rwf is only a shoro or fringingono; 
red. 

Indtpen4encd hI. 10" S. 1,9" E., is described by Mr. O.Ucnneit, 
(Unit~-d Sen'icc Joum. 1831, part ii. p.197) as II low island 01 coral 
formalion; it is small, and dOC!! not appear to Cilntain II lagoon, 
IIltllOUgh an oponing through the rwf ill. ,""f~'rTed to. A lagoon pro­
bablyonooexi.ted, and h:u since bccn fined up; left uncoloured. 

ELLICE GROup.-O.rcar, Peyltt r, and Hlliu bIds., are figured in 
Arrowsmith's chnrlolthoPaeific (correcledto 1832) as utolls.nud 
aro ea.id to be \'Cry low; bluo.-NWt d aNdildl Is\. ram gn.'ntJy 
indebted to the kindness of Admiral KrllscustcTIl, for 8elldillg mo tho 
origiual docllmontg concerning this island. :From thc l)lansgil'cn by 
Capts. J.~g nnd Khremtshcnko, and from the detaik-d nccount giw~n 
Lythoformer,itnppcarsthat it is a narrow coral isiaud,aooutlwQ 
miiea long, Cilntnining alIDlall lagoon. l'ho sea is IUY dcepe\oscw 
the shore, which is fronted by ShMp coral-rocks. Cnpt. Eeg corn­
par(':8 the lagoon with that of other cornl_ildarub; and he distinclly 
Bays, the land is "\'ery low." J have therefore Cillnured it blue. 
Admiml KruscnsUlm (Memoir on the J'acific, Append. 1835) slate. 
that its sheroi ILrO 80 n. high; this probablysro8I'l from tho height 
of the cooo&-nut tl'OO!l,witb wbieb it is COYcred, being mist.'lken for 
land.-Gran Cooal is 6(lid in KrU8eu~Ulrn'8 Memoir to be low, and 
to be surrounded by arecf; it ill 8msll, and thereforo }lrobablyonC(! 
contaiued a lagoon; uncoloured.-Sl. Au:1lUtin. From a chart and 
view o(it, gi"cniu tl,e AtJ.asofthe Co<:juille's Yoyage,itappcarsto 
bo a small atoll, with itslagoou}Xlrtly lilledup; coloured blue. 

GILuEnT GnouI'.-l'he chart of this group, given ill the AlIas 
of the Coquille'S Voyage, at onco shows that it is composed of tcn 
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... ell ciluactcrizcd atol»' Tn O'U"'ilIc and Lotlin', ch:ut, Sytktt­
"tim i, written with II. elpil.al letter, signifying that it i. high; but 
thiBoerta.iflly is flotthceaee, for it is a pcrfcctlycha=:t.crizcd atoll, 
amI A sketch, showing how low it is, i9 g i,'cn in tho CoquiUo'. 
Athlll. &me Darrow It rilt-liko reefll projod from the lIOuU,cru 
l ido of J)""mnumd atoll, and rendcr it in~ullU, 'nul Kluthcrn 
island of the group i. called C4tue (in IIOmo charta, lltJtdIM); of 
this I ea.n find no account, but iUr. F. D. Dennett dieco'"cred 
(OeograplJ. Journ. '001. ,·ii. p. 229,) .. low elI:tcnli,'e i.1:md in 
DClIrly the .... 0 latitude, about thnle dcgreea ... ·est. .. ·lUd Qf the 
longitude a.vigned to UotehCl, but vcry I)rob:..bly it is tilt) !!/lmo 
i,land, Mr. DcnIliltt infonn. mo that the mall lit tho ma.si-hcnd 
reporte<l an appeamnce of lugoon-wawr ill tho C!'lItl'(!; aud, thero­
(0"" oonBidcring itll pOllitioll, I have coloured it bluc._Pitt hid., at 
11111 cll:treme northcrn point of tho group, ialcrtuncoloured,Miu 
eud position and nature it not kno .. 'U.-D,.".... bid., ... hiel, lies a 
littletothll_t .. -ard,d_notappcartoba\"llbeenvisitedlliooe 
Commodofe Byron'. Voyage, and it "'l1li then tileD ollly from a 
di,tanced I 8milC!l; it i. uid to be 10 .... ; uncoloured. 

lktIIIN, P f«UQ'II, and.dlllllllichlru.. alllillconiiderablytoti,o 
WCltO! tho Gilbcrt group: Iila .. o been unable to fi nd anydi$tind 
Account or them. Ooean Wand i. written with small 1cttCI1 in tbo 
.Freudl chart, but. in KrnIl8D8tern'. Memoir it. it .. id to be high. 

l LutflUUL ORour.-We afe "'cll :lC<J.uaiuted with tl.;. group 
from the cxcellellt charta of thll .. parnt.e isblnd.ol, made during tho 
twovoyagcsofKotzcbno: a reduced oneof tho wholll,group may bc 
csai1y teen in KrU!leJUltem'. Atlas, and in Kotubue', Second Voyage, 
Tho group COD9;"t.8(,,·ith the cxceptionof t .. ·o litlff i.lands which 
]lrobablyhD.I'\I b.D.dthcit I'goonfilledup,) of a double row of 23 large 
and well-char.u:t.crizcd atollt, (rom the cxluninatiOll of whiehChA­
miuo haa gi"ell WI his well-kno .. 'U account of corol formations. I 
includo Gtupar-Rko, or Contw:olli. Wd., ill thit group. which i, 
tkeeribed by Chamiuo (Kouebuo'. Fi .... ' Voyagll, ,·0J. iii, p. 179,) 
"at A low sick.lo.fonned group, ... itl1 mould OBly on thll windward 
.ide," Oaspard Island ia COIltiderod by IIOme geognphcl'!lu a dis­
till'lt island lying N. E, of tho group, but i\ it 1I0t enter«! in tllO 
chart by Knu.enswm ; lert uncoloured. 111 tho S, W. part of thi, 
group liea Do.rin!J bid., of which liulo il! kno .. ·u; (eoe K ruS('nsterll" 
Appendix, 1835, p, 14~.) I b.,·o Icrt it uncoloured; butikftf/ll 
hid. 1 hancoloun'd bluc, Mitisdeso:ribed ( l bid.).,COn8ming"( 
14.malliel&nds,which, no doubt,inciose a l.goon,aIJ rcprt'tentcoi in II 
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c:hrt. in thl! Coqnillo'8 Atw.-Two i~b.nd.!, ..tIC" l.'dlUIi nn,1 
GfIIf!'I'rRico, amwrittcn in the l-'r("IIchchartwitheapitalletw",,: 
but Ihi. ill lUI error, for from the account gin·n by CloamiDo ;11 
Kotzebuo', Jo'irst. Voyage, they Bra certainly 1<).... The nalurt, 

poIIition,llnde,-cneJO;stence,ofthe.hOft,lland,maUislan"uuurtho( 
the.MIll'1'hallgroup,nredoubtful. 

N£w I1 ~ IHul)~;$._Any ehnrt, on o'l'en a. Imall _Ie, of these 
islands, will tillOW tl,at their hholl.'l arc ahm: .. t without rcfi~, pre­
ItCliting a remarkable COull'1I!t \I-ilh thOlM! of New Cal~dollia on ti,e 
onehnnd, mud the F idj i group 011 tho other. Ne"e-rthcleeB, I ha,-o 
beer, aAured by Mr. G. DenneU, that cornl gro .... ,-;gorouslyon 
t heir .horell; U, indeed, will be furlber ahown in .01110 of the follow­
ing noticee. A8, th<!refort, th_ i,.\And. are not cuarded, and as 
coral groWl vigoron~Jy on their SilO""", "'0 might ahnOl!I eonclude, 
wilhout (un ller evidenee, that theywerefringtd, I.ndhcnooI hanl 
apl)1i(l(\ the mI. rolour .. -ith rathe. greater rreedom than in other 
iu,tanoot,_MattMtc'. R«J.·, an actil·o volcano, IOme .. ·ay 110111 11 or 
tho group (of which :II l)lan i, gil·en in Atlll8 of tile Astrolabe', 
Voyage) dOOll not appear to havereda or any kind abont it.-~I"Na· 
tom, tho lIOutl'cmm06t of the lI ebridell; from a ro ugh wood-Cllt 
gil-en in t he Uni ted Se. vico Journal ( 183 1, Part iii. p. 190,) 
IU)I;Ompanyiuga pape. by :M r. Dennett, it "l'pc't,,"a that the 8110.0 i, 
fringed: coloured re<1.-7'tlNna: Fonte., in hi, Ob.!ervation! 
(p. 22,) "'y' Tanna has On i1$ Ihorell coral-rock and madreporet; 
and tho younger J.'Ol3ter, in hi,l.Ce<).wt (vuJ. Ii. p.2C9,)spe:aking 
of the harbour ")'8, t.he .... hole S. E. lide consi.lI of eonl-lllI.'f~ • 
.. ·hkh are overflo .... ed at high wlter: part or thollOuthemshorein 
Cook', chart i.a "1"'rellellted .. rringro j eoloured red.-/ mma', is 
dctetibed (United Service J 01,m. 1831, P.rt iii. 1'. H):!,) by .Mr. 
IktIMU, Il8 being of mOOen.te elevation, with clilf~ appearing lih 
.. nd'tono: coral gro""8 in patchce on ill .hore, hut I hll\·o not 
coloured it ; and ' ment ion lhe8Cfactll. llCC8u!IO h nmrr might llavo 
been thought.. from F'onJte.', c1aaaHlcation (OlN-rntionB, p . 1'.) 
to have IJc!.n 11 low island, o. even t\Il Iltoll.-r.'rromangQ lsI.; Cook 
( 2d Voy.St', vol. iL p. 45, ,to. edit.) ~pt'IIb or roch every whrre 
li"i"9 theeoast, .odthenati\· ... olfercd to haul hi.a boat OH'r the 
broake .. to tJle .. ndy~eh: Mr.lJcnnett, in a kttcr tothe..-ditor 
or the Singapore Chron., IIlhule. to the roN/. on ill ,hlJret!. It 
may, I th ink, be u.fely infl.'Tnd from tl,eee ra-gH th:lt Ihe ,ho", 
it fringed in parllby ooral roclll; coloun-d red.-& .. JrcicA hid., the 
e~t coast i! uid,(Cook',2dVoYIgt'. ,·ol.ii. p.",) 10 be 10 .... 
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ru"J to be gUllrd~..I loy a chain of breakers. In the aeeompllnyillg 
chart it is ~n to be fring~..I by s reef; ooloured red.-Mallkolro; 
.Forster 8Jlt':1ks of the reef. bounded .horc: tho reef is aooutthirty 
yards wide, and 80 ahai!ow that a boat cannot plSll over it. F orster, 
.1180, (Obscrl·st. p. 23,) $1Ys, that the rooks ofthesca_ahoro consist 
of ,nadrol'(lro. 1n the pl.", of Sandwich harbour, tl,e headlands 
arc rep~nted as fringW; coloured ..... '<l.-A ><rora and Pen/eCQll 
J alds., according to Bougailll·iI!e, spparenUy hal'e no reef~: nor has 
the large isld. of S . E.pirit><, nor Bligh hid. or BaH!..· .. hlds., 
whiel,latierliototheN.E. of the Hebrides. Dutinnoneoftheso 
c:l8Cft,ha,·el met with anydet.ailedacoountof their 8ho~or IlCen 
I,Iansonaiargesc::\ic; and it will be evident, that a friugingl'lX!f 
of ouly thirty, or CI·Cn a few IUlIldred yards in width, is of 80 
little importanooto lIavigation, that itwii! scldom be notieo.'<l, tiJ[­

ccptingbyehanoo;alldhcllceldonotdoubtthatsevcl1lloftheso 
isln.nds,nowldtuncolouroo, ought to be red. 

SANTA-CnIJZ Gnoul'.-Vanikoro (~'ig. 1, PI. I.) (lffers a striking 
example of II. barrier·red, it was firat dcscribed by the Cheulier 
Dillon, in his Voyage, and W:lll surveyed h. the Astrolabe; coloured 
palc blne.-Tikopia and L"alaJ.:a ioln.nds appear, from tho descrip. 
tions of Dillon and D·Unille, to hal·c no reef~: .Anomia i$ a 
Inw, fln.t kid., !!lrrouudcd by cliff", (Astrobbe IIydrog. and 
Kru'leustcn! Mem. vol. ii. p. 432): these are uncoloured.-TouJlllIUI 
(OIOOboa of Dillun) i5 etat......t by C"pt. Tromclin (AnnalC$ r.tarit. 
1829, p. 289) to be almost entirely included in a reef, lying at tho 
di~tallOO of two mik'S from the shore. Thero is a epaoo of thnoe miles 
without any reef, ..... hieh, although indented with bays, olf~rs no 
anchorage from the extreme del)th of tl,C water close to the shore; 
Capt. Dillon a.li!Ospeaks of tho roof~ fronting this island; coloured 
blne.--Sanw·Cr><z. I ha,·c carefully Cl&mined tl,e works of Ca .... 
teret,Delltl'Oca'!tcaux, Wilson, and Trolllelin, and I cannot discover 
any mention of reef~ on iwshores; left uncoloured.-Ti.juJ."Oro isa 
constantly active volcano without rl"Cfs.-Nmdu.jll hIt., (mentioned 
by Dilhm nnder the name of .ftl<rmtlUYl, &c.); s:>id by Knlscnstcm to 
be low, a.nd intertwined with reef~. I do not believe thny includo 
II. lagoon; I ha"e left them uncoloured.-Vuff. islds. c:omfK'SC a 
smaU group directed in a N.W. and S.E. band; theyn.ro desc:ribed 
I)y Wilson, (p. 296, Mi..s. Yoy. 4to. edit.) U fanned by hold p<:aked 
land, with tho islands surrouuded by coral-reefs, extending about 
half a mile from thoahoro: at the disbuceef a milc from thc ..... oefs 
III' fOllud only .;c,·en fathoms. As I hn.l·o norcason fvr supposing 
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thero is deep water witt,;n tlieac reef", [ h~\'c coloured them red. 
-KemtMy isld., N.E. OJf Duff's: J h;we been unable to lind [my 
;)'ooonnto(it. 

NEW CA.LF.oo!\'u.-Tho great barrier-reef! on tho ehom! of this 
island ha-'ealnadYOOen described: (Fig. 5, PI. II.) They hM'olxlcn 
visited by LabilJardierc, Cook, aud tho northern point by n'Un'ill,,; 
thi9iattarpartsoclO9Ciyresemt.lesanatolithatlha1"ecoloureditdark 
blue. The Loyally group is situated elllltward of thia island; from the 
clm.rt amI description given in the 1"oyageof the .Astrolabe, they do 
not llppe:lr to have any recr~: north of this group. there are llOme 
extcnsinl low roe£,s, (called A'/Maw and B«I.Ul"'~') ,,·hid. do not 
eeem to bcatoll-fonned; thescare IcR uncoloured. 

At:STII~LIAN BARRIER-REEP.-The limits of this great roof, which 
111'9 &lready be~n dl':'lCrihed, have been oolourOO from thccllarts of 
j.'JindcflI nlld King. In the northern parts, an atoll-formed reef, 
lying ontsid(l tho barricr, has been described by Bligh, and ift 
coloured dark blue. In ~h(l space bet'ft"ecn Australia and New 
Caledonia, called by Flinders the Corallian Sea, there are nnmerous 
~f~. Of these, $Omo are TCj)n!S('Ilted in KrullCustern's atl3.'l 3.'l having 
an atoll_liko structnre; namely, BamptQn $hoal, F,.tlkric, "illf or 
HOl"8(l-shoo, snd Ak,.t ~fs; theeCl haWI been coloured dark blno. 

J"ol:ISIADE: the dangerous reefs which front 1I1Id ~urrolUld tho 
westcm, $Outhem, and northern 00.'\818 of this 9()·called ~ninsula 
Rnd archipelago, acem etidently to oclongio the barrierdae.. Tho 
laud is lofty. with a low fringe on theco3.'lt; the reefsarodistMt, 
mnd tho sea outside them profoundly deep, Nearly all that i! known 
of this group is derived from the labours of Dcntrec3stenUX and 
Bouga;Il\'ille: thelatic'r has rcprceented OliO continuous reef ninety 
milClilong,parnllelto thcsllore,llnd in placetlllllmncilastcnmilctl 
(rom it; coloured pale blue. A little di&tance Dorth"'anl,wclun'o 
thcMllflhia .. JsJds.,thereefBfOuud"hiehareetlgran!tiinthcMlu 
of the Verage of tho Astrolabe, in tho Arne manner nil in the 
endrolcd isl:lUds of the Caroline arch., tlw rcd is, in parts. a milo 
and n hnlffrom thc !hore, to which it dOC!l not appcnr to be Iltinehoo; 
colonrN blue. At IIOme lillie distan~'Il frelll the extremity ef tho 
Louisiado li~ ll'du reef, d~ribcd in G. IIamiltou'6 VeraS" in 
II.M.S. Pandom, hI. 100): it is said, "we {eund we had got 
emb~Jed in a double reef, ..... hich ..... ill 800n be lUI island," All this 
ttalcm{'llt is only intelligible ell the suppo!litien of the reef being 
creeecnt or hol'llC.sJ.oo fonned, like 9() m:my other submerged :umnl:u 
fix,f8, I haye \'L'uturcdtecoIOlll itblue. 
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S'-LOMAN ARCUlPF,LAOQ: the chart in Kruaenswrn's alL~ show9 tha.t 
tliC80i$i::r.udsaronotcDcirel00, RndD.8cornlappeo.re, (r(>mt!,eworkBo{ 
Surville, llougain"illc, and Lahil!ar,1iere, to grow on their ,hores, this 
circulDstanre, as in the C1\SCl of the New J Icbrid~;$ II presumption that 
they are fringed. Icanuotfind out anything from Dentre<:a.s!caux'a 
\royage, rcgarding thC80uthcru islds, of tho group, so luwe]cft them 
ullcoloured.-Malaylu bId. ill a rough MS. chart in the Admiralty 
has its northern ehore friUgcd.-YNbellsld., the N.E. part of this 
i~l."'nd, in the sarno chart, is al80 fringed: Ucndnna, speaking (Bur_ 
ncy, \'01. i. p.280)ofllll islct adjoiniIlg tho northern oo:lIit,say. 
it is surrounded by reefs: tho shores, also, of ]'ort Praslin appear 
regularly fringod.-Clioiutd hid.; in Bougainvillc'l chart of Choiscul 
Bay, parts of the ~hon)$ am fringed by coral-reefs.-Bqu9ai""m. 
Isld.; acoording to Dentreeasteaux, tllO wCIltem shor\) al>ound~ with 
ooral-reef$, and tho smaller islands arc I!o/Iid to be attached to tho 
larger ones by reef~; all tho before-mentioned i~land8 IHH'o been 
coloured rcd.-BQuka Islds.; Capt. Dupcrrcy has kindly infonncd 
meina letter, that he passcd c1088rcund tho nortllCmsideofthi. 
island, (of which a pIau is given in hlil lItitlS of the Coquille's 
Voyage,) lIud thtltit was "garnio d'nnebande de nicifll a flour d'Ctlll 
adhercnte9l111 ri\'3ge;"lIndhoinfcn. from the abunda.noo of coml 
011 tbeis!ands north andaonth of DoukD., thllt thc rccfprobably i80£ 
coral;colouredrcd. 

