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New global seamount census from altimetry-derived gravity data
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SUMMARY

Recent tevisions to the satellite-derived vertical graviey gradiemt (VoOr dats reveal more
detail of the ocean bottom and have allowed us fo develop a non=linear izversion method to
defect searuomis i VGO data, We approsimate VOO anodasalies over sesmmimis as sus
of individual, partially overtapping, elliptical polyrcminl fusctions, which alkews us to form
1 men-liwear iiverse protdemn by fittmg the polbynooizl oesdel 1o the observations, Model
parmneters & a potential semnonnit mchele geogmphical Incation, peak VG amphiade,
i o and aineor axes of the clliptecal base, and the azineath of the major axis. The non-lisea
omversion i very senmitrve to the imhal valves for the lembion and amplitude; bence, they are
consiraimed by the centre nnd mnpliude of the wppenmost cootours ehtained with o 1-Ebtvés
comout miereal, Wit ihede initial conditienns from confourmg, we Stecule a sep-wise and
filly antomated nrverion end obtam optinml meede] sstimintes for potentisl seamomits; these
ave statiatically enhoated for sigmificance vang the Akaike Infeaustion Criterion nad F tests,
A legarithmic bamier techmique 15 applied to ensure posiivity of all szamomt amplimdes.
After stoinatic i manwal apectiors of the mode] parsaneters we ectimate acnal haighrs
and Basal ellipees of the ispected potential seamounts directly from the predicted bathymetry
grid. In this study. we find globally 24 543 potential sepmeimte (h = 0.1 km) that ars located
away fromn contmental margins: 3258 poeutinl seamounts. are taller dem 1 ko Although
o global estineate is sigmificantiy lower than predictions fom previous sdies, a fivst-order
reconcibistion of the size-frequency statistics obtained from those stndizs reveals that the
previols colils are svatemaically overestimated. Because of te ambiguity of gravity signals
due to small semmonnts of i < | ko and the overlap with abwszal kills, we estimate the global
seamount censzs 1o be in the 40 000-55 000 range, The seamount datn from this stody are
accessibie froam hitpe www soest hava i e dy P T/SMTS,

Keywaords: Tverse theory; Gravity anomalies and Earth seruetare; Geomorphology; Subma-
rine tectodnics and voleanisns,
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1 INTRODUCTION

Tiesagrite comaidorable poat-TWald War 1T svestinimts n ocesm gl
mbion (2. g Chandier & Wessel 2008), vast aress of the oczan fleor
[E.z. -9k per cetd ab | mitne resoiurion {Beckes ¢ af. 000 a1 70
i oent at 5 mbnate sesolulbon {Wessel & Chadla 3011)] remals
unchasted 1w setsce ships. Given codt estvates of - 10" USD
T a connjelets i with higheresolution mu -bem shiptoed
misasinements [ Vog & Mg 2000, 8 global coverage of the Eatli's
undervater Inndsoope at -1 m resoluton seoms highly wmlikely
for the faresseable fobare. Yob, at the more modest msohstion of
—=E-10 kit &0 dtemistive spgooach to snadying fhe ccemn bothom
5 svmlable: sea-amface beiglf measnesnents So orbiiisg satal-
s record spatinl chaiyges i the giavitabional Geld metly cmesd

*Mowr ot SEES, Seou] Mabonal University, S84 Giommangnn, CGoarmalk-m
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ber the density contrast bebween water and baflnmetric featres. A
global gravtimarric sew of the seaflocr, thos, becomae aceessdlh
thrcigh eatellise-derived grandiy dats (Heaghe of of 19583 Sandwmall
& Smich 1997 Andereen & Enudsen 1998; Saadwell & Smith 200%;
Argdersen of ol J010). This wearing pravity anomsly ata sef has
prere i vedfoem s dense dita coveiage over all oceans and has
enabied e sy chars to fuvestigate bhoth revnote batlywmedre Safires
UrxpRredly posangoing expeditions (e Lazawics k Sciwauk
1982, Cozenave o ol E983; Witk & Ribe 1984 Mamumericks
1992 MoAdoo & Bhirks 1992 Small & Saadwell 1993) as well
ns bge-seale deep-seated geopbywzal phanoanens (o g, Haxby &
Webisel 1086, MoAdoo & Sadwell 1589: Mehimt 1598),
Traditionally. seaqont e hnve been defined 2 isolated, extinet or
active vmdervater voleanoes rlsmg more than 1 ko abeve the -
mmmiding seaflocs (denard 19643, diven mpid advanes i marine
teclmobogies, this b gt Lot has boen adjusted bo soelude volesic
cotslmacts with beighis & low & S0-100 m (22 Sinih £ Ca
1790 Beho e ol 2004, ‘Wheter small or bage, seamemus play
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mngodtant soles dn & diverse sage of naural plesonena. For B
aaies, sy can pode se obatacles to submmrine navigation (e g
BBC 1004 md aflect flie propagation of fsumomi wines (eg.
Mofjeld & ol 2004) Sesmomis koo snscin diversfied nuare
babitmis (e.g. Pitcher & @, 2007; Clak o af, 20100 and even o=
thecice the global cosmn crewntion {o.g. Gille of ail 2004}, haxy
ol seauoimle s covaved LY neapacsss ool @ poleniial mi-
eral fesmee that oie day ey becaine seomninizal fo harvest (e g
Friedrich & SchmiteWischowskd 1950; Grigg =t al 1%87). Finally,
the pecgraplrcal and sre-frequency dstrbutiows of seamowmts ane
reqired fo shady the eolution of underaater woloamism thaoaeh
B aiud Sposse {eos Wessel 2000 Cobsequeantly 4t 44 of grea lm-
s 1o locsts aul clafactiize st gobaily

Becanss of differcpess in data ssts aod wosibodology, weany =
searchers heve armived at different gobal assessments of scamoumis
(Crag & Samderell 10EE; Wese] 2001 Kitchimgman & Lai 2004:
Hillier & Wahs 2007 Costellnat af, 20400, Reviews ofthess meth-
inils dapd e unceriainties of e difecend approaches amd estinules
beave bty paesented by other resesrclers (Calnsnt & Baildry 1996,
Wessel of ol 20100, Given the uniform coverags of satellite albime-
try;, such remcte-senring data fraditionally heve been used fo 2ssess
the global sesmenn pogubaticn. Howeves, e mosi-cied snlies

telbed on enly versions of the GessatERS grids (v, 7.2) that are
tor alinest 15 vears obd (Waeessl 8 Lycme 1507, Waesel 20007,
Futhermare, the methadology developed in the previous shadies
Leed 3 Henated sedrch of morpbological sTrlmes by could be o
rracted foao e dara. n s peaper, e will o e recendly released
altimetry-based gravity datn and presenta new noo-linessr ioverston
el for senmerml dutection, discuss (e devalopomaal sl lioni-
tatioms af e methad, preeat & evsed glolal ssamomt censs. mnd
finally compame o new estinmies with those of presios stodies,

I METHODOLOGY

The vertical grocity pradient [GG) gnd = the geopotenbal dobs
sl devived fom e altimsery neasnramens uabnge @ sopbe al-
pebras compamtion that requares neither splerienl harooass nor
Fantrter toasafemmi (Sandaedl & Seatls 1907 Beewise 1750 angli-
fies etort-uavelength signals {mch ax ohserved over s=amounts and
frwcTure paes]) and sieppeesses ong-wavebsnpth ek (g thase
assacinted with fexure and hofspot saells), the VGG grid becomes
proie suitatle tham the free-atr gravity (EAA) grid for flnding small
femiuges such nsseauruits (e.g Wesel & Lyows 1997, Fig. 15hiows
toat grmaty anemalizs crver oo small ssamounts (4 ko apart and

120 ' ' '
a ) Gravity Gradient
w 307 degth (d)
s 2 km :
i 401 -3 km i
—4 K
o
20 —
b) Gravity depth (d)
| 2 km
E - 3 Km
E 4 km
0o
i i i L
c) Bathymetry
2
a

=3k =20

L] 20 40

Distance (km)

Figure 1. Loobifon of Dgoksaplic segarntion Dok grevily over cioe by spacad suall semno®s. T |- Gall 5 eessonmes 1l die 4 5w e sid oo udesesd
fee varmble depthe While fe pavity avonle ovor the srinsoints beeoiie iseliataiet when the soproial depds enceeds o oz of seasounts, te vesacal

gravaty gadient anmenalies sty separable. Mpdiied from Wessel e &l (20000
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I b tall) decay whem the regemal depth tnoresses. while il VGG
eigieals ave separsbie for the tao ¢ lesely lecated sesmoumnts, Tnsdd-
Hom. recent reprocessang of Geosat and ERS-1 altmetry dah with
A slgogane wave o retrackinnge method has feaproved sipnifieanty
boily aecurncy and rescluthon of the data (Sapdwe]l & St 20035,
2, which shoubd sizmificamtly inmprove oar chaoces of fmding
s pprd semnounls. especislly lese taler e 1 ki, Tle G,
we have utilized the 1-tnin Mefcator VOG0 enid (verson 16.1 at
hittp:/fogrex nesd edu’) 1o rexssess the global s2ammennt distribution
(Gandwell & Smith 2005,

The coordinate system of the VG gnd i not conventicmm] be-
catlee i was perboriged oo equidiinensiongd splseate il hdes-
esior map prajecticn domatn (Sadwall & Spth §997), in whid:
ths groid c=ll dmensioas are | memimse {widibh) by | mominwe
times the cosme of Iatitude (beight). As nresult, the umnber of grid
cells per 1 are degres increases with labbude, resultng in more data
(i s sowvareds the poles, 16 ome simply prajects this grid to the com-
v eograpliice] coorlinse syskem, M osioi] dala poinls ool
e averaped for & cell with 1-mmin Ty -t dauemmion. This peocess
dilates the original resolution of the grid, prefereatinlly ot gher
L=titides. Thus, o preserve the full resalwtion af the VOO grid, we
performed s dits peacesing sl ao-liness frersion directly i
ths hercabar domadn and only projected o fim] esthmmtes tack o
gesgraphicnl oo dinates.

2.1 YOG potendal sesmoants

High=resclution shiphaard baiipineric mapping of seamougs bas
reveabed avmbtipleeity of morphobapeal forne, siging froom sinple
cirguilar, mancated cones fo complicated sellae shapes (2.2, Batiza
e Vanko 15688, Rappaporter al. 1597 hitchei] 2001 ). Wile Lares
seampomis (i = 1 kan)) are often rechaped by the developmoent of ift
zomes and flank colispses that resalr 41 complen volesmbe adifices
(g, CHb v Mintobon sssenombs of tee Exvier o Ssanemnt Chati,
Smaot 1952), saall (k <= 1 ko) and intermediate (8 = & < 3 k=)
searmammis tend to have smghs voleanic cemtres and display subcion-
lar strochires (2. Tamant Seamoomt Chisin semith of the Clipgerton
Travaforn, Forme efal 1988 | Minchell (2001 ) foend ) the o
slikon frovn clreulir o siellyte e of ssanoml eecurs gradunlky
cver i 2—4 bun edifice heiplt range, witl the test transition estbmae
of 3 ki hedght. Prostous global seam o stadios consiasently dhow
thint tlse ity (=53 per ceanth of detested seamousits e sonlle
thim 5 km beiph (Wesss] 2001; Hillier & Waks 2007, Wessel or ol
2M0) Thas, we &ssme that @ “wdeal” voleabe adifice 5 s a-
Hipticad tenseated coim and sibedpass st setaatis basad o this
mide| will be néequate for mest of the seamounits detected by o
stadty, excapt foriarge seamounts with stellate fomm, Conseaquamtly,
ns o of fhe Inrge senmeomt s Tve been mmpped athymetrcatly,
we purposefubly bims our modelling bo be optimized far defecting
and paransenrizing te small atd intermsediste samounts, which ape
e mrnencls em the kerpe seameanmls

Girarity ncamalies over senrnouants ohssrved ot the sea sarfnes aps
il anoother ten bailnmetry beemass (e sivglinides of the gren-
ity anemalies are atiemiabed sxponentially with incrensing depth o
the seafloos, 2nd s stteation preferentially’ atfects shortes wave-
lenprbe { Elakeiy ] 9065, Bvad ifthe valeanss odiflos e a parfecis o,
the gravity mxumaly takss au 2 sncot=r (a8, Gousbin=like) shaps
due tothe otteruabon. We mke advantnge of this “upmemrd conbinur-
tHom' pheronenm when searching for seamemats o the gravity dets
bhecmase pCimssan shape can be exyressed anabet mally and is easy
ro mamigtate in Dotk spaial md spectal doemabns. For exaniple,
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Figure X Polynomual seaaeomt inoded (o) The vertcal grmvaty padicat
(150 signal (hlack solid Bne) dne oo smcated come shoew 1 (B =
approoommted by the pohmomaial (red hne) and Ganssaan (black dotted Linep
eogrmn o (ededs (%) Trimepted cone with the dews ore mudel (Fim &
Wamzel 20101 The dencties of sd¥ice (6g) core (0, ], penpheml (003 and
ek (] mre 25HH0, SR, 2300 and 290 kg ', rempeineely