Offthcnorthoonst of the Salomon Arch., there aroso\'eralsmall 
groups which are little known: thoy appear to be low, and of «lra! 
formation; lind some of them probably hnean ntoll-liko st ructure: 
the Chcv. Dillon, however, iuforms Ille tbis ia not the CD.l!l;l with the 
n. dc. Cmukloria.-Orlumg JaM, according to the Spanish Nal'i­
gator, ! laurclle, is tlm6 clHlnlCtcrized; but this is the only one, 
which I hal'e I'cutUred to colour blue. 

NEW IUELAND.-l'hc shores of the S. W. point ef this island 
Iud SOIllO adj<)ining isMs, are fringed by reef~ liS mlly be seen iu the 
AtlllSC8 of the Voyllgctl ef the Coquille aud Astrolabe. M. Lesson 
o\)ac,,'cs that tho reefs arc open ill frout of each streamlet. The 
l)"J.;6o/ lrork', hid. ;811180 fringed; bllt with regard to the other 
parts ef New Ireland, 1{Ct!' Hanorer,lIud the !lITlaU ;sbllilir lying 
north"'ard, I have been unable to ebtain IIny infonnatiOll. I will 
only add that ne part ef New Ireland Iloppcars to be (rGllted by 
distllut reefs. I have coloured rcl only the above specified porlien~. 

NEW DlllTAIlI' and tho NOIlTII£HlI' SIIOJ<E of NEW GUllI'EA.-From 

tho elrarts iu tho Voya~'(l ef the A~trobbe, and from the IIydrog. 
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MClntli., it .pl'fl'N that the.e oouLl.", I'otirdy without reef", as:aro 
Ih~S,./r(}"tnI"laI1JI.lyingel~ to the Aflrthem ,honltlfNe .. · Gllinea, 
The wc.tern .nd ~ulh-",.mem 11llrts of N:o'" GllhJe:l, will be treated 
of "hen "11 como ttl the i.bn,IlJ of tho Eatl IndillO Ard'ipt'i:agu. 

AnlllR ... uy GRouP.-From tI,n .t:e(lllnllJ by nollgain~iIle, Man­
relle, Ilt:ntrccnsteanx, and the 8Catte.oo notiOOll collo:<.:ted by 11 0"'­
hnrSh, it appchrtl, that fIOo,e of the >nany i$td!l. co>nposingit, Me 
high, ".ithllb{)ldollt!ine ; all<\othel'1nrovc ' lJow,l!IT1allaud;"ter' 
laced with n,lI;r~, All tho high islnnd. "ppm' to loe f.onted Ly 
di~tn!lt red. riaing abruptly fmm the ~ 11011 within IIOme {)fwhich, 
th~rc i~ r('U()n tn believe that tl,e wnter ill <I«p. I ha"e therefore 
litl1erloubtth~y .reol the 1xmil'r cJu.. III the BOllthem part of 
thl' gro"r, "'e ha\"C~, Eli:alJnIt wld., .... ·hie!, i. 5urronndrd by a red at 
the di.tance of a mil!!; IUld two mill"fJ t-a>It ... rd ()f it (Krwm..tem. 
Apf'M'rI. 183!>, r. 42) there 18 a little i.land containing a lagoon. 
Nl'llr hl""" .. 1010, lies Circular-rwf, ( ilonburgh Dil'l'd.. Yol. i.p. 69 1. 
41h f(lit.) "Il'm! or four mil!-!! in di.meUr, hllving dCl'p water in.nde 
with In opening at the N.N.'V. part, lind on the{)"l-"ide8t«>pto,~ 
I hne f.om thC!l(l dnia,colOllred the group I)/Ileblue, anddrcNl~r_ 
rl'('j dark hl"r.-'l1le A nlldwritu, Hch«Jtlicr, nnd Hermiln, oonsi~tor 
j"""u"'.nilill low i31,'nd~ of cr>mi formnti{)u, which ])robably hal'e atoll_ 
like fonn~; Imt not being ailio 10 lI!leerla;n thil, I lu,,'c ,wt ooIOllr~'(\ 
Ih{'"" nOr Durou .. i,ld" whid) i! de'!C.iloe'\ by Carteret aJ I"w. 

The CIII!OLT:U: Anell. i$ Il{)W w{'11 ku" ..... n, l"hiMly from Ihe 
hy,lrogrnl·hioalllioollrtlofLutU; itcontainl.bout f{)rty groupe of 
DI"II .. , and thrt'e eucireloo islands., two of .... ·I,ieh 'n! rngraved in 
rig. 2 and 7, PI. I. Commencing with the I'Utern )Mort; the 
rncircling reef round Yalan, SPIM'Il" to be onlyaooulhalf.mile 
from the .hon!; buI u the land il 10"', and oo"fiC(\ ,,;th man_ 
gnwC", (YoYBi;C lIuwur da Mandl', fUll' J.'. LutH, "()i. i. p.339) 
tho rc~1 m~rgin 1m! nd probably bt>..n ucertaiuro. The eJrtrcmc 
depth iu ()UO {)f the harooun,,'ithin d,u rcd,i,33fathom8.,(_ 
chart. in IItlae of Cnquillc'9 Voyage,) ~"d o,,~ide iii half a milo di .. 
bnc6 from the n:ef, n() bmtom W!U ohtnin('d with 2$0 fathom9. 
'1'110 rl'l'f ;llunnolinted by mRny islets, IIml th!! lagoon-like chauucl 
"'ith;n i. mmtl~' ,hallow, and 'ppt'llrfl toha"e been much encroached 
"n by tho 10 ..... land @urroundiug the ~entral mnnnt.illl; these fadl 
.how that time h:o.a all'l' .. ed much rletrihlfJ to loxnmubte; coi{)urcd 
pale blno.-P"uytlipitJor&nia!;i",. In Ille gn.-aler part of the 
cireumfem,ox {)ftl,is island, tl:1' r1'I'fiellOOl1t nno mile andthroo 
'Iuamllfdistant:"nlhenorthsiolcitiiJh'eluilesolTtl'eillc!udc<;I 
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high i~l"t.I TI'e!ttf is broKen in Be'"<m>i places; and just ,..itl,in it. 
the depth in (/11(1 1)1:100 is 30 fathoms, and in nnothcr, 28,bcyon,\ 
wl,ieh, to an appearnnCf', there Wall "un porte vastcct sur." (Lutke, 
""I.ii. p.4-') coloured pale Llue._H()<j<llCI<Or Rcu!J. TI,iswnll_ 
Jcrfuigreupront:liDs8t len9t 62 island., and its rrefis 135 miles in 
druuit. Oft!ie island8, ollly a fe ..... , aoout ~ix or eight, (ero 1I~·(lrog. 
description, p. 428 of thcVoyageuf the .'hbolabe, and tho Jarso 
accoml'~n:ing chart taken chieHy from that gh'on by nuperroy,) 
arohigh, and tho Tell are all small, low, and Conned on thcreer. 
Thcd('rthor thcgrcntiutcriorlakoh&sllotbecDa~rtained; Lut 
Capt D'Urvillo «ppcan to h:ml enwrbinoo no doubt ahout tho 
po"Sihilityof takillg in a frigat<:>, 'l1'orecf lies no less than fourteen 
miles disulUl from the northcm coa~8 of the interior high isJds.; seven 
from their w('$wm sidCII,flndtwrnty from the eouthcrn: the sea is 
rll'Cpont'Jide. ThiBislanrlisalikcnrsllonagrnndsc:alototheGam­
hier group in the Low Archipelago. Of thc groujls of low· island! 
forming the chief part of the C3rolinc Archipdago, all thOll(l of lar­
ger size,ha'l'"o the true ntoll.structUTe,{Nl mny 00 r;ecn in the atb.s 
loy Cnpt. Lutke) lind some even of the vcrv small ones.,:18 Macalkill 
and DUpe>Te!/, of which plans arC gi"cn in'the albs pftho Coqu;ne'l 
Voyagc. Th~re are howC\'cr, SOU"" low, emnll islands of cornl for­
,,""tion, namely, Ollap, Tama/am. Bi:JOli, Sa/allOual, which do not 
contain lagoons; lout it is l)tolmbtc that lagoon$ originallyc%isted, 
Lut IHlve sint:<' filkd up: J .. utkc('I'"ol. il. p. 304 .) r;ecms to havc 
thollglJtthat "tl the low islands, with only one exception, contained 
lagoon~. :From the sketches, lind from tho m::mrlcr in wllich the 
margins ofthllSe i,Jands aro cngm\'ed in the atl1l9 of the Voyage of 
the Coquille, it might ha\'e loecn lI)(1ught that they were not low ; 
hut by a comparison with the remarka of LutH (vol. ii. p. 107, 
n-garding B;g~li) and of Freyeiurt ( Llydrog. Mem. L'Umnie, Voy. 
p. 188, ~rdiug Tamntam, Otbp, &c.) it will be 8CCTI thnt tho 
nTtist mnst have repl'C!!('ntcd the lanrl incorrectly. The most 
southcrn isld. in the group, nam('ly, Piglliram, is not cokmred, be­
l'3.U$C I have fonnd no Decouut of it. l{()llg()oor. or MOtIu Vn-diwn, 
whid, wns not \' isitffi by J.utke. i! dcscrilxd and ligmffl by M r. 
Bennett (Uniled &r\'ice Jounm!, Jan. 1832,) lUI an ntoll. All the 
Dbm'c-mcutionffi i,til!ld~ ha\'fl Uttu col()ured blnc. 

'VE8TEII~ I'.INT liP TilE C,\IIQLI~E AnCIIi PELAGo.-.Fai, IsI~lld 

·In D'U •• i11e .nd Loltin·. chart. p ... nrei ... ritten with capital l.tten; 
hutthil .... jd.nU, i •• n.rror. for it il one oftbe low i.lett on tbe reef or Na_ 
lDODOU,lo (_ Lutk~'1 eI,a"",) -. ~lar .ton. 
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is 90 (oot high, and is aurrcmnded,:IS I ha\"e \.>eo:>n infonnedby 
Admiral LutU, by 110 Illirrow roof of li'"ing C(ll"(I.l, of which thtl 
broadest pa.rt, all represented in the charts, is only 150 ynrds; 
coloured red.-Philip hId., r believe, is low; but Hunwr, in hill 
]lidoric31Journal,givesnoc\c:loracconnt orit;unooloured.-Eli~i, 
from the manner in which the ;810t5 on tho rcer~ are engmved, 
in the Atlas of the Astrolabe's Voyage, I should have thought th<)y 
were abovo the ordiml.ry height; but Admiral Lutki: assures me this 
is not theCIIsc; they form a regular atol!; wioured binD. Gooop 
(Eap of Chami9llO,) is a high isbnd with a reef {see Chart in Voy. 
of Astrolabe,) more than II. milo distant in most part8 from tho 
shore, and two miles in ono part. Capt. D'U rville tbinkll th!!t there 
would be ancho,",!;,! (Hydrog. Descript . • ".!holabe Voyage, p.43G.) 
for sbips within tbe roof, if a p=gc could be found; c(ll(lurW pale 
bhll ... -GOU[Ou, fromthec\mrt iu the A."troi:J.be's atlas,appc:ll'8to 
be an awll. D'Urvillo (llydrog. DCllCript. p.437.) BJlC'1kB of the 
low islcison therecf; coloured dark blue. 

l'ELEW hLml.-Krusenstem !!peaks of 80me of tim island. being 
mountainou.; the reefs are distant from the Bhorc,and thcrollre 
BJ>IIOOll within them, and not opposite "alleys, with from ten w fifteen 
fathoms. According w a MS. chart of tho group by Lieut. Elmer 
in the Admiralty, tbcroi$ II. lll.rgo spacowithin the recfwitb decpi;.h 
water: although the high land '!OOII not hold a central position with 
resJX'Cttothereefs.,lISisgt'nerallytilecase, I hal'elittledonhttilat 
tbe reefs of tho Pelew islands onght W be ranked "ith the barrier­
class, and I hM'e C<Jloured them pale blue. In Lieut. Elmer's chart 
there is II. horse_siLoo_fomwd shoa.l, Ia.id down thirt..;.;n milct N, W. of 
Pel", .... , with fifteen fathoms within tho reef, II.lld &Orne dry ballKs 011 

it; C<l1(lured dark bluc.-Spanilh, .Martira, S,lNKrot, Pulo Amla 

and Mariere isiands are not co\oured,bccause I know Ilothillg about 
them, e%ccpting tbat according to Kru~nstern, the IICC(Ind, third, and 
fourthrnClltioned, are low, placeJ 011 C<lr&!-reefs.,andtheroforopcr­
haJlllC<Jnt.~in lagoons; but PuloAiaricrcis alittlc higher. 

MARIANA AnCIlI!'ELAOO, or LADRONEII.-Guahllli. Allllost the 
.... hole ef tili! island is frlngell by reefs, which extend ill most pa~ 
abont II. third of a mile from the land. Even whero the reefs arc 
moat~%tensi\'e,tllo water within them is shallow. In severall'arts 
there iiiJa na\'igable chanucl for boats aud eanQe9 within tho reefs. 
In Froycinet's Jlydrog. Mem., there is an account oftiLcsc reefs., and 
in thc at1~ a map en a large scale; oolourW rod.-R<lta. "L'ile cst 
prcsqucentieromcntcntourcc desrecifs.,"(I" 212,.Frcycincfsl1ydrog. 
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Mem.) ThC:9C recr_ projcet aOOut. qUIITteJ ora milo from the shore; 
coloured rcd.-Tinitm. 1'1'0 CMtl'rII const i. Ilrccipitonll, lind i. 
'I\'ilhoutrecf$; hut tho wcelcrn aido is ftinged like the l"tisland; 
coloured rcd.---Sa.'lpm. Tho N. E. cout, and likewise tho western 
,borea appear to be fringed; but there iaagr(lll.t, irregular, horn-like 
roe!' projeec.ing far (rom this .ide; coloured rcd.-Jidrallon J, MMi_ 
ni/hI.. Ippeus 110 regularly and clo.ely.friogro in }o'rnycinefs ch:/olu. 
that 1 h .... o .. enturedtoeolour it red, although nothing it "'idabo"t 
roe& ill the lTydrognt.phical Memoir. The te,-era! i!lamb wMeh 
(onn the northempan of tho group are volo.oie, (with tho excep­
tioll perhaps of TOTTCII, which ~mbh.'II in form the madreporitic 
island of Mcdinilla.,) and appear to bo without rocl'~.-MaN.9'" 
hO"'over, is dl'llCribed (by}'reycinet., p. 2Hl, Uydrog.) from 8Omo 
Spani,h eh:\fts, as (omled of .mall i!l:md. piAoed "IU milieu des 
nombreu:o; reci~:" and 'as tb_ 1Wf~ in the J;Ilneral chart. uf the group 
do not projed 110 much .. a mile: and .. therou.ooappearance 
from a double line, of the existcnee of deep water .. ·ithiu, I havo 
ventured, nlthongh with much bCllit:ltion, to colour them red. Re!lpec­
ting f'ol!Jtr :mdNo,..h(lllflffh., ,,·hich lie IOmo wily caat of tho 
MlInanll.lJ, I can find ont nothing, excepting thllt they nre probably 
10 .. ·. Krn9Cn~tcm 1liiY' thi, of MarshaJ! i~I.: /lUd Fo1geris.\. u.writtcu 
..... ith lln:.Ulctt<-rsinD·Un·ille·.<::harl: unooloured. 

Doltllt or ..\.11:00818.1'0 GJlol:p.-P«f J.lJ. has locen examined by 
Clpt.lle!Jt,hcy,to whoeeIr.inilu(llllI am much indebted fur gi~ingmo 
infomlation J"C"S'Irding it: "a' Pori Lloyd there i, a great dc:llof 
com!: Ind the inner harbour i! cntirely formed by oo~ roefs, which 
c:o;tclld outf:cida the port along the coast." Cnpt. n~hey, in nnother 
pMt of his letter to mc, nlludCII to the reefs fringiug the ialand in all 
dim:tion!: but at the earne time it must be obeened thnt the !Un 

.... · .. hsthe '·olcanicrockiofthoooastinthogree.tcrpartofil!icir. 
eumferenee. I do not know .. ·hcUlef the other ialnndt of the An:hi­
pellf;O,lr(lfringOO; IllIwe coloured Peel iald. red.-c.·romp,,., Jud. 
to tho eas.tward, doet not. appear(MeaniIYoYlge,p, 95,) to lu,vo 
Iny rccfs, nor dlM'llll»tJno f,id., (from LutU'1 cha.rt) which lies to 
thowesi.l'·ard. U(1!pectinglhefo\\·othcr iRland.in thu. part of thO) 
1ICn, Mmely the Sulphur hid" with au ncth'O) \"olcano, and thOIO 
Iyingbctween Don;n aud Jnpan, (which aro eitWlt.ed ncar tho C;"I;­

tn:mo limit in latitude, II "hich roofa Ir(l formed,) I hl"e not been 
.bleto lind noy dear acoount. 

" 'En E~D OF NEW Gl:II'T..,I..-Port Do"y. From the cLam ill 
lho \. oyage of the Coquille, it would "I'pear t!Jat the COIIIIt in th;' 
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part i, (riogN by eoral.-n!e(~; IU. Leseon, howo1"cr. I'CUl3rki tbat th ... 
eoml ;5 aiekly; coloured red.- li"aigiou. A eonlidef:l.ble portiou 
o(thenorthem Bhoroof t.loClO ilIlall<llare IICCIl in tho ch:lIu(ona 
largo tc:Ilo) in :Freyciucf~ Atlas w l.oo friuS"J by coral-rccf8. }'or­
mit (p. 21, Yoy'SfI to New Guinea) allude. to the coral-rod', 
lilling the bead;. of P~pill Day; aud 1l0Nburgh, (,·ol. ii. p. 5tHI • 
• tl. edit.) ~lC:lkiog of the i~bll<ll in Dnmpier Stmil, .,-.. .. warp 
coral·rocblioe their aI.OrN;·' coloured rod.-In Ihe_north of 
thCE iolauda, II .... have GIf«k-, (or F~ill, or SI. l)orW.,) .. hich 
from the chart given in tho ",LOtdit. <.>f Carteret', Yoyage, must bo 
on IItoll. KnUM'u"tern flD.y. tho ilIlclJI are "cry low; eoloured blue._ 
('{,ru,·d.81wa1I, in 2° 53' N., oro dl1!Cribud lUI circular, with ~tolly 
poilll.8ehowingallrouuJ,withdct:pcrwoterin themiddl ... ; rolouroo 
bluc.-AwlI; tI.e plan ofthill group. gh'cn in tho atias of tho 
'-Drago of the AiitroJabo, .hoon that it i~ au Itoll; Iud, from a chart 
ill I,'orreat', '~ofAge, it apJlCl" thcre i5 t..-t1vo rathon" ... -ithiu the 
circular reef; coloured bJue._ The S. W. ~t or New Guinn. ap­
pm .. to be low, lUuddy, And de1"oid orreer",. The .An-u, Tillwrlald 
Dud TmilHw grouJlt h:l.VO lately I.tccn cumined by Capt. KollJ', tho 
JIS. tr:ll.!lalionof lI'hie", by Mr. 'V. Earl, I havo I.tccn pcnnitl.c(ilo 
n-aoJ, throngh tho kindnCIII of Capt. Wllllhingi.on, U.N. 'l'hl'110 
i~lllndtllrom06t1yr:lthcrlow, and are $nrreulldcd by dilltanl reef.; 
(tho Ki hbnoh, howel'cr, Ant lony, and, froID Mr. Stanley's sun'ey, 
'PllC.'Clr without reer~;) the _ in lOme partlis .ballo ... ·,inorneJ$ 
I,rufuundly deep, (III near LanaI). From tbe imperfection of tI,o 
JlublUihcdcharle,Ihne bccnunablotodecideto ... lticb cillllllthC!!U 
red. bclon~. }'rom tlte diat.ance to which thcyextcud from Iho 
land where the Ilea i~ "cry J~-ep, Ism ItrongJy inclined to believe 
thoy onght to come within tho \.oArrierclllSll, lIud lou cok,uted bluo; 
but I Ilal'e hccn forced iolc:o.ve themuneolourcU.-11.elast-men. 
tiuned groups am connected wilh the ea.ot md or Ccram by 110 chain 
uf amall i~lan<h, of lI'hieh tho Imlll groupl of CfOrQ"",laNI, Gorum, 
In(1 A'tJIi"!I aro IUlTUundctl by H~ry extentli1"1 reef8, projecting into 
deep .... ter, which, &;i ill tho b&t cue., 1 iJUopgly Inspect belong 
w the harrier clas.; but 1 havo not eoiuurcd then •. From th ... 
lOuth,;duof Keffinll, th" f'C('f~projcct fivc lUiI~ (Wind$orE::r.rr • 
.... iling Direct. for the Arafura Sell, p. D.) 