Wessel & Lyons (1957) employed a circular Gaussian shape to ap-
promimate grayity moo lies ceased by semmnounts. o this approach
lrerevgvar; the disinnes to the firt zero crorsing {i.e, the rodina o
reameemt hase} wis assmmed o equal the 3 ringe that accoots for
abonf 987 per cent af the avea under the Gmestan Hndion (e
the cimve never reaches Term) In contiast, we will wtibze 2 ellig-
tical pebymomial mmedel, & which is similar te the Ganssian nadal
Lot eplicitly woes o zero A1 the seamaum base (Fig 2)

%=
e =1
Fxx, poa b= P s 1 {1}
i, =1

Whete £ = (1, ¥) & 1l positicn veclor, X, = (1, ¥,1 14 (38 summuir
bocstion, &ud p is the pesk amplde. Thei, Ge nomnafized radial
distancs fFom the summmii; r, i5 defimed as

r=ydiy -5, — 1B — s )My - w)+ Oy — 1 ¥ {2
will

A= %u’mﬁn + it #)

n_ﬂ%u—r’}mnlﬁn-r- i

O = ﬁ—}{ﬁmlﬂ +cos iy

Here, = bla, where @ snd b are the major and witor seod-ames
ol i Bacsl eilipse, resgectlively, sl B is He anple Deiween 1k
major mxl east-west (1) azes. A cimoular polynommisl sesooa can
b g lified fartbar witl

o, Vir =P+ [._'F_."'r.:"
s
whese r, 18 e radnsd of |e seamnom Haje.
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18 8.8 Eioroed P Baprel

Flg 2 demovsfrates e stmebanty berveen the polynoomial (réd
b s Cavsean (alack dotied Hoe) medets aad covpare s
models with the VGG sgml (Mock solid bine) over a nypical foum-
cried come. The detse core misde] [k & Wesssl D0L0) was em-
plerred to predict (s fres=air gravio: aneunlies FAA) arising fram
the density differcmoss and fiexed crust (Figo 2b). Then, the VGG
sipmel s esrineied by akcing e veatical demivstive of Ew pae-
dicted FAA dats. Thwere (s lirtle diffirence betweeis the ©0HT dhapes
predicted wsing the Gaussian nd pambolic models. However, the
wicthaf the VOidas estimsted nsing thederse cove inedel is wder
than either meadel Svch diffsrences depend on the mass distritmbion
ol tye sesmonny mogleed by fle teacsiion bevel the ranio befveen
i Barigat aaned Lol mwdiue aed e ameut of Qe vaday s the
seamponmt, Predicting such detakls wonld require e geoplvsical
mformation (€. g. bathymoetry and seismic refac bon profiles), Thus,
the pelynomial mode] serves as a simple appraoximatien to typical
VG ampmmnkize ove sexmons,

Cride & Saodwell {1966) Dmuod that foc fe Quissian seanominl
model e peak-to-trough distance of a siagle vertical delection poe-
file could be msed toinfer semoonasd dinmeter, and thint this feature
was msensitive to the cross-track location of the profile. Hoewever,
for somlber seamuts s relirbonship becomes MMl o mes-
gare, Whils Cralg & Sandwell (1983) could onby wss individual
tracks due do fbe lage tmek spacimg we hwve a gridded datn st
available taeed om a devse sat of soellite tracks; henes wa chosa 1o
fit thee Vi dats dizectly nsimg the elliptical pobnsonial maodel

Eecanss smamoinsts are volomic constmets, their graviby anomas
Hes protrude upvwards o the fegiomal gravity level o the fol-
bowring, we will describe how we fit the eliiptical polyiemial modef
te sl protubesancss @ the VGG ped. Obsiensly, pot all pos-
tve ViEE s tdicste the presence of ssamounts since other
tecionic festures {e.g. abyssal hills and frschue zoe scarps) cu
result in similor sigoals. Thss. we will frst romstneet @ set of “po-
femital” seaounts porametnzed by ihe elliptizal polymermisl modal
and then apply statioticn] wode] sabection criterds aid Latl sats-
b sad oanisl inspectioes 1 ondes bo eltanate most aiealisss
patential sEmmoumts,

1.2 Mon-mear inverston for efpeical polynomial
BEMINEMEIES

If » gven domein has § ellipscal pobyoomial seamounts, we can
cogstmel & isid-binesr lesst-squares prohlen fog estmnting the s
(AR, B = (g vy ¥y, a0y bl ) For esch pahmomnmia] ssameunt
S

i

1 3
E(M'E]=E[w] _1}.-EH|_PJ_ (%)
' e

luere A s the wocber aof dafa pedote uesd for the &1, V) & the
ohserved VG atthe b daa poiot, and , its standard devistion of
data 1oase. Here, K 18 tle predicted 130G at he Al datz pole usiag
Al = (g, W, ., g ) Tihais, thse first ferm i eq. (5 & a standsed
chi=somared measure of misfit betwesn fhe otserved sd predicted
din. The second tenm & a positihvity constradnt on the anplihide
paraineters, By, with a logasitlm bariwe, 3 (L4 & Oldsaloag 1996,
Baptista & ol 200%). The logarittm term increpses the gradient
of s misfit if the anplitmde keeps decreasing towards zero aad
lremice ensunes that sshisticns with nepstive anplfudes are sroddad.
A standard Leverbeg—tMarguardt approsch is used to Insarize aad
solve e, {50 (Press of gl 1093,

1.3 Data nokse and statistical model selecdon

Like other pecehysical data, s V503 has potae due to neacure-
et s oy ervare. Wihile the et sfor ki todis
strumeniation (2.g. moge precision of albimelery and antiest moise
(2. oceam waves and tide model erro), e ey eoror derives
froen the smplified parametdzations of Eah wodels and ideal-
ized teamment of Forward problems (Sandwell & Smill 1997, To
ko (le sccumey of e recovered gavity Belil esem chers e
barcsd the mgs precislon of the edsting altimety measuenwsuts
by betler constroimog the sea surface slope crmors (Maws af al.
190E; Sondvell £ Smith 200F). Asa remlt, the sgnal-to-nvice ra-
tieof thie curreat VGG data (30 16.1) has bees ivgroved tece thai
40 per cept from the previous rlease (v, 9.0 Sandwell & Smith
R

In additiom b the dwin poise present o the VGG gnd, oo treat-
nel fistrodnces sdiditians] ertors. Becase e {5) does nof ineiude
catnpilete set of parameters fepresentiog all geoplvad cal pheudre s
caprtned in dhs VEEG dadn (e gravity sipna ks due to abwssal hilks,
i sohure zones, cristal and subcrusal dessity varistioes), the VGG
e s ol madaed fo ceamaouits beeome oo heery error. The of-
Liptical polymomin] medel nlso contribnmes to the theory ermar s the
maode] commot handle completely the mregul ety of VGG momn lies.
In geaeral, oo can adkdress this lssme by adopiing a wove scomate
sl avby incorporating the mensure of emor comelsions mba the
mrersion fonmubaton (eg. Dosso o ol 2006). The former is the
~ery Texson we chose the elliptical polynomial model becanse it is
A are appopiate model ban the cmonlar models used o peevious
stuchies {VWosscl & Lyows 1997 Hillier & Wabts 2007). However,
divalopdng a complete Earth medal to explain evny detatl of il
grwviy Beld ds dougoactical. Thas, we set an auplitides hiesheld
(e = 10 ESbehs) that fhe VOG0 anpbimde of pokntial seamounts
st epesed, by nsmning that V&5 peaks lower than this threshe-
cld womld be more bkely associated with dnta notse or small-scale
peodoeic fesnues (oo stycesl Dill) 1lisn semal sesmmonals. This
threshodd b abeat pwice tie standard deviaton of observed VGG
mnomubies o regrons vodd of mmjer genlogie feitimess (e linets
ia Fig 33 In adchiow we ameliomte dw theory eomoe futher
perfomming regomal=residia | sepamation om the VG grid sad smbe-
ject the sepmount mode] o both automatic and nemnual mspections
(Sectiod T 5).

Harwever, eriog eonlslatbne ars generally unkanowi sl requis
reasomatle pssumptions sboart the datn ancertminty dsmbution. A
carmuman Apprasch is o msunee that emors foflow o Ganssian diss
tribution. ond are spatially noconelated, which ansbles e use of
mim eq. () {ie. a diagoml covmmiance matrix). Unforunastedy, this
appronch Tecomes e efective in descrildig the dacs vocatatiny
diabrilstban of the VG gitd heesnae the ek in the s altive
try mexsrements becoare comrefated Huomgh dan processing, In
tais case One @O estinate a fll difa covariance matrix with off=
cdiagraal elements o the residual data (i.2, the ebserved cata mi-
s the predticted model) usiie an dterative procedwre [Meaipotnery
A Peck 1992 Dt e r 2006, Do sgea? ., DR For oud sy, Lo
ever, lpearporatiog o fall data covariancs oaimix tioeq {5) woeld
be very eapensive o terms of compuistion tine becaise a &V x
Ar pnatets wenld nieed ro be swosted st anch [teration as the veadal
porameters ged mpdated. Tn additiom. the temtive maproach has heen
aspcesafully apalied only 1o 2-D data s2bs {eg soousie neasme-
ety a1 a8 lopdvoplione) and beses pequdss cesfulconsideraion for
A=[0 data (&g VGG mid) Neglecting the off-diagoval elements in
e, {5), therefore, way lesd to imderestimation of model-pamimetes
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Hlege, we adidress the effect due fo correlated erroes by comsideriie
the follewdig sapects, First, the vmertabnties of tha modsd pacaine-
ters for %G polential seamomnts are not direcdly comverted toun-
cetfaiities of tls parsneters or bathyimetoee (deal sesoimbs: 1hat
step luvolves additional forwand wodelling (e Messel & Lyoos
1997, Several tests with ;smthetic poise and VGG seamounts als
shroved thsi e model parmoeecs deivrmined with & disponsl oo
waibance sty predheted the atzlal piameters iy a cotsstet
mimner. Thins, we e e, (¥ with a diagenal covariines matrix (ie.
simzle standard deviation) wsd regard the best model parameters for
ViliG pobential ssanots ns a fist-order approximation of actwal
VOO aoealoes. Seeoin] the paramete affected test by corelated
dists b ihe puenber of poteerix] desnovmi (Lo 5). Bocanse this ps-
mietsr i3 ot solved fonr by e, (5), we constiain 5 using statistical
midel selection critenia. However, such stafisHeal tests inherently
assume that each mezenrement is mdependemt, which is invalid Sor
the “{xF gnd due to M cormelated natnre, As 5 fisst-nreler conrec-
Liom, we delennmne (e effeciive monler of imoormelased Jata, Mg,
bz om anfocovarimes estiinstes of the VGG dats sl sy it o
the mede] selection criteria,

Weapplied the indirect method of computing avosomanance e-
cimnates Baced o The Wieter-EKhinchin theoren (Press & ol 1952
b b ameas at different htitndes, where no smificant geol ogic
faahare were obssrved (Fig, 33 The 2-Dr antocenrinnce estinnies
vare Fredaged over cme radial pizel dietance {ie. the detaioe be-
tween fwn neigh soaring gnd points of the VGG dats in the Meacnior
dmmaiin] tn defire the coemelation bangth of the ViHG data nsing the
figst Zero-caosstip of the radial covaname estnaates. The cavels
tice leugth al Equake (Fig. 38} i ~8 ki, while toe bigh latingde
case (Fli 3b) & sbighily Letter, at ~6 kan. This muay be bacaise the
iTack spacing is closerat higherintitude and hence the naiss i kower
(Sandwell & Soith 1397). The adial sulocovarbapos estinates -
dicate that o VGG valae af ope grid node & smongly comelaed with
tvifpdibonarig %G values ocaied witlidi o radins of 5 piels. Tius,
we ggtirmated the effectne mmmber of tmoarretated dota, Ny, a

My owm i fog. L

wiere the comrelstion pine] length, £ = %, a5 shovn in Fig. 3.