CY.RU1._Iu I'arion, eharb which J hllve QXa'Hiued., ec1"cra\ parts 
uf tho coast am rcpret('UI/"d &II fringed by n'Cr •• -ltfallil'a i~Jand, 
bet .. oen Ccr.un and Dunrou, ill an old MS. ~hart in tile Admiralty, i, 
friDged by. I'cryirtt'gub.rrccf, partly dry at 10",' lI·al.er, ... bicb I do 
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not donbt ia of coral (onnation; both i.;;landi oohlUred red.-lku,.., .. ; 
11lIn.. of thit i5land appear fringed. I.>y coral.roef;o, namely, the eastern 
COIUIt,lUJecen in f.'reycinct'lCl.art; aud CafrliBIlY, which i$&aid by 
lI onburgh (vol. ii , p, (30) to be lined. by coral-rcef8, that stretch 
ont a little .. 1\y, and han:! only 110 few fcri water on them_ In 
eel·eral ch.".ts, portion, of tho i~lan!h forming the ,\mJu!!"" GHOUl" 
Ire fringed by reefs; for init.anOl", Nueua, J/llnll((l, and U,aHtr. in 
}'reydnet" charta. The abof~~utioned i~landl ha,'e boen coloured 
red, althougb the e .. idence i. not very atisfactory.-Norlh of Bouron 
the pan.llelline of tho _\~lIlla 11k. C:llcnd: 1 1111'0 not been able to 
find out anything about them, elteepting that H onburgh ("01. ii. 
p. 5~3) lilly' that tho northern .hore ij ~urTouU(lcd by a red at t],o 
dilJtnnec of two or 11111.'0 milOll; uncolollred.-MglOi Group; the 
KlIlllU"Y b landlaTe aaid by l"orrest (,'oyagc, p. 130) tobt,dil·ideJ. 
trom ~h other by dllf>Jl .trait.&, &lid are lined with coral-roco; 
coloured rN.-G~, lying bet""~n Waigiou and Gilolo, is eu_ 
graved .. if fringed; aoditiaeaid by Freycinet, that &II tbosouud­
iugsunder five fathODl' ""ere on cor.U; coloured red.-Gilolo. Ina 
chlrlllUbliahedbyDalryruIM,thenumcrouli"landlonthowestcTII, 
8Outhcrll, (Bak"~n Iud the Simil oj Palklllil',) lIud clLIItcrn aides 
appear fringed by narro>v reer8; tJo(ie roer~, l lllppoae, am of coral, 
for it iat.'lid in lIIaltc Drun, (vol. xii. p. liiG,) "Iur IC8 wtc8 (of 
Uatchian) comme do ... 1(. ptupart de;! iles do cetarchipel. iI r a do 
t(lCldomedrepoteld·ullo bC:lUtectd'une \'ari~te infinie.l." FoJTCiill, 
alto,(p.iiO,)8Ilys8eland,ne.rllatchi:I.II,iaalittloialand",-ithrttr. 
of oural; coloured red.-.I/orl!l bland, (north ot Gilulo}; 1I0r..burgh 
(vol. ii. p . .50G)sa.y. thonorthem coa!ltillioed Ly reer", projecting 
onoortwomilcs,andh"';ngnoMiundingacl<*ltothcm; I h:l.I"eleft 
ituncoloured.although,aliullOmefonner~itonghtproLably 

to l>o palo blue.-C"lek.. Tho we:!lem :md northcTu const!i appear 
in tho charts to 110 bold Ind withont reef~. Near the oxtremu 
nonhero point, howCfcr, IllI i..lct in the Strait, oj j.imw, and part 
of theadjoillinglhore, aJ)pear to bc fringed: Ihu~tlideofth8 
bay of AItHlado, bas<lecpwaler, and ia fringed I.>y 51nd IWd coral, 
(,Utrol. Voyago lIydrog. Part, p. 4-ii3--I.); thi, I'l[trelllo point, 
thcrerure, I l'I\"e coloured red.-Of the i.bndil lcadillg from thi. 
pointtolllagindauao,lha>euutbceuaLlotofiudllnyaecouut. 
excel)t of &rallgalli, which npP('rI.\"ll surrouuded by n,urow recr~; and 
}'orl'l);!t (Yoyage, p. lG~ ) 81)('akil of coral on it.£ 6hor1Jl; I baw, 
thel'('fore, coloured tbis i,huod red. 'fo the ea~t.".:u-d of thilJ eh.,in 
lie IOrenl bland!!; of .. -hieh [ canuo\. find aoy aceQunt, ~xcept of 
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Karkalall9.whichisfliI,idbylIOrBburgh(voJ.ii.p.50.J.) tobelincd 
by II. dangeroUll reef, projecting sefcrn\ miles from tho northem 
shor6;Dotooloured. 

bI,,l.SDS SJ;:AIl T IMOR.-Tho aeool1ot or the following isl~Dd.9 is 
taken from Capt. D . Kollf"a Voyage in 1825, irauslateo:l by Mr. W. 
Earl, ftonl the Dutch.-Lettll hll.ll "reds extending along shoro at 
tho distance of half II milo from tIHlland.~_MQah3.8 reels on 
tho S. W. lJarl.-Lal;or ha.!! a reef lining its shore; those island!! 
are ooloured red. Still moro eastward, LU6n hll8, differently from 
thnlil.'lt-mcntionedialands, anexwnaivo roof; it irlstrepoutside, and 
within there is a depth of tweJI"O foeti from these facts, it is impos­
Bible to de<:ido to which cl .... this iabnd belougII.-Kiua, olr tllo 
point of Timor, hat its "shore fronted by a reef, deep too on the 
outer side, o,'cr l';bic\, small proMs can go> at tho time of high 
water;" coloured red .-Timor; mOllt of the point!!., and some con~ 
sidcrableBpacesof the northemshore, arel!CCnin.Freycinet'scha.rt 
to be fringed byeoral-roof8: and mentiollismadeof them in the 
AC«Impanying llydrog. Memoir; coloured red.-Suu, S. E. of 
Timor, tl.ppcard in Flindcri chart to be fringed; but I have not 
coloured it, Il9I do not know thtl.i the reefs are or coral.-&mdal­
wood hId. has, according to IIorsbnrgh ('·01. ii. p.607,) a reef on 
it.!l IIOllthern shore, four mi!esdistani from the land; :Illthencigh. 
bouring sea iB deep, nnd generally bold, this probably is a klmer­
reef, but I lllWOUOt ventured to colour it. 

N. W. CoAST of AUSTRALIA. -It appears, in Capt. King's 
Sa.iling Direetions (Narrativc of Survey, vol. ii. pr. 3~5 to 369,) 
tlmt there are mauyextensive coral-reefs skirting, often atcon~idc· 
table digtances., the N. 'V. shol'Cll, and encompa!IBing the small 
adjOlining islet!!. Deep water, in no instancc, is repreeentcdin tiLc 
eharlsbetween theeo reds :Ind Ule land; and, thcrefOlrt', they pro­
bably belong to the fringing cl.a.sa. But:lll theycxtend larintothe 
eoa, which is generally shsUo ... , even in places whero the land seems 
to be !l()mewhat procipitOlns; I havc not coloured d,em. Hout­
man's Abrolhos (lat. 280 S. on west COallt) I,ave lately been sur­
,·cyed by Capt. Wickham (as described in Naut. Mag., 184-1, 
p. 511), they lie on tlle edge of lL ateeplY-Ilhehing bank, which 
extcud~ about 30 milt'll IlCaward, along the wholo line of COlL$t. Tho 
twOl southern roof.:s, Olr i~\aDd3, enclose a. !agoon-like slJacoOlf water, 
,·tiTying ill depth from 5 to 15 fathoms, and in one spot with 
23 fathQlll8. The greatcr part of the land ha.s been formed on UH:ir 
inbud sides, by the a()l)nmuiatiOlD Ole fragment!! of coral!; the !ICa-
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wtlfd (ace wnsisting of nearly blue ledges of rock, Some ef tho 
specimens, brou.'lilt home by Capt. Wickham, contained fragmenu 
of marine shells, but others did nol; audthe>ocloeclyl"e!lembleda 
formation at King Gwrge's Sound, principally due to the action of 
the wind on calcareous dust, wbich 1 shall de!lCribe in a forth. 
wming Part. }'rom tho extremo irregnltlrity of these reefs with 
their lagoons, and from lheir JlOI!ition on a bank, thcnsnal depth of 
which is only 30 fathoms, I hn.vc nol ventured to claM them with 
atolls, and hence havo left them uncoloured . - /lorciey Shoo[,. 
l'hC!e lie someway from the N. ,v. oo:\8t of AuBtrnlia : acaJrd­
iug to Capt. Kiug (Narrntil'e of SUrl'cy, "01. i. p.60,) they are 
of coral-formation. They risc abruI)tly from the sea, and Capt. 
King had 110 bottom with 170 fathom close to them. ThrtC of 
them are c~nt.ehaped; they are mentioned by Mr. Lyell, on the 
authority of Capt. King, with referenco to tho dir~tion of their 
opeu sides. "A third o"al reef of the same group is entirely snb­
merged," (Principle! of Gcolog., Book iii. c1,ap. xviii.); wloured 
h1ue.-&..!t(. ikej" lying lIorth of Jtowley ShOllls, are brieHy do­
serioc-d by Capt. Wickham (Naut. Mag., 1841, p. <1.40): they 
IIppearto be of greataize, of:r. circular form, and "with smooth 
water within, forming proh:r.bly a lagoon of great extent." There is 
II b"Xlk on the western side, where there prob:r.bly ~ an entrance: 
the wawr is "erydeellolfthcsereefs; colouredlolue. 

Proceeding westward along tho great volc:r.nie chain of the East_ 
Indian:r.rcl,ipeJago,&lorSlmit isroprescnwd in a ch:r.rt published 
by Dalrymplo from II Dntch :US., :r.s (rh,gOO; 118, IIro parh of 
Plor«, of Adell(lra, and of &lor. ll o~burgh BpC3ks of coral 
growing on these SllOre!I, and therofore I ha,'c no donbt that tho 
reers arc of coral, :r.ud acaJrdinglyha,·o coloured them red, We 
hear from Horsburgh (vol.ii . p.602,) that II oorol Hut bonnds 
tho shores of Sapy Day. }'rom the slime uuthority it uppcaD! 
(I" 610,) that reefa fringo the island of Timqr- }"ouIl!l, on the 
N . shore of Snmloawa ; aud, likewise, (p. 800,) that Bally town 
in L ombod .. , is fronted by a reef, stretching :r.long the shore at the 
dislanccof a hundred fathoms, with channelsthrongh it for boat.<o; 
thC80placcs, therefore, have beell coloured rcd.-Bally hid.: Ina 
Dntch MS. ohm on a largo scale of Java, which was brought (rom 
that island by Dr. lIors6cld, who had tho kindness to show it me 
at tho India.lloullC, its wcatem, llorthcm, and southern shores 
"ppear ,·ery regularly fringed by a reef (lICe, also, lIorsbnrgh, 
\·el. ii. 1" 5:13) ; and as coral is found abundantly there, 1 b:we 

r f hrl lin 



176 

not the least doubt that tho reef i~ (If <:uml, and therdore h.we 
ooloured it red. 

J . .l.VA.-My infomlation regarding the reef~ of this great i~la1Ld 
ill deri.·~od from the chart jll!jt IUcntiOIKod. The grea.ter part of 
Madura i8repre!lCDtedin it as regularly fringed, and likcwitIC por­
tionll of the coast of J:Io\':Io immtodiately lIOuth of it. Dr. IIorsficlJ 
iuforllHIUJethutcorol ;3,·cryal>undllntncar&I,raooya. Thei$lew 
and J):Iort/J of tho N. <:uagt of Jln'a, west of P(1iul BIU"'O, orJ .. para, 
are fringed by lee&!, said to be of coral. Lubeck, or lJarum i~blld-, 
lying at some dirumoo from theehoro of J""'a, are regularly fringed l,y 
coml-recfil: Carinwn Jura appears equally iO, though it is not diJ'('Ctly 
said that the l'"d~ Inc of coral; tllero i8:1o depth between 30 and 
... 0 fathoms roulld these Wands, Parts of tho shores of SUIiOO Str., 
where tllC water;8 from 40 to 80 fathoms dt"'p, and the isleu 'K'<lT 
Batu~ia appear in several eharw to 00 fringed. In the Dutch 
chartthesonthernshoro, in the ll:lorrOwcst llartofthc island, igin 
two place! fringro by roof8 of cora!' \Vcst of &[lCrrOlC'f)(/u Bay, 
and the extrem~ S.E. aud E. portions are likewise frin;;oo by coral­
n-efs;a!itheai>ove-mcntionwpIBCf'Scolouredred. 

MUUUlllr Sir,; the east eoagt of BiWlltIO appears, ill most parb, 
rrcofromrcef;r., and whero thoy occur, D.6 on the coast of Panw.­
fW"O, the sea. is ,'ery shallow; hence no part is colourw, III 
Mu.:.u.ar Str. ;~If, in about lat 20 S., there are many Sinall 
islandswithcoralsllo, ... ls projecting far from them. Thereareal;;o 
(old chuu by Dalrymple) uumerous littlo flats of ooral, not rising 
to the surface of the water, aud shelving sudd~uly from five fathom~ 
to no bottom witl; lifty fatholll9; they do not appror to I,a\'e a 
lagoon.likestruch,ro. There are similar coral-shouls a litt\~ farther 
8Outh; and in lat, ... °55' there are two, which are engr:woo from 
modem 9U"-CY8, in a manner whicl, might repre!lCnt Iln annular 
roef with deep water in~idc: Capt. Moresby, howHer, who wu 
formerly in thislIC8, doubt" this fact, 50 that I have left them un_ 
coloured: Ilt the llame timll I may remark, that thO!!C two shOllb 
make a ne:lrer apl'rooch to the atoll·like structure tl::." any other 
wilhinthe E. Indinnarch. SOuthwaroQrthcscsho, ... lgtlICrearcother 
InwiJ!landsaud irregulllTcorai-roefs; and in lioc8llaCC of Bea, uortl. 
oftl,cgroatvolcanic chain,rromTimorto Java,wcllave al¥l other 
island;r., such as tho PQllilli<m" Kalatoa, Tr"J:an-B(.,(u , &c" which arQ 
el,iefly low, and are surrounded by \"cry irrcgu\prand distant roofs. 
From the imperfeet charI.! I ha.-c I!OCn, I hal'e not iIccn able to 
deeidewhethrr thcybclollgto the atoll or barricr.clas9C!l, orwhcthcr 
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they merely fringl! .ubmarine hllnks, and gently ~loping land. In 
the Bay or Booifl, bei.y"ecn the two l!Outhem anne of Celcbeft, thero 
are numerous coral-reer_; bllt none of thcmeeenl to h,,'c an atoU_ 
like8tnlcture, I IlD,\"I~, therdore, not ooloured anyot the islands in 
thi'p&rtorthellCll; I think it, ho .... eYer, exceedingly probable that 
lOme of them ougM to be blue, I may add that there i8 11 hllrbout 
on the S.E. COM! of /J()If/QI', ,,-hieh, according to .n old chart, is 
fomled by areel',parallel to the Bhol'l', withdeep .... ater within; and 
in the voyage or the Coquille, lOme neighbouring ialaudlarorepre­
tented with reef~ a good WBY di~tant, but I do not know .... hether 
with deep water within. I ha,'enotthougl,ttll\le"ideocesulflcicnt 
to permit me to colour them. 

SUlIATfI ,\,-Comrnencing "ith the .... est COMt and outlying i$lllnoh; 
.t:n!lIJllo IIld. i9 repl1'!lCTlted in the publi.J!bed chart allurtOnnded 
by a narrowreer, and N'pier, in hiauilingdirectiona, lpeakaofthe 
reefbciug orco~(allO Iloniburgh,Yol.ii,p. (1 5); coloured red. 
R(Jlllld. 30 51' S, is Inrrouuded by ~r~ ofeon.I, partly dry .t low 
",·.ter (liorsburgh, "01. ii. p. 96).-Trit-.u Jild. (40 2' S.) The 
IhoreisreptcllenW,in.c1u\rtwhieh I Mwatthe l ndi' " ouse, a, 
fringed in such a manner, th,t 1 feelsurothorringeeon~;8I11o f coral ; 
but as the island i$1O low, that tho 8<"11 8(>mctimcsflow'quitcover 
it, (O:unpier Vo,-.8'=', vol. i. p, 414) , have not coloured it,-Pulo 
1~,illt.3°. In an old ch.rt it ia said tbere are chum. in t1,orccf. 
round the Wand, admitting boata to tho .... tering-pbot, and that the 
IOUtbern i~lci COlUluta of a m .. or And aud coral._P1d4 PiMI"9, 
lIoreburgh (vol. ii. p.86) "Y' tbat tbe rocky con.! bank, ",·hieh 
Btretchesahoutforty,.arda rromtile!i.ore, il140ep to aU round : in 
.ehart, ,Iso, which I h"'olK'en, the island i, repl'('8Cnted as regu_ 
IMly rringed.- P ulo Milltoo is lined wi th rccr, on ita ",·est side 
(llonburgh, vol. ii. I). 107).-1'«10 BIJII;a/;;, the .. me authority 
(vol. ii. p. 105), ,~kiugofa part,!!&yt it i, faced witb con.! 
rocb.-Mi".'l"in, 30 36' N. A coni red rrunq thi, plaee, and 
IlrojeetJ into the_nct.rlyaquarier ora milo (Noticet of the Indian 
Areh. publisl,ed .t Siur-pore, p. 105)._Pulo BNlIMJ, 50 46' N. 
A reef .urronn<b it at. cable', length (Hotllburgh, vol. ii. p, 60). 
I have coloured.1I tho abo"e lpeci6ed pointll red. J m.yhere.dd, 
that both 1I0nhlltghandlllr, i\foor (in the NutiCCll just alluded to) 
fr«]uclltlylpeaK. of tile numerous rreliJ and bauk~ or coral on the 
,,'eat eout of Sumatra; butthelle oowhere have the.lructuro of" 
barrier-reef, .nd Mandell (lIi~tory of Sum.tn) ltate., that when! 
the oout il fiat, the fringiug rccf~ utend furlhou uom i t. The 
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northemllndllOuthempoilltll,amlthegreawrpartoftheCailtcout, 
!lore low, and faced with mud bank!!, and thereforowithontcorai. 

N1OOIlARIsLA.lws._ThcchartrepresentBtheislandsof thilJgronp 
as fringed by roofs. With regard to Grwi Nioofur, Capt. Moresby 
info"ns me, that it is fringed by reefs of coral, extending bct,,·een 
200 and 300 y!lords from tho shore. Tho .Norlh.rn lYicoWr. appo".ar 
eo regularly fringed in the published chflrtt, tlla~ I ha"e no doubt 
the~fsaroofcornl. This group, therefore,isC(l\oured red. 

A~ll,4.;>f,4.N hL,4.N~.-FroDl tm examination of the MS. chart, on 
a large _Ie, of this island, by Capt. Arch. Blair, in the Admiralty, 
"".-eral portions of the C(last IIppe;1t fringed; lind u IIor1!burgh 
~pea"ksofC(lmITeer8being numerousi" tho vicinity of thesei.eland!!, 
I shonld ha .. o C(lioured them red, h3(\ not IIOmo expressions in n 
paper in tlie AMiatia RClJearches ( .. 01. i ... p.402) led me to doubt thu 
oxistcnoe of reef~; uncoloured. 

The COAst of Muld(C(J, TanURrim, and the couts northward, 
al'pellrin the grea.tcT part to be low alld muddy: where recfso<:cur, 
as in paru of MdlaccaStmil., and nearSi"!1l1prwe,theyaroofthe 
fringing kind; bnt tho waWr is 110 slwal, that I ha,·o notcoloure..J 
them. In the 1)(';\, IIO ..... e'·cr, between ;\hlacea and the we!!! OOMt 
of Borneo, wherothere is a grea.ter depth from 40to50fathoms,I 
bave coloured red ilOme of the grol1p!!, which arc regnlarly fringcd . 
The northern Na/una. ILnd the AlIdlnha. Is\d~. are rel'retleuted in 
the chaiU 011 a large Beale, published ;n tho At.lu of the Voyage of 
the Fa.-ouriw, as fringed by reefs of coml, with very ~hoal waler 
within them.-Tumhdan and BU>11Ja l tildt. (10 N.) ar(l lcprceented 
in the Engli,], cham as surronnded by a ,·ery r(lj.\'l1lar fringe.-S'. 
Barbu (0° 15' N.) is uid by Ilor$butgh (vol. ;i. p. 279) to be 
fronted by o.roef, OVer Wllich boatolcan land only at highwater.­
The .llOle of Bornw at TU"jong A~ is 1101110 fronted by a reef, 
uknding not far from the land (Horsburgh, "01. ii. p.4G8). Thf.'SC 
placel I ha,·o coloured red; although with somo hftlitation, 11.8 the 
water is ~hallo .. ·. I might p<'rhaptl ha"e added Puw i-rol, in 
Gaspar Str. , L«apara al1d Carim.ala,. but IL'l the _ i.e oonlined and 
ehallow, and the reefs nQt "ery regular, I have leU them un­
eoloured. 

The wawr shoals gradually towards tho whole ...... est coast of 
Born«!: I cannot m&ke out that it has any reoefs of eoral. The 
islands, however, off the northern extremity, and nn.r the S.W. cud 
of Pald>ean, are fringed by very distant coralrecfs: tllUllthereeu 
in theca..oe of Balabac are no Ie!! than five milea from the land; 
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but the eea, in the whole or this district., i$80 ehallow, thatthcreef~ 
might be expected to cxt.cnd ,"cry far from the land. I lJaTenot, 
therefore, thought myeclf authorized to colour them. The N.E. 
point of Borneo, whero tho water is "cry shoal, u. connected with 
Magindanao by a ehaill of islands called the &moo ~rchiptl(/!JI', 

about which I haTe been able to obtain \'Cry little information; 
Pa"!JOO1ara", although ten milC'$ long, entirdy consists of a bed of 
coral-rooK. (Notic('$ of E. Indu.n Arch. p. 58): I belieTa from 
llorsburgh that thc islaud is low; not colourOO.-Tahow balik, in 
I!()mo old charts, appears liko a submerged atoll; not coloured. 
}'orn~st (Voya~, p. 21) st.,tes that one of the islsndt ncar 800100 i~ 
Burroundcdbycoml rocb; butthcroianodistantroef. Ncarthe 
S. end of BIU~lan, soma of tha isleta in the chart accompanying 
}'Ortest's "oyn,ge, appearfringW withrccfs; henccI hanlcolaured, 
though un\\illingly, parts of the 800100 group red. The eea be­
tween 800100 and l'ala"'lIn, near the shoal coast ofllomeo is in_ 
tcts]lCrsed with irrrgular reefs :md shoal patchcs; not coloured: 
but in the northern part of this Ilea, thero are two low isle!.!!, 
Cagayanu and Oatil/i, surrounded by extensi"e cornl_reef6; the 
broakersround the latter (Horsburgh,Tol.ii. p.5J3) e:ttend50r 
6 miles from a sand_bank, whkh forms the only dry part; these 
bn'laker~ are stoep to out;;idc; thero appears to be an opeuing through 
thmn on ono side, with four or five fathoms within: from this 
dO'$Cription, I strongly snapect that CaTilli ought tobeeOlliJidcred an 
Btoll; but, fU I ha'"OlHJt f!I.lCn Ilny charl of it, on o'"en a moderately 
largescale, I I,a>'c not coloured it. The islets off tho northern end 
of Palalcall Ilre in the !):ltneeallO as thOM! off the lIOuthern end, 
namely they aro fringct1 by reef~ I!()mO 'my distant from tho shore, 
but the wawr is ueeedingly shallow; uncoloured. Tho woetcrn 
,hore of Palawan will be treared of under the head of China Sell. 

PIIILLlI'PISE AHCIIIP£LAOO.-A chart on a lnrgo scale of Appoo 
lhool,whichliet!neartlle S.E.coastofMindoro.hlL9beenexecuted 
by Capt. D. Hoes: it appeal'!l atoll-formed, but ",ith rather liD 

irregular outline; its diameter im about ten mile!!; there are two well 
defined passage'll leading into the interior lagoon, whkh appears 
open; dose outside the reef all round, thore i~ no bottom with 
!!(lTcnty f.,thomll; coloured bJue.-Mindcro: the N. W. coast i8 
represented in !IOTernl charts, l\Il fringed by a red; and Luball Illd. 
is said, by IIol'!lburgh, (vol. ii. p. +36) to be "lined byarecr.~_ 
Luzon' lb. Cuming, who has lately innstigated with eo much 
sueoees tho Natural IIUitoryof tho PhiUippines, informa me, that 
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about three miles of the shore north of r oil'\ St. Jago, i~ fringed by 
II reef; ail are (lJorsburgh, vol. ii. p. 4:17) the Three Fri3l'!1 off 
Sibnguin Bay. Between l)oint Caponcs aDd Playa Honda, the 
COaiit is " lined by a coral reef, Btretchillg out nearly a mile in IIOme 
pla.ces," (I1orsburgh); and .Mr. Cuming ,·;sit.ed I!Omc fringing reef~ on 
parts of thi~ ooa.~t, namely, ncar Puebla., l ba., and Mansinglor. In 
the neighbourhood of Solon-solon Bar. the shore is lined (lTon­
hurgh, Ii. p. 439) by cor::r.! reefs, stretching out a great way: there 
are al$o recr~ about the i,leu off oolamaguc; and !IS I am informed 
by Mr. Cuming, U{>I!.' St. Catalina., and a litle DurU, of it. The 
Baine gentleman i"fonns me there are reef~ on the S. E. point of this 
island in front of Samar, extending from :Malabbon to Bulusan. 
These appear to be the l)rineiplll frillgillg-recfs on thc coasts of 
I,ul'.Qu; aod they IID.yc all beeu e..>loured red. Mr. Cuming inform! 
mothatnono or them ha"edeep water within; although it appear. 
froll) llorsburgh that &erne fcwcdcud to a considerable di~tanC<l 
from the shore. Within the Phillippille Archipelago, the shore. of 
theialandgdollotappearwbeeommonlyfringed., with theexcel)tion 
of tho S.shore Of.Vufoote, llndnearlythcwholoofBohol; which 
are both ctlloured r..d. On the S. shore of jf(j!Jitld(jN(w, Bunwoot 
Isld. i!!urroond~-d(accordillgtoForref!t, Vo)'age,p.253),byactlral­
reef, which in tho chart ap{ll-ars one of the fringingclall!l. " 'ithre­
Bpectto the eastcm ooa>!ts of the wholo Archipelago, I hal'cnot been 
ablew obtain any llCC(Iuut. 

DABUYA:O< IsLANDIl.-lIorsburgh My!, ("01. ii. p. 442) coral-reefs 
line the shore(lof the harbour in Fllgtl; andthechllrte. ~howthcre are 
other rocf$ abont these island!!. Cami!Jui .. hu its shore in parte. 
lined hycoral-rock ( Horsburgh, p. 443); about a mile "If Bhore 
there is between 30 alld 35 fathoms.. The plan of Port San Pio 
Quinw Bhowi that its shure8 are fringoo. with coral; colouredred._ 
DAlIHEE bLANDIl: Horsburgh, Bpeaking of the wutiJern I)art of the 
gronp, (\'01. ii. 1', 445) says the shorf.'9of both islandgare fortified 
bya reef, and through lIOmeof the gtlps iu it, the nativCII can pass 
ill their boats in fine weather; the ootwm near the land i8 coral­
rock. From the published charts, it is e"ident that 8I.'veral efthee 
islands are mOllt regularly fringed; coloured red. The northern 
islpndgareleftuneolQured,1llI I have been unable to find IInylU:Ctmnt 
ofthetn.-FoRlI08A.11,e Bhores,f.'9peciallythe western one, seem 
chiefly oompoeed of mud and llaod,and I cannot make out that they 
areany ... herelined byreef6; e:Lceptinaharbour (Horsburgh,vol.ii. 
p. 4,1.9) a.t the e::rtrcme northern point: henre,ofeourse,thew'h,,!e 
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of thi~ i.land islef\ uncoloured. The smllll adjoining illlanda are in 
the arne eue.-PATCUOW. OR i\1.U),lIIW-8Il1U. OROOI'II. Pate/"""," 
hili been dCl!eribed by CRII~. Broughton (Voy. to the N. Paci6c, II. 
191); he llay!!., the boll!.!, with ",ruB difficulty, found a pa8Sllgo 
through the coral-reefs, which utend along Ihe (:OUt, nct.rly half a 
mile off it. The boat. .... ~re well sheltered ",it],in the r~f; but it 
doe. not appear thai. dlo ",,"1(0. is deep there. Ouuide tlJf! reef 

the riepth ia "ory irregular, nor)'ing from 6fe l.o 6ny fRthoms; the 
fonn of the laud ilJ noj. "cry abrupt; rolouredrtd.-T(lypin-lUn; 
from d,e de8Cription gi,'cn (II. W5,) by the urne author, it appea .. 
that a "ory irr'cgulBr ff!('fexteud., to lhe dilJt.aue(loftlll'·cral milel!,fro'n 
thelOuthernislalld; butwhcthcr itencireleeBlpllC<:lof.leepwatcril 
notefidellt; 1I0r, indeed, whl'thcrthC!lCeutlying reef$are couDeded 
with those more illlmedilltdyadjoiuing the lund; left unooleun'd. 
I mly here jud add that thuhore of KNm" (lying ",·estef Patellow,) 
lou a nano ... reef aUaehed to it in the pllln of it, in La Peyrou.'lO" 
Idu; but it doe& nOl apptar in theaccouni.of tbe "oyagethatilil 
of coral; unooloured.-Loo CIlOO. TI,e greater part of the coast of 
thitmoderately hilly iblllnd, isslr.irted by reefs, ,,·hid, do not eX\end 
fllr from the shore, and which do notlea\·~.cha,mclof deepwater 
within thorn, al IlIlly be IlCen in the ehart& II.Cwmpanying Capt. D. 
lIall', .. oyago to Leo Chon, (~also reIDBrb in Appeudi:.., p. ni. 
and xu.) There are, hO""e"cr, lOme porta \\;tll deep water, formed 
by reef. in frout of ,·aUeyw. ill the811.me manner u happeul at 
M.uri~iul. Capt. Dc«:hey, ill II. letter to nil', compare. thl'l!e ,cer. 
with thOllC encircling th~ Society hbnds; bui. therB .ppeal"\l to Ole a 
"'Irked diffcrenoebct"'eenthcm,in the I .. diatanee'at which tbe 
Leo Chon reefs lie from the land with relation to lhc proba.hlc 8ub. 
IllRrine inclination, and in the IIb!!CIlCC of an interior deep wRter· 
mOlli.ore1onnnel,parallcltolheland. lIcnoe, I hl!ol'ClcLusedth_ 
reM. with fringing_reef .. and coloured them rrd.-PEaCAOOREli ("'Cf!t 
of Fom"~.). Dampier (vol. i. p. "16,) haseompared thOl]lpoarnnce 
of the land to ll,ellOnthcrn pariJofEngland. The i,llInds am inter_ 
I,oed ""ith eonl mel1l; but as the .... ter ia .. ery ahoal, and asspita 
of.ndandgra,·cl(lIol'1burgh,YoJ. ii.p. 450,) uu-nd far out from 
them, it i8 imJlOllllible to drllw any infcreDOOI n-garding the nature of 
thcf!.'ef*. 

OIlI:1"A SEA.-Procecding from Donh to lOuth, wc fil'!:lt meet the 
Pratu# 811001, (I .. t. 20° N.) which, acrording to IJol'!:lburgh, (\'01. ii. 
p. 335,) i~eomposed of coral, ia of a circular fonn, and hilll a 10 ... 
iIIleton ii.. Thcl'C\'f iaon a len') with the ""ate,',edgr, and ""hen 
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the _ nm. high, there are bn:ake ... ma.tlyall round," \.out the , ... her 
'li'ithin leem. pmty deep in !KIme piaeN; although atrep to in m_t 
partll outllide, thero 'ppean w be .8(lvcn.i parOl where .. ai,ip might 
lind 11Ilchorage oUl.!!ide tho breakers;- culourro hluc.-Thc Parowl, 
han) been :u:c:urntdy ~urvcyro by Capt. I). nou, and chart.! Oil 110 

large teal! published: Imt few low isle ... hne been formed on thelll 
aboab, and thi! aeema to be. ~ner.al cin:um.tanoe in the China Sea; 
the_d(lO!leoutaidetha reefallvery doep; .,nralof them ba,'.a 
lagoon-like atmetnre; or .eparole illeta (PrfAtIU. Rulxrt, I)" .... 
mlIlta, &c.) ani 10 arnnged round a moder.LeI), .hallo", 8pIlce, U to 
appear as if they had once ronned one luge at.oll.-B<mIooy .$lIl)al 
(oneofthePar:w!I\.) h ... tbefonnofan anlluhuroef, and i. "appa­
renUy deep withint it leema to have an entrance (lIon;burgh, 
vol. ii.p.332)onil.l ... ·etlt.ido; it is \'cry doepout,lde.-.DUc:ovtry 
SMa/, .mo, i. of no oval (onn, with a lagoon.like .pace within, and 
dl~ OpeniDg:tIleoding into it, in which there ill a depth from two to 
t"'('II11 fathom!. Out.:oid~, at the d~tance ( lloraburgh, vol ii. 
1'.333) of only ''''('IIty rard, from ti,e l'el'f. lOuudiogaeunld nut be 
obtained. The PlI.I'&ft:lls ani euluured blue.-,IIacd..,fidd Balik, 
dllBi.a ronl bank of gretoteize, lying e:ultof the P&n.oelle; lOIIIe 
p~rts oCtile bank lue lel'el, with a saudy bottom, but, generally, dIe 
depth i. very imgular. Jt ill iute1'llCCted by d~peuts or channels. 
1 aID not aLle to pereehe in the publi.sh~>d charte, (its limits, how­
eyer, are not very accurately kllo"'n) "'hother the central part i, 
doeper, .. J,kh ll\l~pcd. it the cue, u in the great Chagoe Ila.nk, in 
tho Indian <kcan; not coloured.-ScarWroll'.1.4 SfuMJ, thill eora.! 
.llOal i. engmved with a double row of C~, fomling a cin:le, lUI if 
tiu;-re"lll deep ... ater within the reef: el~ olltllide there wI.! no 
bottom, witb a 11llDdred fathoms; colourro bluo.-Tho _ off the 
"'cst coast of Pa!IlWali and the northern part of Domeo is IlrC .... ed 
with shoaL! : Slr(lllQItJ SlIool, ac«>rding to 1I 0nburgh, (vol. i i. 
p.431 ,)"i!·romled,Iil.~_lortbe!hQIIlshereabollts,orabeltor 

com-rocka, "ith a t-ill of deeper "'aler ... ithin: -Uaif-Noo,. SMJaJ 
hat allimilar IItruetllre; C.pt. D. Roa dlKribe. it, loll a DAlTO'" belt 
of ooral-roek." with a \.oasin of derp .... ter in tho_tre.~ and deep_ 
dote outllide.-Bomooy S!.ool.ppears (Uorsburgh. vo\. ii. p.432) 
"to bel a buin of .mooth w.ter rtulToumied by breakers." Th_ 
tll rcoshoals I haveco!uun..'tl L!ue.-The p(lra<jruuS/too/, aroof. 
cirouL-ufonn, with del'pgllp!J running through them; notooloured. 
_A bank,graduallythoalingwthedeptb of30r.thomt,u\.end,to 
.d;.u.neeorabout 20 milesrrom tho northern V-rtor lJonuJo.r.nd 
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to 30 milN from the norti,em part of Pala~Q". Ne.r the land thi, 
blink appNl'ltolenhlyfreafromdangeT, hut .liU\efurtber outit1a 
thickly studded .. ·itheora.1 .hoa.u, which do Dotgtntrally riee quite 
to·tho aurr.ce o IIOmoof them Ire verystccp to, and othclIIhave a 
friugeol.hoal-wa.tcr ronud them. 1 6hould have tbought that thCIMI 
.hoab illld le,·e\ 8urfacot. had it not been for tbe ,tawment made by 
HOl1lhurgh"tbat mOlltof' tho ehOll.Is hereaoout. arc funncd of .. belt 
of conl .~ Out, perhaps. tI~t e:s:rreesion .... moro particularly 
applitd to the d,ot.l. further in tbe offing. If th_ftoer.of coni 
have a lagoon-like atnlcture,they ahould h"'(1 been colourM blue, 
and they would h.,'o Conned In imperfed. loarricr in front of Pa\t".' ... n 
lind the north"nI part of Domco. But, as tl,o w.ter i. n'lt ,-cry 
deep, th.-.oreefilimlly l'll\'ogro .. ·o up from inC(lualitiCtlon tho bank : 
I h.~e not colullred them.-Tho COMb of CMn(l, Tonquin, and 
Ci/CM,....CAina, forming the w!'IItem bonndary of Ihe Cbina Sea, 
appea.r to be withol1~ n>ef.: with n-gartl to tbe 101"/) lut-mentioned 
~ J lpe;lk after u amining the chllrt.8 on a luge _Ie in the 
I.tlaeof tI,eYoyageofthe}'a,·ourite. 