Radial Distance (km)

Covararce

¢ 5 1 16 = %
Radial Pixal Distance

30

New global seamamt cenas 619
Fluslly, we addvess tle most importand guestson of this smdy

How tmamy VO potential sempouste ane teegeeary to opieslly
fil =g, (4)7 Statistically, we can examine this question wsing moded
selectton cribefa { M=) ar feals i a medal Wit 5 + 1 seamonnis
sigidficastly mpreves the mis redadve fo 8 moedel with onky 5
senmoramts. Ome of fle applied MSC s the Unbiased Adeike inbar-
sl eritemion AFC, ) (Teai & bAcCriarrie 19040 dufimd 5

& i

oy L — & ) Mg 4/
AfG = hi[El:l .!: _I_I: I-F]] ] 4 E + 1]I'

W — A - {7

My — M

Here, Af = 65 @5 the todal mumter of the mods] pammetes n
Mz, The fiist term bo o3, (71 8 o meosre of the mefii with §
senmeeamts, However, if 5 is mvereshanated for a given data set then
Al will be permbized by he second fenn (& messone of made]
complesity), Thus, ARC A, g ) becormes lesethon 45O Ry ) if the
bnnproveent in nusfic tnade by o oodel with o moee st
Mz, is stotishically significact The pther citenion considers the
Faatio test{ Stein & Gordon 1984). tlat s

_ [P — 70, ] iars — arg)
I{HTL 3N — M5 I

where My is the number of mods] parsmeters for & seamouats and
ther club-saquesred fimetion & fee smeas the fsi term of eq. (5). This
Fanatietle & teeiod agalnet Py oy, mp) widh m = (Mg 0 — MG
and wy = {Ng — Mo, o), for n 98 per cent comfidence fevel. Although
ety pnetlscels beul 1o resitll fn ilse same stalistical oelcone. we
cormservatively omly accept a 1model Hed passes both tests. Theing
the above MSC thersfore, we ammve at the mumber of potential
searnoimbs diat are slalistically significant fin e given O das
witls carrelsted nojse

(]

24 SeaHunt: awtomared global seamount search

W fivst reqaoved lome-wavelengls denals froan te VO data by
applying & spatial median filber with a 400 ko filber width becanse
such regiomal sarntion is not dire ctly associated woiths the s eomeonmnts

Fadial Distance {km)

] 10 20 m
Eﬂ. 1 1
k) 457N

18
o 12
2
E H l ..-
2 1-'.'*" _.--.r.fj "=‘=.w
B g
[ ]

6 &5 1w 16 20 26 30
Radial Pleal Distancs

Fignre 3. Correlanon lezath of the VG0 161 grd. {a) Radial covenames estrmate of éie V6 god st Equator (ms=t) The exumined area hosa mean of &
Eon s aiul & saeded dey talon of 5.8 Eovos (O Badial covassice el of Qie V00 giid dat -4 51 (nsel). The sxniae]d aren lis ainewl ol 0 L B0V
o] o ataidasd devation of 6 6 Eofvoa, Corwiatieen good length, O, as e distaoes vo the G 2ovo crosang of the covaranee mtaoies Becivss e tos
areas do oot hnce any laege-scale gepdogr feahmes, we nie the stindard devmabions of ghese sgons io debemame the amphmde greshold, peo;.
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Figure 4, Commoring ind base pobygois. (8 Sclemane diagen of comeuring v tow VGG potaiial semmounts wih diffeens anplibetes an conmdered.;
s et for defails. The nsods] parmmeers are danoted for the paotential ssameans Aand B. (b) Base pobyprns seide the szall nrversion box (Hhin soid e,

winch s cheuigued ooby for domceastrmtion parpess The aciosl Erorsion om0 57 = 57 sa discyssed in e The oeloumed mroo indoete VGG acmding the
threshald (g = L0 Eatvit), winle those owilined by dasliad Tne s are larger then the area threchold {‘.il'.'lhn"} T red diamonds ape the centres oftasal =Tipses
fitted to the base pohygsns Thus, we choose the e pohvgors [ock sold hoe) by samming whether thercenmes pe indde a given imermon box

themysetves (Smith 19800, Wessel & Lyoms 1997, The residnal Vi
grid obbadzed ty subtacting e regiomal (i.e. Gleced) VGG dat
from the miginal dats was used foo the subsequem processes.

Adidg the ik meodk] poraneters [ves Fop. Sa), the odafit &
et wenetiie ta the besien soed V0T amplinde of & pobyoenal
o, that s {5, ¥, p) Thus, we comtored the sesddal VGG
datn vsing a 1=Ettwis {m=nal and kept frack of sach comtoug, bes
cause searmonats produce posiSee grovity sigaals and corsequently
thet bocatioms and anglimdes delermie the geomery of Hose
comtones (Fig 43,

As Ao esapls (Flg. 4a), 1 a given arsa lis fo seanoumts (e
Vi peakod serisoniat A b lnoper dean that o faeainovmt B, the conr
tenetng ramne e fret slosed polyosts at the amvambt of sesmenat
A Whenever a pew palygom is gensrated the process sshmates iis
ares and defervmnes a besi-firing ellipee to et polveon, whiel
vstalby has & Eregular shape. Tals step parmmetizes sl palygons
(ie. comtonms) gpenerited and ennbiss us to recover these genmetrn-
cal paralnelers 8 sy comiow level As confouring procesds, it besis
i 0 new polyRen encompasses the previows palvgoos. When the
comtouring reacles the simmt of sesmowsd B, the precess resulis
m oo distimet pobypome: ope & froon ssunount A md the other is
thir fivst polygoen due o wamovnt B, Becawse tlw v does nof
mchade aoy af the presios pobypons froms seammunt A, the com=
beumimg eon recogmize this ment from the obove best mid mansinim
the palygon sef of seanmut A sepamtely from tet of wamonnt B,
Aasigidng migue identitication mimbers o each sl AL escl Huber-
wval, we progressively covstnict & datalase of the area of & dosed
coamour, 1E cepre location, major and mwinor axes, md e aoinmih
of the besi-fitthee eiljse to s comour. More importantty. the coo-
toumng gives us o maocmm mmher of potentinl secanmicants inoa
gheen area becase the fiactcontonr of sach unigme pobygoa set is
associzhed with & positive VOO bump thet may vesalt from an achual
eamonmt. Thas, andnitlel perametes st ¢ be comstructed by usiag
the centres {x,, 1) of besl-Eitiag ellipses for the first comtour lewel,
. for ench feature.

For cur globs] seameamt aoafysis, we divided the Earth mbo 23
platessize doymine based on a digiini model of plate towmdnries
(Bird 2003} by merging relabvely smaler plates with their oearest
pebgliony phatss (Tabbe 1) md genersied 5 = 5° bongs (called
mverciom bemed) thar filled sny piven plame-are donan aviehe
For each plate-size domaln, we cartted oot the contourtug af the
spactiied fverial (e | Eoivis) doam o the amplimde thresheld
(foe = 10 Edbeds), We wsed fhe p,, comowrs 2 hase polygons,
tmapdie witdch potenttal seanovmts, 4t sy, st e found. To fedice
ta auiniher of spurious hase polvipois we ol pEtaled polygons
whoss area exessdett 50dan” ()¢ niea threshold besed on the come
battem analyeds of e VG grid; seetion 2, 3), Tl e theeslsald can
metide wubliphs sermousts of alevstion 100 m, heovever the VEGE
grid msed for o etudy does ot heve smfficient resolving et
ta diflerendaie duem Wb mdepeslent messirenuni (i sip-
boeard smmsdings ). This azabysis vielded 415 710 adtal candiclates
for poiemtial seamoumts,