INDI.I1< OC£.I,1< ,-&ulll KltliN9 atoll h .. been epecially dcseribed: 
nine miletnorth of it lie. North Keelillg, II. ,'cry Imanawll, !!Un 'eyed 
by the Deagle, the lAgoon of which is dry At low water.-CArulmal 
J,{/IIld, l,;ng to theeatt., i,ll. high i~bnd, without., IU I lune been in. 
fonned by a peraon w\,o I~ it, any n>efslt.ll,-C£ywS": • 'pace 
about eighty mil"" in length ofthe8.-we!!tern and IIOnthem eho"" 
of dIe. islands 10 .. i.Ieco dceeribed by Mr. T",ynl.m, (Nant. Mag. 
1836, pp. 365 .nd 518); parll of this apace I.pmr to be ,·tTy 
rtgubrly fringed by ooral-l't'Cr .. wlli<:b ex1cnd from ,; quarier to h.lf 
I. mile from the ,hol't', Th_ reef$ are in I,IION breached, and 
I.tr ... rdlllfc allehoragofor the.mal\tradin~ craft, Onl.!!idc, tlle~ 
gradually deepen.; there i, 40 fathoms about Ii" miles otr~llore: thi, 
part I h,"e oolourod~. J n the pnbli,hed c\,arta of Ceylon there 
appear to be fringillg reef! in ee~ral put. of the S.-<'N1cm ~holft, 
.. ,hid, I h.,'e abo oolourod w:I.-At Venloo. nay the !hore is like­
wiee rrin~. North of Trinoomalee thcro '"' ."" reef~ of the Arne 
kind. The Ilea 011" the northern part of Coylon i. uceedingly 
.10.110 ..... ; And therefore 11""8 not c:olourerl thereer~ which friuge 
)Mlrtiolllofit8si,oTCS,alldtheadjoillingiolct.s, NI",cllaslhe Iudi lln 
prolDontoryorN(1(/urll, 

CII,WO!!', MALOI"" Ind LAOOAD IYE AReIllPF.LAOOE8,-Th('@e 
thn:e grea.t group-' "'hich h,,'e already been often noticed, are now 
"'cll kllO"'1I from the admirable suney! or Capi. J\lor .... by.ndl.iclll. 
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Powell. The published charts, which are worthy of the most IItten. 
t;yeexamination, at ODee show that the C"ogofand Maldifo groups 
are entirely formed of great atol!$. or lagoon-formed reef", BU~­

mounted by iBlets. In the Laccadiu group, this structure islCfJll eVi­
dent; the islets are low, !lot uccedillg the usual h'light of cora.! fonna­
tion~, (ace Lieut. "'000', aCCo1111t, G~'(Igro.l'h. Jouro . vol. ,oj . p. 29) 
and most of the roor, are circular, a,may be seen in the publi9hed 
chart!!; and within several of them, :18 I am infonncd by Capt. 
,Moreaby, there i~ deepish wlIter; these thcrdore, have been coloured 
blue. DirectlYllorth,aud almost forming partofthu.grolll',thcre 
i8 1 long, narrow, slightlY-<:l1Twd bank,rbing out of tho depth. or 
the ocean, composed of sand, bhell", and d~ayed coral, with from 
23 to 30 fathom80n it. I have no doubt that it hIlS hadthOf!llml'l 
origin with the other Laeci,li'-ehank8; hut as it doe. not deepen 
towards the ccnhe, I ha"c not colou,.w. it. I might have referred 
to ether authoritiC!l regarding these throe Arehipelagoes; butaftcr 
tho publication of the cham by Capt. Mo~by, te whose penlOnal 
kindnCIJII in ghoing me much information I am exceedingly indcbtC!l, 
it wouldll3!\'ebeen superftueus. 

SaJ.ia d~ JI[~I"a hank C(m~ists ef a !\Cries of DllrroW banks, 
with from 8 to 16 fathems en thcm; they are arranged in a eemi~ 
cireular manner, reund a space ahout (orty lathems deep, which 
elopes en the S.E. qnarterto unfathemabledepths; theyarosteep 
to on hoth sidee, hilt more espooiallyon the oocan~side. Hene<) thi. 
bank e\08Cly resembles in 8tOlctUft', and 1 Illsy add from Capt. 
lIIeJ1!\!by',infermntion in compositien, the Piu'8l3ank in the Cha. 
gon group; and the Pitt', Bank, must, after what has been sllOwn 
ef th~ Great Chagol Bank, be considered as a !lInkell, half~dC!ltreyed 
atoll; hence coleured blue.-CarJadol Carajo. Bank. I I.i! lIOuthern 
portion cen8i~tse{ a Illrge, cur,·ed,coral·shoal, with some lowi.lets 
on itsca8tern edge, and likewise some en the WC!ltern 8idc, between 
... ·hieh there ia u depth orahout twcl .. efathems. Northwurd,agl"(':lt 
bank extends. I cannet (probably owing te the want ef perfec~ 
charts,) refer this reef and bank to any c1ass;-therefore uet 
ooleured.- / k th SaM~ is a li~tle i5laud, lying west er C. CarajOll, 
eulYllOmetoi!!Cllinhcight(VeYlIgflof thoFa\"ouritc,\"0I.i.p. 130;) 
it i9surroundcd by roefs; but its strncture is unintelligible to ml'. 
Thcre are some small banks north olit, efwhich lean findneclear 
ace<)unt.-Mauritiul. Thereer~ round thiliislandhavl'lbeendt'SCri_ 
bed in the chapter on fringing~reer8; celoured red.-Rodri!J!U!xo 
The cord-reefs here lite exceedingly extensi .. e; in ene part they 
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projed e,'en Ii. .. " mile. (rom the shore. .A. far &II I can make out, 
the", ia no deep-'I'I,1ermQ&t..-itbin them; lnd the _ out...ide 
doe. Dot deepen very .udd.mly. The outline, howe\'"e., of th., 
I:md appe&11 to be (Life of Sir J. lhkint.o@;h,'·ol. Ii. p. 165.) 
hiUy .nd mggeci. l am unablo to decide .. -hetherthete reer~belong 
to tho barrier_dUll, .. IK'tms prubable from their gn'llt I"l:ten~ion, or 
to the fringing-c!:J.!!s; ullco!oured.-BoNrlJon. The greo<wr part 
oflho.ho~orthitisland,arewilhoutrccfs; hllle'pl.Carmichaei 
( Hooker', Dot. Mi,c.),tatetl that II p.orliOIl, fifl«!n rnilC$ ill length, 
on the S. E. side,i! imperfectly fringed .. ith eoml-reefs: 1 have 
nOllhonght thi •• uflicielltto colour the i,lalld. 

SIlYCIIl;I,1.u.-'llle rocky island. of primary {orm.tion, compo!!ing 
thi, group, .ioe from .. very utcnai'-e and lolcnbly lo.·cI bauk, h:ning 
• depth bct"'e('D 20 and 40f.thom •. InC.pt.O ... en'lchart,and 
in Ibat in the ad .. of tbe Voyage of the FavouriU!, it apI-n th.t 
the e.ut .ido of MoAt and the adjoining i~[d. of SI. A nn" and C~ 
are rtgularly fringed by coral rorf~. A portion of the S. E. part of 
Curk_ l ,{d., the N., and part or Ihe S.W. ~horc of Prallin lIid., 
and the wholet weat Bide of lJi!lU41llu., Bl'llClIr frirlgro. }'rolll a illS. 
accoUlit of t],CII(l i~lalld~ by Capt. F. i\ [oreeby, ill the Admi.,.lty, it 
appcare thRt Silhou~lt" is also fringed ; heltatu that all thcee i~randB 
Ilroformcdofgraniteond'luartz,thattherri8llabruptlrtrom the sea, 
and that "conll·reefs have growll fOlind thelll,and projcetfor!lOmo 
dittallce. ~ Dr. All'ln of Forres, who vilited th_ hllind., inCann, 
me tbatthere ilnodecpwaU!rbctwll('lItbel"(leffllndthelhore. The 
abo,'e '1)C<:ilkd 110;11\.8 ha,·o been eolollred rro. Amirtmtu "law: 
The Imall i..J.a.llds of thit neighbourillg group, according to Ihe ?lIS. 
account of them by Capt. F. MOrellby, are .ililated 0 11 an uwn&iro 
b&nk; they oonai~t of the debris of oorab Bnd shells; areonlyabont 
20 fed ill heigl", and areenvi roned by reds, !I01"e attaehed to the 
.h()r(!,Rnd'(lInernthl'l"di_ianifrom it.-l ha"otak~"Ilgrcat paillsto 
procUI"O plRne and infonnation n-garding the levcml islandllying be­
tween S. E. and S. W. of the AmiranWs. RIIlI tho Soychel1ce; relying 
chleRy on Capt. F. MOr(!!!by, and Dr. Allall, it appca~ that the 
greater number, namcly_Plo:lll<', .Aip/iOIlH, Cllftici, G'altfJa, Pr()ci· 
dtnu, St. Pitrn, AsloM, A,_pIWN, alld Glorii>fo, are low, tonned 
or land or ooral-rock, aDd irregularly ehaped; they are eituated on 
"ery exlcnl;"e banks, and are oonlll:dro with great coral-reefs. 
Oalega i. Aid by Dr. Allan, to be rather higher than the other 
iel&n<b; and St. ricrre is described by Capt . .... .Momlby. as being 
ea"cmolls thr()ughollt, and as not oonailtillgor eitherlimeetoneor 
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granite. Theseisiandl,uwetlaalhoAmiranl.ell,certainlyarenotatoll. 
formed, nnd they differ III! a group {rom every other group with which 1 
11m acqnaiutcd; IhnenotC<l\ollredthcm; but probably the roc£s be­
long to the fringing cl:l.!lll. Their formntion ;$ attributed both by Dr. 
AllallandC.pt.f'.Moresby, to the action of thecurrents. IHlr(lC:J:­
ceedillgly "ioient, on hank!!, which 110 doubt have IHwan independent 
gtlOlogiclllorigin. They It'SCmhlo in mill1y respects !lOme Wands and 
bauka intho'West Indies, which owcthcir origin to a aimilar agency, in 
(:(Injunction v.ith an clcmtion of the entire area. In close \'icinityto 
thcse8llvcral isiands,thcffl Ill'O throe othe ... or an apparontly different 
nature; first, Juan d~ Now, w\licb appean from IIODle plane and ae­
countll to Le an atoll; but from othen doe!lnot appear to be!lO; not 
coloured. Secondly, Comwkdo; "thi, group coneists of. ring of c:oral, 
ten kaguea in circumferenoc,and quarterofa mile broa.d in IIOmepiaee&, 
iuclO$ing a magnific.mt lagoon, into which thero did not appear a 
singloopening"(Jlol1!burgh,wl.i. p. I !; I ); colol,redblue. Thirdly, 
Aldabra; it c:onsisL! of three islets, about 25 feet in hcight, with 
red clifT. (lIol1!burgh, vol. i. p. 1T6), lurrounding a ,·cry shallow 
hasin or 11Igooo. The Ilea i.;, profoundly doop elote to tha shore. 
Vicwing this island in a chart, it would be thought an atoll; 
bnt thc foregoillg description shows tb3.1 tbcre i, something different 
inil.ll natnTO; Dr. Allan aillO 8hWflthatitisClLverouus,andtlmtthfl 
eor.lI·rock ha.9 3.,·itrified appearanoo. hitannpheavedatoll,orthe 
crater ofa volcanol-nncoloured. 

COliORO GRoul' .-Ma,Ytlua, ae«lrding to llorsburgh (vol. i. p. 
216, ·HhOllit.), is complete1ysnrrouoded by a rcef, which runs at 
tloodi8tanee of throo,fuur,and in 80mI.' ))lare!1cven five miiee from 
the bnd; iu an old chart, pnhlishOl\ by Dalryml,le, a depth in many 
plaCUI of 36 and 38 fathom. is laid down within the ~f. Inthe 
&amechart, the space of open watcrwithintl,ereefinllOme part.sis 
eV/JII mom than three milee wide: tilC land is bold and peaked; 
th is i~ta.ud,thereforc, i.cneirded bya well·characterized b.1mer rcef, 
and i8 ooloured palo (,]nc.-JoAa,uw,- H onburgh llay! (vol. i. p. 
217), tl';8 ialand from tho N.W. to the S.W. point.. i8 bounded by a 
red, at tho diIJtanoe of two milCil from tho shore; in IIOmcp:lrts, 
howe,·cr, thereefmustbeattaehcd,lIincel,ient.&teter (Narr. "01. i. 
1'. 1( 1), dcscribee a p:usagethrollgh it. within which there is room 
only for a few ooats. I u height, lI!; I IUn informed by Dr. Allan, i8 
aoout3,500 fQet; it ill very precipitollil, Bnd illoomposed of granite, 
gnl('nstouc, andqllartz.; colouredbllle.-MoAi{{a; on theS.sideof 
thisislllnd there is anchouge, in from ao to U fathoms, betwcen a , 
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rl~r and the ~"orc (IIorsiJUrgh, vol. i . 1" 214) ; in Cal,t . OWCU'g 
ebart Qf MadagaSCllr, this blaud is represented as encircled; 
coloured blue.-G~ COIfIOrQ hill. is, lUI I am informed by Dr. 
Allan, about 8,000 feet high, and apJlarently "olcanic; it i.e Dot 
regularlyeucircled; but reefs ofnrious !hapel! and dimeusioIHI., jut 
out from e\"{~ry headland on the W'j 8., and S.I:':. COB.!tS, inside of 
whichrce£Sthcroarechannc~ortenparalIel"' itht"e~hore,withdeep 
wIlter. On the N.-wcst.cm coasts the rcef8 appear attached to the 
sllOres. T ho lund ncar the coast is iUlIOmepiaceshold, butgme­
rally apcnkingit is flat ; lIorsburgh $(IYs, (,-oJ. i. p. 21 ... ,) thcwatcr 
i8 profoundly deep cloeeto thu ,Mre, from ... Meh expTeS!!ion I prellume 
some parts arowithout reefs. );.'rom this d,'SCription, I apprehend 
the recf!J.elongs to tho barrier clailI; hut I h:r.'·e not colourro it, as 
most..,f Ihe charl!! which I han, &.'ell, rcpre~ut tho reds rouud it as 
ycrymuch IC8$ulensi,"ot!1l1ll rouudthcothcr i~land8 in thogrolLj). 

MAnAOASCA",.-l\!yinfolmation is chiefly deri\'ed from the pub­
lished charl!! by Capt. Dwell, and the aooouul!! givon by him and by 
Lieut. Boteler. Commencing at tho S.W . ('xtremity of the island; 
towards the northern pad of 1100 Star BOlik (in lat. 25° 8.) the 
coast tor ten mile!! is fringed by a reef; coloured «:d. 'J'heshore 
iIllHlediatelyS.otSI . ..tiuglUlin', Bayappcarsfringe<i; but Tullear 
JiariXmr, directly N. of it, is fQrmed by a llano,," rfffteu milee 
long, extcndiug parallcl to the SllQrC, wilh from tour to ten fathoml 
within it. If thisrrefllad beell morecxtellsive, it mllst. haveOOen 
elassedasabarticr.~r ;blltasthelilledcoastCallaillward8here, 

a SI,bmarinc bank perhaJl$ c.l<tcndsparallcl to thc~hor(', which has 
olf('red a foundation for the growth of the eoral; j h~,·elcftthi8part 
uncoloured. }'rom lal. 22° 16' IIJ 21°37\ the shore is fringed by 
coralreds(eee Li..,ut.llotclcr'sNarratiw,vol . ii.j,. 106),lesstlulon 
a mile in width, and with slmllow water within. There are outlying 
corol ehoal~ in Be'·eral parts Qf the offing, with o.bout ten fathoms 
bet .... een tl,em nud thc shore, and thodepthoC the sea one milo and 
a-half ~lIward, is lloout 30 fathoms. The part abo,'c spedfied is 
engra\"cdonaJargeIlCllJo; and 39 in tho charts on mthcrasmallcr 
IlC3.to thosamc friuge of rccf c.xtom!st18 far till lat. 33° 15'; I II/nil. 
coloured the .... ·10010 of thill part of the coast red. The islnndsof 
JU4r1 de Nota (in lat. 17° S.) IIppcar in thc chart!! 011 a largescale 
to be fringed, but 1 hal'e not boon able to ascertain whether the reer~ 
areQfcoral; uncoloured. The main-part of tJ,owestooastappenl1l 
to be low, with QutJying ~"lnd·ba"k" which l.ieut. DotelCJ' ("01. Ii. 
p. lOG) eayl', "arc fared on the edge of deep ,,·aterby D. lino of 
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,harp-pointed oornl-rocks.~ Newrthclcas I have net coloured thiil 
part, as I cannot make out by the charts that the coast itself i~ 
fringed. The headlands of Na,.rmda and Palf(lJtda~a Ea!!, (UO 40') 
and the i~bnds in front of Radtlma naroo .. " Ilr(l ropM!ented in the 
plans as regular!yfringed, and ha\'c accordingly been coloured roo. 
With respect to the biut CQalt 0/ MadafJtucar, Dr. Allan informe 
me ina letter, that the whole lincof COfl$t, from Tam(ftac~ in lijol2' 
to C. Amlwo at the extreme northern point of tho is!.1nd, i~ bordered 
by oornl-rt.ocfs. The land is low, unCI'ell, and II:TadullHy rising from 
the coast. From Capt. Owen', charts, also, the existence Ilf thC$(! 
reefs, which eyidcntlybclong to the fringing clnas, on some part&, 
namely, N. of Brituh Sound and near Nt/one!!, of the above line 
of coast might \':l.ve been inferred. Lieut. Dotder (vol. i. p. IS5) 
apeakiof "tho r<'CfSlLtrOIlUding the island of SI.Mary'.atasmall 
distnnoo from the shore," In a pr<l\'iou~chapt.::r I ha"e dOJSCribell, 
from the information of Dr. Aila.n, the mallner in which the re.,fs 
utend ill N.E.lincs from Iho headlands on thi~const, thuS80mclimes 
forming mther doop channels within them: this 900ms cau!l(:d by the 
action of the currents, and the rcefs spring up from thclJUbmarine 
prolongations of the sandy headlands. TILcabov8specifiedportion 
of the coast is coloured red. The remaining S.E. porticnsdo nat 
appcarin any published chart to possess rrefsof any kind; and the 
Uov. "T. Elli!!, whuac means of infunnation regarding this side of 
Madagascar ha~e been ex\.ensi,·c, info""t me ho belioves there aNI 