The imitial parameters (v, ¥, Pj ghven i the shicing process
arz good initial choicss for the locntion ad VGG amplifnde of
podential spamoots (Fiw. 3a) while the other parmoeters, (g &, &),
peed b be dstennined dirsstly by niinimizing s9. (%) Hovsvar, fhis
ton-tiear svatan gaickly beecanes mmtable i initial goesses for
the parameters i, &, &) are ton distant from the: achal valees Thas;
v ennstiusiid @ atep-wise tnvessdon That salves eq, (5) vsiog the
circular pobvenial mids] (Fig. %) amd thew refines the cavular
parameters fo wiebd an elliplical pob'ooia model (Fie. Se). In
adddition, we preallelized the Eversion sice the node] paramefers
cptineined for one box are mdependent from Qs of otser boxes,
The inversion ssarch with applied model selection critersa resuhed
0 110 127 potestial s,

3.5 Auvtomatic and manual inspections
As the VGG gridl is derived from the sep surface hetight measme-
inemls, i1 beporses Escoafinuons over ke vobeerisl landmasees.
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Totde 1. Momber of smamomts denafied for each pale-siz donmin.
Sepmonnt denaby 15 tae mio of samomt combs fo the aren of platesize
it The platenedaroas a fom Bind (h003), e for the plabé-xze
deammin commstny of ©ormtaned plaks

Fluie-sme Toul Desiy
demmn heikm ¢ = ikl km) (16—f fam—)
AF £57 1868 41,72
Al si9 4317 2509
ALF Eli] 855 1473
AR t 4 4.5
cr i 148 1,03
o 40 LEs 13,42
P L 1 0,146
Ed 3 a MEET
ELT TE 512 542
P 1] 2 4,88
s a0 ] 14.79
IF o i § 2552
12 7 i i55.02
A 132 P 1,50
ME 440 1112 4855
T 2 7 .24
B 4055 BRLA T
B A B b
Bl 1 1 103,041
BA 171 1133 15.84
BC iT 134 1EEd
E1r) i B 439
= Hil i .03
W 1 i3 11449

Tpaelades AU CROKE WL BRE FT, NEL and TO plabea
Ve i BES, MM, MEB, B2, CL, M0, 5B and WL plabes
FInebodes CA and 234 plates

?Inchudes AN U5, CHC nnd A plates

*Inclodes 204 md PS plares.

Mirlndes BE 345 TL BT and 510 plates

Adttsonh a eovnpbcated gradding seheme 5 applied o Gl the althne-
iy date gaps and produce the VG prid (Sandwell & Smith 20045,
the V{H data over comtinents and large clands (e Wew Guinea)
ame pooaly cottiainad Fapecially, te altnetsy dat fear souties-
tal gl e suonghy correlasesdd st oo s ographic shguals (e.g.
Hdal vaves and npvelbng coorents) and reflect won-voleanic geo-
bople processas (1 wdimmtstion and eoosion), which can e elm-
£l i VO aernnlies fiven seainatmts, Another digodtant et
is that voleanic seamounts are umlikely so exist along contizental
orgiss. Thos, we defined Seamnmt Exclisie Zooes (SEF) w-
g il 2000 1 obaths obtamed fom ETOPO2vI (9GO0 20046},
The semounts fowd uside o within 30 ko distapce from the
SEZs (back lines m Fig 3) were miomatically tagged for exch-
sionn o the sk of potential ssmmomms. The 20 b eistnnce ori=
berion was added because e constrnt sobaths ware not sulfecient
[ (A SRaunians e the contienial margine svsmeostically ad
effectiveiy,

The padlel perameters sstiasted by oar smamzbed wethed ca
e bigsed becmme of the theory comer, whih fesults foon e e
ntility of the model bo pred@ct datn noise and poo-samomumt-relaisd
sipuabe both aifects tets] bo ovesestnabe lie napor axis. By exfend-
b thie dikjor ama of snall peentiol seendnsts (Laally with p <
30 Ednid, the model may be stils o phace the misfits i srsss
whete e VOG grid {e conplieated by roughness of ihe e
(g, 10 Soivhwest Tackan Ridee) snd where lisesr mesde sra a-
prrent (2.8 nearfrackare zomesk Weanhomatically tngged patenbal
SedTLE s Wills umgeal e muGor aes i e o er-o-mEnd Aves
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patber yras bess than 0.2 (Le. © < 0.2) &wd iF e ratie of s tnajoe
axps v the V00 amplitede was larger than 0.7 (be, afp = 0,7), W
derived ibese empirical and conservative conditions besed on omr
extemaie data anabyss of Me identithed potentisl seamonnts sl
Knenv i semnontin s oossicaiied by shighsaesd batlyimeny and dhen
npplicd them to exclude unrealistic potentinl seamouats.

Fires, we walicame] lae delecied polemiinl seapuvamis oven sl
rest ageas with coitipiete batlivmetss: coverspe (e g, the Geolog s
Seamaount Group, Fomdation Seammmis, and Rano Eali Seamount
Field) md found no false detections. Bext. we compared the potenr-
tal searnonkats 1o the V00, FAA, and preadicted batbymetny (TOPD
121} gitils iskng Google Eastly Desprite ot sutocnathe Sgpisne we
bl D b g A ally nAle0s ek ovat Elat-opedd s,
sigllate seamonnts, aud large slonds, as well ws penks detected
nt voleamic Hdges and over rough batbymetry, because we could
mat find any spstematic relaticeship betreer o madel parame-
teis aiad the VOO0 over such morphologhes. For examgbe. 8 s
cated seammnt (e.g. guyod) exhibies FAA variation orer the st
and the sbope of the FAA depetsds on e Bamess of e irancabed
senmomt and its densiby stractupe. The VGG derived from such a
fat FAA feld mey leve mliple local macims for each seamoumnt,
witich ¢orsequently catse e comtourmne to produce mlripbe m-
tal peaks for such sngle ssamamats, Far mos casss, s MSC
was effective th nergng e udo ons genait, bt woet oo lasge
ginvels (og Pallada Guyaf). As sobcipated o1 the model taildivg
siuge, the MSC nas mod sdequate to excinde mitial peaics obtamed
nt flanks of stellste semonnts, large isands and at volcanic tidaes
(g, Becker pidge]. Thes mubiiple peaks were theefore fagged va
n mannnl inspection. Wihile we sitived for conststency in making
these decisioms, it is nevertheless cleardy 3 subjechve pmcedare,