EAST COAST OP ApRiCA.-Proceeding from tho northern part, 
the CO:l.!lt appcal"!!, for a considerabio sp:we, withontroofs. ?fyinfor. 
mation, I may bere obiICI\"e, is derived from tho 8UI\'ey by Capt. 
Owen, together "ith ilis Narrative; and that by Lieut. BoMer. 
Atll!u/.xhalla(2°1'K.)thercillacoral_rcdexU:ndingfourorlh"e 
miles along the shore, (Owcn'~ NaT. vol. i. p. 357) which in the 
chartlies:l.tlhcdidancoofa quaTterofa mile from the shore, and 
has within it from six to ten footwawr: this then is a fringillg·rcef, 
amI iSC(lionred red .. From Juba a little S. of the equator, to LU/M() 

(in 2° 20' S.) "the coast and is1and~ are formed of madrepore" 
(Owen'sNarrati,·e,\'ol.i.p.363). The chart of this part (entitled 
Dunda, I,M,.) p~ts an extraordinary al'pmrnncc; the coast of 
the mo.inland is quite straight, and it is fronted o.t the a\"crage dis· 
tance uf two miles, by exceedingly narrow, straight islets, fringed 
withrcefa. Withintheehainorisletll,thereareexlenai\"etidaltlats 
and mnddy hay~, into whkh many rivel"9 cnu:r: the del)th uf these 
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8paoe1,·ariesfromoneLor ... u,fathoUl.1I-1helat1erd.-pthnotbcingcolU' 
mon, and about t,,·eh·c foctthea,-cmge. Ouqidcthcehainofi.Jet.s, 
thc.ea,atthcdistnnoooramil~.\'Rrie~in depth from cightto tiftem 
fathom., Lieut. Dot<'lcr(Nar. vol. i. p. 369)de&crilM:. the muddy 
1».y of Palla, "'hieh ~m. to "*"11lble otbo. p:uu of thie eo&!lt, .. 
fronted by email, narrow, leyel i:!1eta fonned of deo:omf>Olling coral, 
the margin or ,,-],ieJ, u..eldom of greater height tban twelve feet, 
o,crhanging the roo:ky IU"_ from which the isleta riet. Kno"'ing 
that the islet.!l are fonned or oonl, itia I think tcaroelyJ>OII!!iblcto 
"jew the coast" and not at COl'!(! condudo that we hero fICfJ /I 

fringing-racf, which 1"" beet. upraiwln fow f('()t: tho unusual depth 
of from two to four ("{I'OUlI withill i\Omc of theeo u.lt-U, is probably 
duo to muddy ri,'CI'1l h'H'iugpre,·cut.ed tho,) gro,,·th of coral !learlhe 
.hoTe. There i;J, however, one difficulty on til;, "iew, namely, thi 
beforetileclentiontookplace,,,'h;chcon"crtOOtht'rccf;ntoachain 
of i,leu, thll water must app&renlly h:l'"e been .till deeper; on the 
odlcr baud it may ho '\lI)I~ that the fonnation of a nearly perfect 
barricr in front of 10 argo Iln utcnt of coast, wl>uld ClllIllll tl,e cu'­
I"t'lltf(ospccially in Cront or the rh·crs.,) to declM'n thcirmuddy beds" 
"'hcndcseribing,inthochl\rleronfri"ging~f"'thoecoC.MauTitill. , 

IIHlvegivcll my reason, (er believing Ihat the ehoal spaOO8 within 
reeC, of this kind,must., in manyinst.'\n~ha,"ebeen deepened. 
lIo .... ever this may ho, all ICveml parl$ ofibi.line of coast are 
undoubtedly fringed by Ih'ing reef~ I have coloured it red.­
Mal«fld4 (3" 20'S.) 10 theplanoftheharbour,lhelOuthbeadJand 
appeart fringed; and in Owen',charton .. larger,_Ie,the~rl 
are teen to extend nearly thirty mile!! lIOuth"'ard; coloured red. 
iJfumlxu (,,0 5' 8.) The ieland which forms the harUour, "i. sur­
rounded by cliffs of madrepoN',capablo of being rt'IIdered almOllt 
impregnable," (Owen', Na •. vol. i. p. 412). Tho elH)11.l oBhe main 
land, N. [\lid s. or the harbour, is most regularly Cringed by I conl­
.-eer It I dimnce from half .. mile to one mile Ind I quarter from 
the land; ";thi,, the reerthe depth is from nine to filleeo Ceet ; 
outside the reef the dCllth It nihcr less than I,alr .. mileia thirty 
fathoml. From the charta it appears that a epaco about tllirty_eix 
milCJIin length, isl1crofriugcd; coloured red.-PttnOO{5° S.) is I" 
isld. ofooral formation, ie,·eI, ftudlloout200 feet in height (Owcn'. 
Nar. vol.i. p. 42S); it i13511lile8 IOllg, and i' lII!po.ratcd from the 
mlilllnnd by a deep Ilea. The outer coast i, ropreeentcd in ihe 
chan. all regularly fri"ged; coloured red. The main land in Cront 
of Pornb& is like'll'i!le rrin~; hot there alllO Ippear to be lOme 
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outlying 1Wf~ with dCoep water Ixltwecn them :lml the shore. I do 
not understand their structure, chher from thech~rtsorthedescrip­
tioo, therefore h~ve not coloured thcm.-Za,,;;wr resemble;J]'crnb,l. 
in mOi!lt respecl$; its 80uthcm half on the western !ideand the 
neighbouring islcUl IIrtl fring.!'d; coloured red. On the main land,a 
little S, of Zanzibar, there are !IOmD bank~ par311d to the ctla8t, 
which I should havc1houghthadbcen formed of coral, had it not been 
said (Boteler's NaT. vol. ii. p. 39) that they were e<lmpoaed of sand; 
110t ooloured.-Latham', Ban/.; is a small island, fringed by coral­
reef$; but being only ten feet high, it hM not bc<:n wloured.­
IIforifua is an island of the IIame cha ... ::u;ter as Pcmba:: its outer ~hore 
is fringoo, and its !IOlIthcrn extremity is connected with Keel,,",," 
Point on tLa main land by a chain of islands fringe<l by reefs; 
coloured red. The four lm.t-mentioned iJ!1an,b resemble in many 
tC9PCCts wme of tbe islands in the ned Sea, whkh will pr!)S('ntly be 
dQ8Cribed.-K/!eZrca. In a plan ofthl) shore, II $pn.<:eof 20 mileeN. 
lind S. of this pille(! i$ fringed by roef~ allparently of cora!: these 
roefsareproiongW8till further lIOuth"'ardill Owell'sgenernl chart. 
The COOlIt in the plans of the ri"eN Lind!! and MongMID (9° 59' and 
10° 7' S.) has the 8I'Ime structure; coloured rod. _ QUM'imba 
flland,(from 10"40'to 13°S.) A chart ona large scale is gil'ell 
of theeo i$land~: they are low, and of cornl formation (Botelcr'8 
NtH. "Vol. ii. p. 54); and generally have cxtellsi"" reefs projecting 
from them, which lUI) dry at low water, lIod which on the oubide 
riij) abruptly from a deep sea: on their insides they are ecparated 
from the continent by a cbaooci, or rathcr a 8uCC<'9Sion ofbay~, with 
ao&"Vcragedeplhof ten fathoms. The Bma1l111'"lldbnw.onthecon­
tincnt also have coral-banks attached. to them; and the Q"erimba 
islands and banks are placcdon the IinC!l of prolongation or these 
hcadland~ and nro ecpnrated from them by "cry 8hallo .... channeb. 
It is evident that whtevcrcall!!C, whellu'r thcdriftillg of sediment 
or $ubtcrnlncan movements, produced the hcadlands,like .. iscpro­
dnce<l, IU might have bc<:n expected, submarine prolongations to 
t],em; alldthCIICto..-atdstheirontcroxtrcmitie&,hal·eainceafforded 
a favourablo basis for the growt]' of cOla I-reefs, nlld!JUOsequently tor 
the formation ofisleb. As these reefs clearly belong to the fringillg4 
c11LS!!,tho Q\lcrimba i.lands have been coloured red.-Monllbila 
(13032'S.) In the plnn of this],arbollt, the headland$oul.side:l.re 
fringed by reefs apparenlly of coral; coloured red.-MozamUqtl~ 
(150 S.) The outer part oft],e island on which the city i$ buat, and 
the neighbollring iab.nds, liTe fringed by coral-ree&; coloured red. 
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}'rom the descriptiQIl gh'cn in O .... ('-u·~ Na •. (vul, i. p. 162) \he 
lIhore from Mozambiqu.e to DtlafjfJa Bay appears to be low ami 
IN\ndy: manyol thll .hoals and u.lct.s off thi.JiIlCof coast are of 
coral rormation; but from their small ail:(! and lownC88,it i,not 
ro-ib1t, from the charl3., to know whether theyaro truly fringed. 
HI:'PocthiIJportiono(eoaatia \efl.uncoloured, as are likc .. -i90 thOlM! 
pan. more Dorth'll'llni, of ... hieh no mention !au been m.de in tint 
ro~oing pa~ from the want of inrannalian. 

PER~IIAS GULP.-From the charts lawly publiahed on a brgo 
ecale by tho East Indian Company, it appears that "'\"era! partlt, 
e!lpeci~lly tho southern .ho~or this gulf, lim fringed by coral·reer~; 
but R8 the water ;$ very shallow, lind all there ar<l numerous lNIod. 
banka, which are difficult to distingui$h on the cha.rt from reefs, I 
lu,,"enot colourOO the upper p:nt red. To,,·.rd~tho mouth, ho .. ·• 
effr, where the .... ter is rather deeper, the hlandJ of OrmN~ .nd 
Larracl.·, appear MI regulllrly fringed, tbat I hll\'eeolonred them red. 
There .re certainly no It.wU. in tho P(Ttian Gulf. Tho Ihores of 
l mlll<1um. and of the promontory formins the lOuthern headland of 
tho PCr1i~n Gulf, BCeOl to bo witluJut reef~. '11e wholo S. W . part 
(exoopt one or two 8mall patehCl!) of .dmbi<1 Frlix, lind the !hores 
of Soo;tm Ilppe.tr from tho charu and memoir of ClIpt. H aine. 
(Geograph. lonro., 1839, p. 125,) to be ... ithollt any red~. I be-­
lie .. etherearenoexten"hecorlll·reef~ on any part of the eoouta of 
btdia, except on the low luomontory of NtH/lira ( .. already men· 
tioned)in front of Ceylon. 

Ih:n SEA.-My information is chicHy derived from the iUlmirable 
charts published by tho EllIIt I ndian Company in 1836, from per· 
IOnal communication with Capt. iIIoll.'!!hy, enc of the 81ll'·CyOn. and 
from the eJ:cellent memoi r, ".iber die Nmtur del COl1lllen·Biinken 
dee Uothen Me.-res, ~ by Eh"'llberg. The plailll immediately bor­
dering the Ued &r.a. _m chiefly to consist of II. lledimcntary Cornu.­
tionor the ne ... er tertiary period. The shore it, ... iththeexet'J'tion 
of . fe ... puUI, fringed by cora1-reef~. T he .... i.er is generally pro· 
foundlydeepcioaei.othelhore;blltthi!facl,whiehhuattroetedthe 
Jlttentionof mO!!t '·O)'lIgen., iJe'emstohal'o no nOOC88Dryeonucction 
with tho progence of recf8; for Capt. MOf'Cjlby pnrticularly obsef\"oo 
tomo.,that, in lat. 2"°10' on thoetlstern side, there is B, pi_of 
coast, with Vl'ry decp waterc10ee to it, withoutanyree&, but no' 
differing in other retpeeI.8 from thensnal nltureof Ihe ooast-line. 
The mOIl!; remarkable feature in tite Red Sea i. tho chain of !ub­
mergM banb, reru.. Inti Uilands, lying IIOme wly rrom Iho "hore., 
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chioflyQIl the I'IlStern aide; tloe apace withinkiusdecpCll(lugll to 
admit a "",fe ua."igation in small VCII8eI3. l'h"banks are generally 
of au 0""\ fO}!"m, aud some milCil in width; but $(>"'(1 of them are 
,·cry long in proportion to their width. Capt. Moresby informs me 
that anyone, who had not made actual plnn~ of them, would be opt 
to think that they were much more e10ugated than they rcally nro. 
Many of them rise to the 8uTtne!', but tho groate. numoor lie from 
5 to 30 fathoms beneath it, with irregular 8O\lmlin~ on them. 
They eousi~t of und aud li"ing coral; coral on mQSt of them, accord­
ing to Capt. Moresby, co,·crillg the greater part of their surface. 
'l'heyc:rwlld IlaraUcl to the shore, ami theyaro not uufrequently 
oonuected in their middle parts by sllOrttrans'·crse bank! with the 
Illill" land. The !Ie:" i~ gcncrolly Ilrofoumlly dc.::p quite clO!!e to 
them, ns it i.I! ncar mo;;t parts of the coa.st of thcma.illiand; but 
thie is not Illlivcrsally tho ca..e, for betwc.::n Int. l5"and 170 the 
water deepens quite gradually from tho bauks, both on the eastern 
snd wC$tern shores., townrds the middle of the sen. hlands in mnny 
pnrts afise from these ballks; they are low, flat-topped, andcou~ist 
of tho same llOrizontnlly 8tratifled formation with that f(lnning the 
I,\ain-like mnrgin (If the main bnd. Some of the smaller and I(lwer 
island~ I)Qnsist of mere und. Capt. Uorcsby informs me, that 
small masses of rock, tho rem1l3ut8 of i~1auds, are left on mnny 
banks where there is nOw no dry land. Ehrenberg also aQerb that 
lll06t of tho islets, e"cn th .. low\'$l, ha.-ea flat ahrndcd basis, com­
posed of the snmo tertiary formation: he believes that all soon lUI 
the BUrf weal'S dowll thepr(ltuberant parillof a bank, just beneath 
thelcl'e! of the sea, the IJUrface kcomes protected from further 
abrMiou by tho growth of coral, alld he thus aCC(lunts for the exist­
enCO of so many banKs atandiugon a 10\'01 \lith tho surface of this 
~a, It appenn thntmOlitof thoisbnd8areccrtainlydecrcasingin 

Tbe fonn of the banks and i.lands is most singular in the part just 
referred to, namely, from lat. 1,$" to 17 Q

, wl,eret11cseadcc~ns quite 
gradun\ly:thoDh(Jlacgrcup,onthewCSltcrncoa.st,i89I1rroundedbyan 
illtricate archipelago of islets andahw.ll; themainislaud is veryino­
gularly shaped, and it includes a bay !!Oven mile/! long, by four actOllll, 
in which no bottom wu found with 252 fe«: there is only one entrance 
into this bay, haifa milo wide, and with nnislnl1d infrout of it. The 
lIubmcrgcdhanksonthecasterncoasl,withinthe$ll.mclatitudea,round 
Farfan bid., are, likewise, penetrated by many narrow orellh..,f deep 
water; one ie twelve mile&loDg, in the form of a hatchet, in which, 
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elO)t('l toi/.i bro:l.dul'llCre,,,I,soundinga .... ·ere not , truck .... ·itl. 
360 feel, lind iu cntl'll.noo i. only half a milo wide: in IIlIothercroek 
of tho eam(l nllture, but even "ithamuro irregnlaroutline, there wu 
nu oottol1l with .80 foot. Tho island of Farsan, i!.telf, hall U 

~illgular a form all any of its aUlTouudiug lJank!. The bottom of the 
IC:l round tho Dha1ac and Fart:Ul b1and5 oongiru chicHy of !land and 
agglutin.ated fl'll.gments, hut, in the deep and ruurowerocks, it con­
aiau of mud; the i8landa thetlLocl\"(~, oonl'i8t of thi", horizontally 
.trati6ed, m'){lern tertiary bells, conb.iningbut littlo brokeneol'll.l;· 
their 5horel arofringcd by liviugeotal-recfi. 

Io'rom tho account gin' lI by Riippell t of the manner in w1lieh 
Dh.lac has bco!lI relit by fi. ures, the oppoeite tridea of ,,·hieh h:n-e 
beellulICqu:dlycler.ated, (in one in8tanoo to the.monnt of Mfeet,) 
it IIIlCmsj)robable thllt itt irrcgularfonn, /Ill .,.·elllllll)robablyth.toC 
Farsau, may havebco!n I,artiyeansed by unequ.l elevation.; hnt, 
considering the genen.1 (vrm of the banks, and of the dl'CP'""'ater 
creeks, together ,,·ith the compn'lition of Iheland, I thinktheiroon_ 
figuration i, more prolJably due in great part to .trong cnrrents 
llll\"ingdriftedeedimentovcranunc"enbottom; it i!aim08tcert.ain 
th8ttheir forl1l cannothcMtributed to the growth of c:oraL What­
e~er may ha~e heell the prccite origin of the Dhalllc and Far><an 
arcliipl'1agoe., thcgreaterl1l1lni.oero(thcba'lbootheesatero aide 
of the Red Sea 8reln to ha~e originated through nearly llimiiar 
means. I jnd~ofthi. from their li111ila rityin configlll'11tioD,(in 
proof of which [ may ill~tance • bank on tho c:m cout in lat. 22"; 
n!thol1gh it il tmc that the northern bank. generally ha,'c a IeM com­
plicated olltline,) and fcom their timilarity in oompoeition, as may 
bcobeen-e<lintheiruJ)l'lI.ieedportioD5. Thedepth"'·ithinthebanb 
northward of lat. 17", i, usually grellter. and their outer $idea 
,hel,'c more a.bruptly(eircl1m~tflllOO8 which 8Ct'1Il to go together) than 
il, the DhaJ:u: and }'arsan archipclagoea; Gut thill might _ily h:avo 
been CIlU900 by a difference in the action oftheeurrentsduringthcir 
fOMnation: moreover, thc greater quantity of liviug coral, which, 
accordiug to Capt. MOlC$by, eri~t:I on tho northern bank .. would 
tend togi"et!,cm stecpermnrgills. 

From thia JlCC(Iunt., brief and imperfoot as it is, .... c can _ that the 
great chain orb.,nks on the taStcm ooa.ot, and ootl,e westem tridein 
the lIIOuthem portion, ditTer greatly from tme barri~r-rtoefs .... ·holly 
fonned by tho growth of ooraL It is indrod thedirectcondW!ion of 
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EhrrnlM'rg, (VlM'r die, &c. "I)' 45 Ilnd !jl,) lI'l\~ 1I1('Y arecQ.mec:teI\ 

;llthciruT;ginqu;tc~mbrily .... itht.hcgr()\\'tllorooral;andh!l 
remark! that tho i81nnds QIf tho cOII!lt of Nor .... ay, if won, down IC"eI 
with tho r;ca, and merely coated with liviug coml, '/I'ould preecnt a 
nearly Rimila. appctuance. I unnot., "o'll-o,'er, ... oid !USllooting. 
from inf"mlation gi"cn me by Dr. ?tIalcolmtoll and ('apt. Moreeby, 
that Ehrm1ll"rg h .. rather under-rated the iIlHut'DOO of corals, in 
"me l'~ at II"&lt, on tho fonnation of tho wrtiary deposits of tho 
ned Sc-a. 