Finally, we taggsd islnzds basedd on distance tothe resgest ooasts
L. A wolcanle Isband 5 4 seamoant dsivg, shove the sea subsce.
Howrever, its expossd area above the sen sarface varies considenably
Some #lands exhibii larpe sabaerial surfaces with high ebevatboms,
wiibe othern have sinall arens bapeby abwve ses leval (o.g. atallah, Ti
adctiticn, fhe grmimesic cenire of a voleamic island is pot alweys the
same i thecentre of the snbaerial safece, Dae fo these vamations,
na syslematic appraach to find islands ws mnde. Insead we define
an istand if the dstanee 10 e nearesl coastline from sy subaeril
pradm arihe island exceeds 4 km. Iimeans that the Jengh Derwesn
the two chosest ends of the sland iv bousger than & ko Given the
ViEG correlation lengih of ~8 km (Fig. 3). data gaps Jonger than
& lm cannot be constrained through pearby altimetry data poiss
Using this eriterion, we could fag 62 islacds from the momely
Hspecied potentlial seainoumts. Afler removing all tapged poteutial
ek Froun the ke, we actived st 25 720 potential s e

Ia seamount height estimation

The ol paramerets of the ideuiifled VO POoranial s eamonny
cen e med for varios smdies: apatial dedrbaion of seamanmnn
(Craig & Susdwell 1985; Wesss] & Lyons 1997 ) plate tectonic re-
corstroctions (Jarmard & Clague 19770 and refinicg abeotute place
pstinas (Wedsel & Kroenke 19970 The soplinsde acd lazal of-
Lipse parametars of the O polential seamoants, boweves, cannsf
B mramalated bmesrly 10 obiain seiual dirsadons sl vohunes of
bathymetris seauwmumiz, willch are desirable when lvestigatng e
traplate volcamism (Wessel 2001: Watts of o 20046; Hillier 2007).
T addcdees this problem one cam use either the predicisd bathnmnetry
froin graviny (Jumg & Vgl 1902 Sichedy & Bonoeille 1996
Emmiilien & Cazenave 1007 Smith & Smndwell 1997, Bandllien
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Figure 3. Aziomled sep-wee mversnon for seamoned seardung, (o) The mifial data ==t corsosts of $he VGG date imade the base polywose md the 1mml
el pmmsters, (1, 0%, 0 pregured by oonloursg (s Fig. 45 The poteutind sessomt Tocstoms are indcasd by the md squares. (b)) Cinculer pekmommal
medel. The model selection ontena (M50] are applied o idenhfy stabstcally spmfioend potendizl seamenns {red sqoares) uwnag the cooalar poloommal
model. ic} Eliphsal pohmomml model. The ellpizmal pelymorsal mode] = apphied fo spgeocmmatn fhe groon VGG dotn. {d) The idenhfed polenbnl seamomin

nre eonmpazed vath the predicted batimetre, TOPO 121

& Wght 20000 or a separate modelling scheme (Balry ar af,
[987; Calmant |94 Wessel & Lyvons 1997). Both methods to pre-
digt seamouant heighte sulfer from & sommon sooor sourse due o
the densities nsed for seamovmiz (Rils 198 2; Tixon & Pake 1983
Baudry efql 1957; Bandry & Calrmant 1991 In sddition, the giobal
hathymetry data wers estimated on assugpbion of & comstant easse
thickness: the height prediction can be biased, especially for lags
sl Ts that wese forned recetsly netstive fo1he theemal age of
thie Liflapheds benesily dwan (e VoU g $eafdist ol obd einst:
Ceom e af, 1952, To remedy sueh bles, Wesssl & Lvous (1997)
catiinated (e el ghi parameter oo o sboplifled forveasd nuodellisg
that considered a bread ramge of elstc thicknesses. They assmned
the seamount lisd a Crasadan dbape and belt & look-mp table for
a wide range of beiohis and fank slopes iz onder to relnle their
gravitetrk paametas (Lo VGG and FAA ampliiides and VOO
zerm=srasEng distance] to the beight and radivs of the ssamount
mnde]l However, the nocertainty of the gredicted heigat is greater
fiox the sapall {fi = 1 b ) sl iastertnediabe (1 = & < 3 k) Seaim olits
thin for e barge seumoues (v = 3 ki) Decase die dexural sig
mals doe to the smnlber spamoands (% =0 5 lan) am inkerently less
s et et 1y e Thosse choer To the [ange semmonints (Wesssl & Lvons
19597} Twes, fhe mesrtainty of the lieight paraietess for vhe wnaller
seamaonmts predicted without bathnmetry becomes similar i bath
apgmoaches. For the lape seamotns, the abmple sesmoust imodel
begomies dnnckgunts becmss of thetr stellote fortn: lwever oy

ol ese kv Deen rapyed Lu e ricsily, Bl sty ihaefre,
wi obtaim the bathymetric paremeters {ie. achaal height, major, and
minor aces) foo the VG0 potential seemeounts from the poedicted
bathsmietry, TOPO 12,1 [Smith & Sandwet] 1957), becanse if -
cludes shipboard messurements wherever mvailabie,

As seen I Fig. &{a), the basal ellipse (black solid lire) of &
srarnmt’™s VoG anodely 14 genesally warsower il the scfoal
basal ellipse of the cormsspmding balbymetry, To estumate the
Leipdyt, we ducrataly sealed e bassl ellgse of e VGO asomaly by
0.5, I 3aml4 (see the copcsniic Sllipses in Fig. 4a), Foreach scabe
we onpied the medion of the depibs senapbed at the Foe posithons
where the major and mimoer axes mtersect the basal ellipse {see the
tedd and hlack deis o Fig. éa). The lseaglatestemate forescls seameont
b motiavdt digeth (lock squade ts Fig, $0) inisns tie medon degd,
Thea, we cotnpared five different Deipht estimatzs and clwose e
beiglst only when the examined scale resulted ma ) per et ne
crease i height aver thie previoes estimate (Fig 6h). In Fig 6 the
Lagily! @stimeate {5 incemdng cotivmonsly with sealing: howeve,
i e gl b5 oo crensed by imone shan 50 per ceqr G sexle: lager
taan 3. Adtlonpds this stio coustraiol grevenls excessive ststcldng
and mnabbes vs 10 comshniet lase overlapping besal allipes Flg. 7).
we milcipate hat fie belght estimates for seamomis of & = 4 ki
ma be underestimated by 1% per cent. Based on the esumied
betpls, we fonnd 24 643 potential sesmonasts taller than 104 meut
of 25721 VGG seaanonts,
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Fignne 6. Hnghlaﬂhuﬂmhﬂulhupﬂdtﬂullutmwrrpﬂm 12,1 (St fe Semdvwel] 19907 (2) Sealad basl ollpses. The sl elligess of the VO
proteitial st (odack sodad Do) & scabed discoetely iy 005, 2, 3 md 4 (diwbedd and fedd toswenimie elliges). The dephie are sangpled from the e mectig
ot T BRUTEs e FiAOF R TmiEnT fe s il e efhies kv soet red dete. o HAEEE estietion ey The heiphe i3 sstiieted By oty e repioiil
degpth (e medies vahoe of g fowr deptas Srom each soalecd albpes) from e smues degeh [Back sovsre m (2)]. The best scale = deermimed iof fie g o