Tlltl Wt.j ('00.11 0/ til, RM 8M ~tl£_ {(II. 19° awl 22°._There 
are, in thieapaC(', ree£~ "hieh, if J h~d known Ilothingof thoeoin 
othorpllrtsoftheRed.Sea, I !houlduuhClitatinglylu)"oconaidcrOO 
Ail barricr-red~; and, II.fwr deliberation, I hne como to the 8&8'10 
oollchuion. Oue of theeo red .. in 20° )5', iI ("-enty milmlollg, IeIII 
Ihan a mile in widtb,(but upanding at tbe nortlicmend into a diu.) 
.lightly .inuon., and eztending parallel to the main-lam!. at tbe dit­
tanOOQtfife milN from it., wilh n·rydetp water within; iuonetpOt 
lIOundinga wcro 1I0t obtained wiu. 205 fatbom... Some leaguC8. 
further tontll, thero i.e .nother lin('ll.r reel, "cry narrow, ten milOl 
long, with uthcrsmalll)Qrtion.ofroef,northnndllOnth,almOlitcon-
1l~~tOO with it; and within thie line of rocfs (118 "'ell U oni.l!ide) the 
"nter is profoundly deep. TIlere al'(l alto lOme mlaU linear and 
,iddo-fonncd IWfl, lying a lillie way out at _. All th_ roers alii 
co'·ered. u I am wformed ily Capt. l'l1OJ\l1by, by li"wg corab. 
J Jere, tbm, "'e have all the dlaracien or r«>fa of the barrier cia.; 
an<i in IIOmeoutlying r«>£awohafo an approach to the struetureor 
atoU •. TI"3l1Ourooofmydoubunboutlhoelaaificationofthete 
r('Cr., nri_ from hnving obscned in tho Dhalac nud Fanall groups 
the lIarrownet!ll and Itrnightll('M of I!(lvernl spit.. of lI:lUd and rook: 
one of th<'f!l! .pill iu tl~ Dh.l.o groupi.neariyfifireumileslollg, 
only 1'11'0 broad, and it i. bordered on each.ide with deep water; to 
that., it "'om do .. 'n hy Iholun,and _ted with living ooral., it 
"'ould form a reef nearly similar to tho. "'ithin the .PftCO under 
con_ille .. tion. There io, a!1IO, in this spaoo (lat. 21°) " peninsulA, 
bordere\\ by cliff", wilh ii.l! edremity worn down to tho level of the 
ICn,nuu ii.l!b:vii.fringoowithroefs;inlho Jiuoo!proiongatiollof 
Ihi. IMminsuJa. IhNe liet the ilIl:r.nd of Marowa, (rormoo, according to 
Capt, Moreshy, of tho II~UIlI tertiary depoeit,) a.nu tome ftlllalicr 
i.bud., latge parta of ... hich iike,,'i!lO appear toha,'e been worn 
down, and are now _ted ... ith living oornlt. If tho remo"a! of the 
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.rata in l!,C!IIO te"era] CMeI ].ad been more comllicte, lh~ reefs tilla 
formed woulJ have ollU']y l'IlIeIIlblcd 1.10"", barrier-like on"" DOW 

urnlerdi~on. Not .... ithttandingtho.ofact.e.I ea.nnotpel'SU.ade 
mylClf that tI,O mllny very small, ito]ated, and ,iek]o-fotmed reefs 
and others, long, nearly Itraigl.t, and very narrow, with thc wllter 
unrathom~bly doop dOAe round them, could poesibly Im,·c J.M::,;on 

formod by e(lJ1lls mcrely ooating banks of lICdinwnt, or the abraded 
~urfacCII of irregularly ehllped islllnds. I feel compelled to belicvc 
thM thololludationsofthe!lOreefsbllYOlublided,andthllt the corals, 
duringthoir IIpwmrd growth, hllvegivcD to thcee !'Celt tlleirprescnl. 
fonnl: I may remark that the subsidcnOll of narrow and irregu1arly­
!hapOO penill8ul:u aud islands, such III th_ uuting on the eoasU of 
tho Red Sea, ~'ould afford the requimtoloundations for tho reefs in 
question. 

TII4..,., rJlGdjrom 101.22" to 24°:_thi. part of tl.e eoa.sf, 

(nonh of the spaoo coloured blne on tho mllp) i.e fronted by an 
irregularly .hdving bank, from about 10 to 30 fatholns deep ; 
nnmcron. little reefs, 80me of which havo tho moet !lingula! shapes, 
rite from thil b:l11k. I t mlly be observed, ~pooting one of them, 
in lat. 23" 10', timt if the promontory i'l lilt. 240 wcre worn down 
to the 10Yei of tho aea., aud coatOO. with coml., a veryeimilar and 
groteequely fonned reef"'ould be produced. AlIInyof theree£S on 
thil pan of Iho c:out may 11 .. 1.9 hafO origin~ted; but there are llODle 
.iel.le, and almOit atoll-fonned reefl lying in deep w.itt off tho 
promontory in lat. 24°, which lead me to IUPpolO that all th_ 
reefs are more probably .med to tho barrier or atoll elD~. I hne 
not, hO~'o'or, veotured to colour thi' portion of 00&II1. - 011 1M Yal 

rocut jP'l)m ku. 19" to I r, (touth of tho tpaOO coloured blue on the 
mal',) thent are many low islets of "ery lIIl1all dim('llfliona., not much 
dongatod, and rising out of great depths Ai." di~IMCIl from tl.e coasI.: 
theeoeBILuot beelasacd citilerwith lltolb,or lmrrier, or fringing_rccfs. 
1 may hero remark that tho outlying reef~ on tho w(16t coast, betwoon 
IlltitudCII 11)" lIud 24", aro tho only onlll in tho Red & 11, which ap­
proach in ,tructure to the truo atoU. of the Iudian and P acific 
Ocean.: bnt thoy prcecnt only impcrl't-ct minitlum likenC98ell of 
them. 

Emkrn toIUl ;-1 havo felt tbe grcateat doubt about colouring 
any portion of thi. 00I8i, north of tho fringigg_recf. round IhoFat$\D 
islandt ill I~ 10'. There are many lIIl1aJl outlying coral-roefs s10ng 
the whole line ofcout; bnt as the gteal.er numbcr riJe from banks 

" 
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not I'cry deeply !ubmcrgtld, (the formation of wl.ieh h~! been showll 
to be onlY9CCOndarilyoonnected with the growth of eornl,) their 
origin ma.y be dnc simply to the growth of knoU~ of <:()rnl~ from an 
irrcgul~r foundation situa.ted within a limited depth. But between 
lat. 180 and 20°, tl.cre are 110 maDY linear, elliptic and extremely 
small reefs, rising abmptlyout of profonnd depths, that thesamo 
rea.son~ which led me to colour bille a portion of the west wast, 
h3VO induced mo to do tho f!3llle in tl,is part. There exist somo 
emalloutlying~fs risiugfrom deep water, north of lat. 20°, (tho 
northem limit coloureJ. blue,) outheea.stooast; but ruI they are not 
very numerou8,and sc:ueelyany of them lITO linear, J h3\'e tllGught 
it right to lea.\·o them uncoloured. 

In tholO"t/urll JlartJof the Red Se:l, considernblespaCCIIof tim 
main land, and of IIOme of tho Dha!3c i~13nds, 3m skirted by reef~, 
which, as I am informcd by Capt .. Mon:<;by, are of living coral, and 
ha,·o 311 the d'M3Cters of the fringiug class. Aa in the8C lati­
tudes., there are no outlying linear or sickle-formed reef~ rising out 
ofuufatl.omablo depths, Jhan)colourcdtheao~ofthocOMt 
red. Ou simi!argrnunds. I hal'ecoloured red tho nortAeNlJlUTI$oj 
IMlCu leNICOO#f,{northof lat. 240 aO',) a.nd likowiso tho shor<lli! of 
the chief part of the GulfojS!U::. In the Guljoj Acaba, as I am 
informed by Capt. Moresby, there are no cornl-red8, aud the water 
is profollndlydoop. 

WF.$T I:mn:.s.-My iuformation rt'garding the reefs of th is area. is 
derind from 1·a.rio06 IIOUret!8, and from an ellOamination of numerous 
cham: especially of th08(l latclyCllOooutcd during thelJUrl'oy under 
Capt. OWeD, R.N. I lie under particular obligation to Capt. Bird 
Allen, R.N., one of the members of the late suney, fo r many pcr­
!IOnal commuuication. Oil thi$ Bubjoot. As in tho caee of the Red 
Sea, it i.e neeeesary to make !lOme preliminary remark! on the sub­
merged b:mh of the " . est Judies, whicl. are ill &orne degree counooted 
with coral-reefs, and C3u!!OCcoWliderabledoubtllin theirdassi6cation. 
That large aooumulations of tj(l(] imcnt arc in progress on the 'Yes~ 
Judinn ehorl'll,will be e\'ident to any Oll(lwho euminCil the chnrt8 
of that sea. cspedally of tho portion northof alinejoinillgYucutnn 
and Florida. Thearf'8ofdeposition 8CCmsless illtimatcly connooted 
witl. thedcbouchement of the great ri\'crs, tban with tho course of the 
SC:H:uITtuu: tlIJ iM evident from theva.st ellOtensionoftho bank~ from 
the promoutories ofYucutan and Mosquito. 

llesidoa the coast-banks, there are mauy of "arious dimensions 
'I\'hich stand quite isolated; these clO!!ely resemble each other; they 
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lie from 2013 to 20 or 30r.tholDB under wawr, and ~rocomJ>Olle'l 
U( Band, IOmelimeil firmly agglutinated, with little or no coral; their 
IUrf:aca ani llIlooth and nearly !e."e), aheh"ing only to the amount of 
.. few fathomt, n~ry gradually an roun(\ towards their edges, where 
tlley plunge abruptly into tho u!lr~thomablo eea. Tili. 8WeI) in. 
clinlltionoftileiraidea,whichi3likewilMlchal'lu:tuietioo(tloQ(lOIUt­
banu, is nT)' remarkable: I may gi.o, &lIao instance, the lUisteriOO'a 
Bank, on the edges or ,,·hich the lOundiDgschan~in2!iO£athoml 
horUont.1 di8tanoo, from II to 210 fMham.; oft' tho nanhe", IX'int 
of the batik of Old Providenoo, in 200 fllthoma horiwnt.&! distance, 
Ihe change i. (rom 19 1.0 152 fatbom.; oft' the Great Daharna &nk, 
in H10 f.tbom. horizontal dbitanoc., tho iodin.tw" i, in many lllacet 
from 10 r.thonll to no ooU(IIn with 190 fathoms. On coasts in .11 
Jlattl of tha world, where ..aimeDt i, accumulating, IWmetbiug of 
this kind may be ob!letl'cd; the balik, Ilrc1ve very gently fur out to 
.ea, and thell ienninal.e abruptly. Tho form and wlUpoeition of tho 
banD atanding in Ibo middle p&rlA oC W. Indian -. clearly abow 
that tbei, origin must be chicfty attributed to tbe accumulation of 
lledimcnt; and tbe only obvioll8 cxplaoatioo ofthcir i90latedposition 
;,tbopl'OllenCtlofanucleul,roundwhichthecurrenl!lha\'owllected 
fine drift. matter. Anyone who will oomp,uo the chamctcr of tho 
bank IU!TOunding tbo hilly i"la.nd oC Old Proyidcoce, ...-itb.tho. 
baoksinit.lncighbourhood .. -hichltandi90Iat.ed,wi1lllC&roelydoubt 
thatlboy lurrollndBulllncrged mountains, "'0 aro led 10 theume 
conclusion by examining tho bank called Thundcr Kuoll, which iI 
eeparat.ed from the great MOfqllilo bank by a channel only BOYCn 
milC:\l wide, and lU fAtholNldeep. TIrerocannotbeanydoubtthat 
the MDiquito hank haa been formed by the lLCCumulatioD of sediment 
ronnd the promontory of the same name; and Thunder Knoll 
JellCmblt'ltheliDllqnitoballk, in tho &tnio of its lurlnt:o 8ubmerged 
20 fathom .. ill tho inclination 01 ita aides, inCOml)(lllition, and in 
c,-ery other re.pect. I mayobeervo, although the n:!mark is he." 
irrelCVllnt, that geologi6talhould be cautioUll in ooocllldiog that all 
tlHloutlycnoCanyformationha,-conoobccnoorJUl'Ctedtogetlrcr,rol 
wo hero IlOO that dcpoeits, dOllbtlCM of exactly the I!tune nature, may 
be depoeited with large ,-alley-like ellAoet ~twecn tlrem. 

Linear Itrir- of coral· reef. and small knolls project. from many lit 
theisolated,uwelluooall1.-bank!; .. mdimcstbcY(lOCurquiiflirl"l'8u_ 
brlyplaocd,D.llonthc.'IDiquitobauk, butmorogrncrallythey(orm 
cresocnta on the windwanl side, 8ilunu:d !lOmo littlo di.iJmce within 
the outer ("(Ig~ of tire !)ankl:-llrlla on tho Scrmnilia bank they 
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Conn an interrupted chain which ranges between two and tl,retI 
milCli within the windward margin: generally they occur, as on 
ltoDca.dor, Courtown and Auegada banks, ncarer tho line of deeP'" 
water. Their occurrence on the windward side is conformllble to 
thegenernlrulc,of titoeflicicnt killda ofoora.ls flourishing bc8twhere 
mOllte:rpoeed; hut their JIO'Iition IOmc wILy within the Iilloofdcep 
watcr I cannot explain, without it be, that II depth somewhat 1C1!8 
thanthatclosotothoouterruarginofthoi.oanks,isliiOBtfavQurablo 
to their growth. "'hero tho corals have formed a U{~arly contilluOU8 
rim, c\0!iC to the windward edgtl of a Lank SOllie fathomllubmerged, 
the reef closclyrescmblCli an atoll; but if the banI< surrounds an 
island (lUI ill the cue of Old Providence)' the reef roocmhlC!l an 
encircling b.urier-roef. I allOuld undoubtedly IHwe da.ssed !lOme of 
thC80friogedbDllbuimperroctatolls,orbarricr .• ccr .. iftheaedimen. 
tarynatUleof their foundation. had not been evident from the pre­
llICuee of other neighbouring banks, of similar form! :lnd of Bimilllr 
compOllition, but without the crescent-like marginal nxf! in tI'e 
third chapter, I obsen-cd that probably IIOme awll-like reefs did 
cx.ist,which had originated in the manner hereaupposed. 

])roof~ of elevation within recent tertiary period! abound, D1J 

referred to in the six.th chapter, oTcrncarly tho w-holearca of the 
·Wl'IIt ludie!!. IIence it is easy to understand the origin of the low 
land on tho cout8, ...... hcre &cdimcul i8 now accumulating; for instance, 
onthonorthcmpartofYucutan,andontheN.E.pnrtof.Moequito. 
where t]'e hnd is low, and whcre e%tcnsive banks appcar to be in 
l)rogrcesi,·o formation. Hence, 1100, tl,o origin of the gffat Bahama 
bauo. which IIro bordcred on their we!!tcm and southern edgetl by 
very narrow, long, singularly-shaped Wands, formed of BlInd, weill 
and cornl-rock, and IIOme of tllcm about a hundred feet in height, is 
easily explained by thccle,'ation of banks friuged on their windward 
(wcetem and southern) side!! by coral-men.. On this view, hewo,·cr, 
we.nustsuppose eitl'cr that tho chiefpnrt of the surfaces of tile 
great Bahama BlInd_banks wcre aU originally deeply iubmerged, anti 
were brought up to thcir j're!!Cnt lal'clbythesamacievateryaction, 
which formed the linear isiJJ.nds; or that during thoelavatien of tile 
banks, the ~uperficial currents and (well of the wanl!! continned. 
wearing thcm down and keeping them at a Dearly uniform levd : 
the IeI'd is not quite uniform; for, in procooding from tho N.'V, end 
of the Bahama group towards the S.E. entl, thtl depth of the banks 
increase&, and iho arca of land decreases, in a ,"cry grndualand 
remarkable lUanner. Tho latk-r vicw, namely, that these bankB ha,'a 
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IHlen worn down by ~ho CURCnts a!H1 Iwell during their elevation, 
,leCmli.omothoIllOllt !,rolmbl"OIlC. itii,a*" l loclic,·c,applicable 
to many baub, IJitultOO in widely di.(.a"t partt of the WOIt Indiall 
-. which are wholly submerged; fvr, on any other \';ow, "0 llIu.l 
BUPIKI8e. tlut ihe elevatoryforeet llavoactcd ,,";tll utoniihinguni. 
fomlity. 

'l'heahoroof tho Gulf of Mexico, for:l ipac:oofmany hundred 
mi1ce.iafor"ed bra chain or Ia.goo".,fromonototwcnty milcsin 
breadth, (Columbian Navigator, I), 178, &e.) C(lnwlling either fr~h 
01" aU water, and IellUllted from tho _ 1.y iiuc&r .trip. of And. 
Oreat spa~ of the .bores of *luthem Dr:lZil,· and of the Uoited 
Staia froru Long bland (&8 obeer'fed by Profc.or Hogen) to 
Florid.1, have tho MUlO d •• meter. l'rofOllllOf Uogen, in hie RCl>Orl 
tothollritiah A.-ooiation, (voJ. iii. ,). 13,) BpoculatCB on tho origin 
oftheeelow, eandy,liMar isleta: henn.1.e8 th .. t tho I .. ycn of which 
they arecolupoecd aro too homogeneou" lludcoutain toobrge a pro­
portion of IIbcl~ to penuit the common eUPJ'O'Oition of tbeir fommtion 
being ,imply due to mlltter thrown "I', .... here it now lie., by the 
tnrf: hecolIsldcrt thcee i.mnds .. upheayed bars or ahoal4,vdlicb 
wcrodcposited in li"ct whero oPIHJoeed ClLlrelltllltlct. ItiHevident 
thatthfllOl!islalldaaud'piuof..audpamllelwthocoa&t.andlCpnratod 
from it by eballowla.gooll8, havo 110 ul.'OeIII!lry conncetioll with ~r:ll­
formations. Dllt ill lIOutbem .Florida, from tho lICCOulIll I halO 
l1l()(!;vod ftom 1)I\ftOIRwho h&'l'o roaided Ihert',thc IIprailcd isla.lld. 
teCln to be formed of alratn. containing II good deal of coral, and they 
arc extensively friuged Ly living reef.; the ch!lnncb within ti,,*, 
~1.nd$aroinlOmcplooctbetweelltwoll"dthrocllliIOlwidc,!lndfiyc 

or Iii: bthomedeep, tbough generallyttbey are I .. in depth and 
width. Aner having teeIl how frequently banb of ilediment in tho 
Wert. hdian S. are rringad by reef"., wo can readily comei .. c (hilt 
bart of sediment might be greatly aided in their ronnstiOIl aloug II 
Iino of coa"ri., by the growth of comb; alld Buch baJ'8 wonld, in lI,at 
c:IIIU,ha .. cadoccptivcrellelllblalloowithtruebarricr_rocr .. 

lining now e>lda.,·oured to l'('1Il01'1l1Ome touTlX'S of doubt in 

• I" u... Loto ........ d E<linbt>rp Plt.l'-rhlcal J ..... rnaI, 1111, p. Z!>;, I bl~_ 
detcribed_oiDl"iI.b..oI.."duo ... 11inSpualloltotheeoutIlIl'I'OfD&rlltN.co 
InU ..... il .... hichpl'Obtblyi •• ".no.I""'u.fornuuion. 

t In tbe onli,,1J')' 19_d,&rto, no IOfOOn. "1'1_' on the <:OIftof no.ida, north 
of 26"; but Mojo. WI"ti"S<Sillimln·. Jou.nol. vol. un. I>. 54} "1" that ml n1 
.reformedbJ .... d tloro .... apalon, th\l .. hol. lin.ol cout from St. Aap.liot'. 
toJ_piferlol.t. 
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classifying tho IOOf~ of the We!!t I ndil'll, I will gi,'e my autlu>riti«l 
for colouring such portioos of OOllSt as I 11""-0 thought myself 
warranted in doing. Capt. Bird Allen informs me, tl11\t most of 
the is!alld~ on the Ba"ut/UI BUIlh are friuged, C!!peciallyon tllcir 
wind"'D.rdeidf.'S,withlivingroefs;andheDC(l I hD.\'/!colouredth~, 
which are thus ,""prescuted in Capt. Owen'8 late chart, red. The 
Bamo officer illforma me, that the i.letIJ along tho southern part or 
Florida a.re aimibrly fringed; coloured rtod.-CUDA: proe<:eding 
along the Tl l}rthem cout, at the distall~'C of forty miles frolll the 
edrome S.E. point, the ahores arc fringed by reefs, which extend 
westward for a ap:u:e of IGO miles, with only a fow loreaks. Parts 
of these reer~ aro repro8Cnted in the plans of the haroouuon this 
coast by Capt. Owen; and au excellent description i.e gi"cn of them 
by Mr. Taylor, (Loudon'a Mag. of Nat. llist. vol. ix. p. 4..J.:J); he 
8tate& that thcy tonclQllCaspaeeca.llcd the 'ba.ro,· from half to three 
quart(,rsof a mi le in width,with as.1ndy bottom, andalittlocoral. 
I n most parts people c.1nwooc,at low watcr, to the reef; but in 
!lOme parts tho depth is Letw~n two aud three f.1thom~. ClO!lC out­
side the reef, the depth is between six and seven fathoms: thCEle 
wcll-charactcri7>ed fringing reefs ar(l coloured red.-'V Clitward of 
long. 77°30', on tho northern sido of Cuba, a g ... at bank COlll­

menees, which extends along tho wast for ncarly four degrees of 
longitude. In the placo ofils oommenccmcnt, in its structnre, and 
in tho" ro!l"~ or low island~ on its ooge, there is a umri.:t'<l COlTC!l­

pondmoo (as observed by Humboldt, Pers. Nan. "01. vii. p. 88) 
between it and tho Groat Bahama and Sal bauki!, which lie diredly 
ill front. Ilelloo one is led to altribute tho 8Ilme origin to both theso 
seta of banks; namely, the D.<Xumubtion of sedimcnt, conjoined with 
an c1C\"atory moycment, and the growth of coral on their onter 
edges : those parts which appear fringed by lhoing reds are coloured 
red.-"rcstwardofthcsebanks,thcrci.'Japortionofcolllltapparcntly 
withontreefil,clt\lCJ.tin tho harbour.!, the shotc8 of whicb ~m in 
the publi,hed plans to be fringed.-The C()/orado Shoall, (1!o.'C Capt. 
Owen's cluJ.rts,) aud the low laud at the welltem end of Cuba, cor­
respond :wdo/lely in relatil'opositionnndstructuretothebanu at 
thc extreme point of :I"loridn,as thebankll abo\O~ dcecribed 011 the 
northside ofOuba, do to the Bahama!. 'llJe dcpth within the isleta 
and ree& on the (luter edge of the Colorrukw, i.;. generally between two 
and throo fathoms, inc"'a!ing to twelvc fathoms in the 80uthem 
part, .... herethelmnkbeeolnesnearlyopen,withontiBlet3orcornl_ 
ree~;thcporii"nswhichafCfriuSedarecolouredred . .....:.Thesoulbern 
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ah"reof Cuba i. detply concave, and the included &pac:c! ill filled up 
with mILd and And lmuk~ low i~lands, and oornl-reef,. llet,,'een 
tbe mouotainou! hl~ 0/ Pinu lIud the lIOuthcru 81oQ1'(l of Cuba, til" 
general depth i~ onlybcl.wccu t .... o and three Cathom.; and in thit 
part, 110:1.11 Wand .. formed of rnr.gml'ot:lry rocks ami broken mad",," 
1)()~(lIumboldt,l'crs.Narr. "01. vii. pp. 51, 8G to 90, 291, 309, 
;120,) rige :r.bruptly, and jusl T('1l~h tho surfnwof tho.ea .. From 
tome e:a"prt'Slliona uBed ill the Columbi:l.ll Navigator, (vol. i. pt. ii. 
p. II .,) it appe:t.n that con.i.do;rablc ~J- along tho outer 00&II1 of 
lIOuthem Cub3. are bounded by dill's of coral-rock, ("rmra probably 
by tbo upllca,-al of corlll-rcd~ alld >loIlnd ballk!. Tho cb:uis rnpreecut 
the lIOuthcm p;&rt or tho hlo of Piu('8 as fringed by reef", which the 
Columb. Navig. DylUt.end tome .... ,..1 from the eoqt, but have only 
from ninetoho'c\ve r.-etWD.tcfonthcm: the.earecolonredred.-·I 
!la.,·e not been ablo to procure Rllydetnilcd description of the la'l:l' 
group of oonk! and "C3y8~ furthcr castwnrd 011 tho lOuthI'm side of 
Cuba; within them thero ~ a large upa.,*, witb a muddy boUOIII, 
from eight to t'll-cil-o f:athoma deer: although lOme pan.. on th~ line 
or COR8tMl'!reprceentc'!iin thegcncrnl chll.rttof theWC!lt Indie.,a, 
fringt'\I,I 1". .. elloi.thong-htitllrude'lttocolonrthclII. ThereUlllining 
porti'>noflhetontl,oo:ultofCuba allllC':ll'llooowilholltooraJ-rref .. 

y ... CtlTA.. .... -The N.E. part of the promontory ap~1'I, in .c'pt. 
Owen'. ehart.tJ to be fringed; coloured red. Tho ca.ot.ern COllet, 
from ZOo to 18°il fringt-"tI. South of 13t. 18°, tl,cte oommcnC()ll 
thCIll08i.rcma.lr.llble rf)Cfin the WCilit JudiCII: it ~abont1301l\i1t'11 
in leugth, rauging in a N. and S. line, at an • ...:~nge distance of 
15miksfrom tho coast. 111eiblct.!lou it are all 10"" lIS 1 I,a\"o 
been infonuro by Capt. D. Allen; the water dcc('Cl\a luddculy on 
theouUide the reef, but not more Ilbn'pilythan tllf lUany of the 
....dimentary banb: v."ilhin ita toutbem utremity (olf DOFldll.rtU) 
the depth ill 25 bthollll; but iu the more northern parts, tI'e 
depthlOOndccret\1!eII to 10 fathoms, IIntlwilhin tbollorthcrnlllOfit 
part. for a apace of ZOmilct, the deptb i&only ( " )0, one to how 

fathoml. In mOlt of theaenlllpecl8v.eha."e the chllractermidl orll. 
barrier reef; nC\"crthel.... from ob!(or"ins:, first, th.i. the dwuld 
within the reef i~ II continuation of II great irrrgulllr bay, which 
ptlnctrntcsthemainlllndlothcdcpth of 50 milcs; 1.",ileCOndly, that 
con,iderablesJl6c:.ofthi.~rricr-liko ~(lIredeeeribed in tho 
charit (for instllllC(', in lilt. IG"'4S'and 16° 12') .. fom,ooofpnre 
IWld; and thirJly, frolll kno"'ing thllt tedimcntilaceumulating in 
UlIlDY1,artsoflheWCIot I lldidlin Uaukaparalldtothcsboro; J 
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1I.,'ooot "cntured to eolollr this reefu • barri~r, without fllltll('r 
ovidcllee wat it hM rtallybeen fonned by thogro ... ,th ofe<;>1"llh, and 
that it i! not merely in partl! a IIpit of 8:llld, and in other PIlr" • 
wom_dowopromontory, JlUtially ooatl'd and fringed byreefs;Iiean, 
ho ... ·o,·cr, to tho prot.bilityoC ita being a bt.nicr-reef, producOO by 
sut.iden<:l'. To .dd to my double., immodiately 00 tho ouLiide of thi, 
barrier-like roe£, Tu~fff, L~AtMr-, and Gb)~ reef~ am situated, 
and thlJleree&havOlMlcorupletelythefonnoratoll .. lhatirthcyhad 
occnrred in tbo Pacific, J .hould oo\lIa"(I hesitated about colouring 
them hlue. Turniff' Rtt'j 8eCm8 a.lmO!lt entirtly fillro up with low 
mud ~lcl.8; aodtho dCllth within tl.e other two reer~i!onlyfrom one 
to tim.'U fatboms. From thia ciroumstauce, and from their similarity 
in fonn, fitn.ctUNl, and rc1&I;'·o poaition, both to tho bank called 
l\'(Jrtkrn TrioN!lfa on which there i. all i,id, botv."«n 70 and 80 
foot, and to Co::umel 1.w.d, the IO"el .urfaoo of ... ·hic~ is lib­
witebotween 70 and 80 foel in height, I conaider it more I).oo.blo 
thatthothrt'O(oregoingban""lIrethe",1)m.do"'n~ofup­
hea\"ed shoals, fringtd with corals, than that they are true awlls, 
wholly produced by tho growlb of coral during fu!),jidcnco; left. 
uncoloured. 

In front of thocutcmMlWJuitoooast, then)nroiletwccniat.12° 
amI160 MlPleexteN;'·obank .. (alreadymentioned,I). 19j)"ith high 
islandt rising from their cent.rel; and there aro olher banb wholly 
lubmerged, both of ",hicil kindtof bank. aro bordrml, ncar their 
windward margi"" by eretoenl.-thaped coral-~r.. Dut it can 
hardly be doubted, u wuobaerved in tbeprcliminary retn:.ukt. that 
tlu. banh owe their origin, like the great bank utending from the 
l'IIoeqnii.o promontory, 1I1100lt entirely to tbe occumuilltion of tedi· 
IlIl'11t, IUId not to the growth of corals; hence] havo uot coloured 
them. 

CQynta" "loAd .. tbiB island appears in the cham to be fringal; 
and Capt. n. Allm inform. lOCI th.a.t reel's extend about a mile from 
tho .Bore, and have only from 5 to 12 reet water within them; 
ooIourcd red.-Ja>llll'kG: judging (rom the ebam., about 15 miles 
or the S.E. eXlremity, nnd nbout twice Ihllt length on the S. W. u­
tremity, and somo portions on tho S. Bide lIear Killgeton aud I'ort 
Uoyal, are regularly fringed, lind therefore aro coloured red. .From 
Wo IllnU!ofsomo hllrboUl'lonthe N.lrideot Jamai.::a.partsofthe 
-.tallpeartobe friDged; hututhelo aro notrqlre!ll"llted intlw. 
cham of tho ... ·h"le i.w.d, I llave not ooIonred them.-St. 1)0-

min!!,,: 1 ha .. enut been able 'ooloi.ain 5IIffidcnt intoruJ,,!iull,either 
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fl'OlUpJ..nlof the Ioarbou .... orflOm~nenrJcha.rt.., toftlablelllflW 
colour any part of tho (l(ICI.It, eJl:ccpt GO milce from Port de Plata 
wcst"'ard, which IIOOml very regularly fringed: many other parte. 
Ilowover, of tho 00IISt aro prolNlbly fringed, C8]>Ccilllly towarw. th\l 
eutcrn end of the islalld.-PW'l"~ Rioo' considerable portions of 
the lIOuthem, welltcm, and eastern CllalIU, and !lOme pam of tho 
northern coui, appear in tl'8 charta to be fringed; 'c-Ioured red. 
Soma milea in length of the lIOuthern aide of the 1a1aDd or St. 
T..\Qm(u it fringed; mOlt of the VirgiN. Gorda ttland., as I am in­
fonnoo by Mr. Schomburgk, are fringed; the ,hol't!Ot of A~, lie 

WOUIU the baok 011 whieh it ,tand", are likowilM) fringed; theeo 
islands IIl1veileencolounl(lred. The gTCl'terpnrt of the lIOuthem 
.ido of Santa erN.: app!1In in the Danish lun'ey to be fringed 
(_ -.Ito Prof. HOlvey', KeOunt of thill island, in Silliman', Journal, 
'1'01. J:Xxv. p. H.); the reef. eJ:tend along ehore for II. col1$idcrahle 
'pace, lod proje<:t rnlhe-rmorfl than. mile; the tlepth within tho 
reef it dnee fatboms; eo&oured red.-The ,d.ntil/e., as remarked by 
Yon Buel. (o-rip. i !('t Canariot, p. 49-1.,) may be di .. ided into 
two linear group!!, tho ,,'lII!Ilern row being volc&nic, Anti the eastern 
of mooem C:dcal'OOlU origin; my informAtion is V(lry ddectiro on tho 
wholo group- or tho east.crn ialanlb, Barblfda anti tho western coa.!Ila 

or A.lti9ua and Mario<JaIt1"'" appear to he fringed: thia is abp tl,c 
ea.o "'ith Barbudou, as I have been informed by a lWiden!; thcee 
i~land. are c:oloured red. On tho .bom! of the western Antilles, of 
vole.uieorigin, n~.ryfow c:ora1·recrs appeo..to uist. TI.oialandof 
,lIl1rtill.iqou.o(whieh th(lrfl are bcautifu1ly.cJu)cuk'tlFrcnch charta. 
on • \"I.'.y Iarge ~e, alODO preeentli any appearance .. -ortily of 
apeei,l notice. The lIOuth-"'eslern, !I(luthcrn, and eadem coo.ata, 
togetll<!r forming Ilbou' half the circumference of tllO island, Ilre 
Ikirtod by very irregular bank., projecting generally rather !CIIII 
I"!II • milo from the ilhore, and lying from two to fivo fathom, 
lubmeTgtd. In front of almoet every valley, they Ire breached by 
11&rI'OW, crooked, 1tecr--idOO pasea.gea. The Frcach engincen ... 
certllined by boring, that 1m. lubmergN banb ronsiatOO of madro­
)lOrilie rock., which were oovered. in mD.1ly V-rta by thin byen of 
mud or aand. 'J.'rom thd fact, and especially from tho strncture 
or the nllrrowbreach~, I think there can bo littlo doubt that thesc 
hank' onoo formed livillg fC('f", which rriligOO the aho~ of th!! 
idaud, Ind like other rod, probably I'CIIClled the lunace. .From IIOmo 
or thcee .ubmerged bank, reefa of li\-ing coral ri8G abrupUy, either 
iu amaJl ddached lJ&tch .. ~ or in 1_ pualkl to, hut Mlmo "-;ly 
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within, the ouieT tdgs nf tlUI bankl on .. ·Meh they are baaed. 
Tleeidcstheal>o\·obanb .. ·llieh8kirttholho~oftheisb.nd,there 
i8 on thecll8tenJ lido n rnnge of lioearhankStlilllilarlyronstitutl....t, 
20 milcs in length, extending parallel 10 the coast·lir.e, andlllCpa­
rated from it by a lpaee betw~n two and four mile1l in width. and 
fromliv\'l tofifleen fathomtin depth. From this",o&eofdetachtd 
hanlr.StllOmelinear ~fllor living eorallilr.c1fil8ril8ahruptly; and 
if tlley bad been or greater length (for they do not front more than 
a.ixthpartoftl,eciteumfcteuoeofthei.Jand,) lhey wouldnccell­
.rilyfrom theirpotitionhlll"ebeenooloured .. barrier-recfs; 8.ilho 
ellSJO ~t.a.ods, they are left uncoloured. I IU8pe<lt that after a smail 
amount of subsidencc, the conr.l$ were killed by sand and mud 
beiogdepDllited on them, lind therecfsbeing thuSI)I·c,·cnted ftom 
gro .. ·ing upwardt, the hank. of madreporitic roclr. were left in their 
preEnt submerged condilion. 

TilE: BERlICD.I hu"wlI ha,'o been elrcfully deKribed by Lieut. 
Nelinn, in aD excellent memoir in the Goo!. TransactioDll (vol. v. 
parti.p.103.) Inthoformoftbebankor~r,onone8ideofwhich 
thoitlaniliJatand.thereiancloee~ncraltceCmblancetoanatoll;but 

in the following I't"!'pe<llll there is 11. considerable di/fcrencc,-first. in 
tho margin of tho rt"Cfnot forming (1l81 have been infonned by Mr. 
Chaffers, R. N.,) a flat, IIOlid aurrae<>, laid. hare at low water, and 
f'("gularly bounding the internal 6pace of thallow water or lagoon; 
KCOndly, in the border of gnduallyshoaling ,,·ater, n('&l"ly a mile and 
a half in wldth,whieh , um::1UnwtheentireOllwdoofthorcd"(u il 
lai(1 do,,-o in Capt. Hnrd', chart); and thirdly, in the size, height, 
aud extn.ordinary form of the islandB,whicl, preecnt little TCIIC"'· 
blanec to tho long, narrow, eimplo islet.. eeldol11 exceeding half a 
milo in brcudth, wl,ic!. 8Unl101Ulttheanllularrecr~oralmOllt all the 
atolls in the Indian and Pacific Oceans. :MorCOl"cr, thereareel"idcnt 
proof~ (Nebon. ibid. p. 118), tilat i.Jllud. similar to tho existiug 
Ollef, fonnerly extended o,·er other JIlIrU of the reef. It ,,·ould, I 
helieve, be difficult to find a true atoll "ith land exoeeding 30 feet-in 
hei,bl; 1fhereu, :Mr. N~bon estimalet the highest point of the 
Iknnuda. uland. to be 2110 fed; if, I,o .. ·over, lIIr. Neleon's vie1f, 
that tho wholo or the !D.nd oon!risu of $ll.ud drified by tho winds, aDd 
ngglutinllted together, were proved eorroct, this ditT~rence wOllld be 
immaterial; but,rfQmhisowllaccollllt.(p.J18),lhcrcoceurilloll(l 
plaee, fil"(l or six layer1 of red CIlrlI" iutenltratificd with thooroinaty 
enlc::u-oousrock,and including stone& toobca,'y for tho wind tohavo 
100\'00, .. ilhout I,a\·ing at the !!arno time uturly dispersed o,·ery 
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gmin or the a«ompanying drifted matter. 1I1r. Nclaon flUributc:!l 
the origin or d,_ IICvcrullaye .... with thei r embedded stOIIes, to aa 
lDany violentcatattropIH:'t; but rurth('f invelltigation in such ca!lCII 

haa generally luceceded in tli:l,\aining phenomena or thia kind by 
ordinary and aimpler means. :Finally, I lDay reDluk, that the-. 
islands have a coD!idcrable Jelembbn~ in ahape to Barbuda in the 
West Indiaa, and to Pcroba on th, ~ tOUt or Arrie&, which 
latter ialand ia about 200 (oot in hciJ!ht, andoonmtsor coral-n,x,k. 
I believe tlmi. the Dermuda lalanda, from being rringed by livin;:: 
mer., ought to hav, betn colourW. rW.; but I hne ten them nn­
coloured, on lCCOuntor lheirgeuerai roeembllDC(! in e:ztemal form to 
.Iagoon-i~land or atoll. 

lin 



i n IhearlY(II.rtoftLlI.'olllmc, fur Adm. LlltU ..... d LulU. 
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