that aeabe 1 serasmed moee tlsen 50 pee el slatie o the provions haiple

Fignie 7. Batlrymwdrir el allapess of pofenia] semscd s sesled by de
heght sstimeton process. The lecations (red dots) of patentizl seamoumts
aie slurevil G @ section of @ie Easter Sesducuist Chnia AS destissd i @e

text, the Zalie ¥ Gesnez Redgeal 15
of the potental semmooniz

= o sl Ty excheled froms the lat

© 1011 The Ardhers, G, 186, 615631
Geopleysical fownal It ernatisoal © 2011 BAS

I RESULTS

The owal of 24643 poteniial seamonns ke e 1000 was de-
teitained el chametsrized by the procsisss descibad abes; this
s alaost brice the wenber ddeatiflad dn tle poevions shudy (Weseel
2001 However, the term “seamomtt has heen defined imconsis-
tewtly by vatows shakes due to the specific mterests B & field of
resaatch of lndiatiens of the data ueed i 2 sndy (Mansed 1064
Terdaiaer el 1983 White et all L9553, Wessel & Lyons 1087; Wesss|
read, 20, A recent sttengi toancinde dnesTss VIews o Semmany
wittonmnbtdisciplimary resear ch commmmities desaribes seamaonmnis
as “any peograplicaily isolated iopoprapihic Destires oi The sealioor
tatler thais PO o, irslncing ddes Wiress smimil o ey ke
poraily eiverpe above sen el ot not deluding fesnares that
ane located oo eonfiveistal shetves or that ase part of ether inajer
laisditnicsaesy’ (Stavadbpe] & of 20007% Tlie sutonarie wgidog witlibi
the S5EZs, the mamaal tagging of wlecanic tidges. and the height
thresalsald make our poteniial sesot sovast uore compatible wit
pckarn ternakned ogy than thoae of provious wsdiee Adthoogh we
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fapped 62 mlasds oar il seamotnt coumt still ducbwles some sl
s bl Dvpeanns i etuoitest wisdily of thet ssbrerial ared b nernoener
than the 8-m VWG correlation length.

The spstal distributicn of potecHal sesmounte o this sy
(Fig. 8 shows fhst searmows ialler thea 1 lm (Hue and red dots,
ro= B35} penemlly oocur i cluslers, seaoumd chams, med aro
vegricns, Vhile lage potions. of sempounis ke than | km (ke
dote, o= T6185) ate located nes wdd-oceal ddoe. This por-
tticning sogpests that the: mtermediate and large seqmoans are
formeed by mud-plats volcaniun {e.g. mantle plunes), vwlidle the
small searments are produced in near-ridgs envizouments {Wesss]
2001; Hillier 2007). A listopamin of s ledpht datribation of the
S TE [ irael b Fig, 8] aleo iluarste rlat e popalation of
senall senmoaunts (i < 1 ko) ks stout twice that of loberomediate nad
large seamoumts (A = 1 km).

The Pacific Plate enpports ~ 28 per cent of the iderified po-
renfial seamoamts. However, nearly half of the woald’s sepmmmis
caller than 1 kKia are fomd on e Pacific Flare (Tablke 1), which
conflrms eakier results for the wesbem Pacifie (Cradg & Sasbwell
1988; Wessel & Lyms 1997 Hillber 2007). Following fhe Pacific
Plade, mnwperowus seancounts are found oo the Astuacnes, Afric,
Anstratia, Somb soverics and Mazea plates, Tl vest of the bter-
mediate and laogs seamsounts (v = | ku) ars distitaesd over the
Admen, Avstralia, Antarcticn, md Mazen plates. Unlike the Pagific,
thir gunall sesaneonts {h = 1 k) on e Antaretics Plabe make up
meme tham 8 per cent of e seamounts for that plate. Althongh the
seaminmi commis fior the Philippine. Manana and Sandvach plakes
areasuall selative to (e global munber of seanoumts, tearky G0 per
ez of senmknais fomkd om these plaies are mikes thon 1 kan, I
poiy dgby tlat are vobeasoes caan grow tller thes pesr-redoe vel-
cancss dne 6 the relatively static magns sowce sappled foom the
sabduction provess md ilve larper sorength ofan older plate.

Seameount heght (km)
i] 2 4 B

11 New global seamouint census

The total reansher of seamoumis for o specific plate arthe entire Ezrth
b Paay oo f Hhee ot quieations that pressona ciHes have trHed
bo amsweer, regardless of varinble dat covernge {incomyplete or com=
phete] and mehodologies (el or anonate; &g, Bariza 1582;
Jowdan ¢ al. 1933; Abers of ol 1988 Wessel J001: Hilller & Watls
2(FT). As complete mapping of all seamonis has vet tobe made, the
petreral appros o compsnas e o i euailed sergias s Dee
siafisiboal snfrapolation. This appooch assinmed fhat the hekght-
froquency distnbution follows either an cxponential or power-faw
eurvy. Based o the choise of curve, the tolaLmmapber of senmounis
fonr & pegon of aiereat e ould be fnehiating widely

For instance, Wessel (20013 used a power-law relntionship for
the detected potestinl seaaooants i the 31-7 o height mmge
md predicied thezs might be [0 seamounts globally that
are Taber ihen | k. Thes smenber has Deen revised ecetly 1o
125 (M) seamicennrs weily &n imoerEmn rage of 4.5 0—-350000
(Wessel of f, 20107 brwever, the sane pover-low comidibon nas
v, Thee revised power-taw hedghr-fregeency disnitution also poe-
crcted 23 million seamoums talber than 100 my It might moge frean
8 to 80 milliom. This psmver-law curve is a stmighe ling in a log-log
plot, md the lizear trend of the FW dote (Wesse] 20080 in te 2-7
ke Lselght seanpe is well descrbed by this el carve {PW. blue
open squares in Fig, 9

Hillser & Whabts {2007 comected their seamonat comts fo come=
petrate for (he sparve dats coversee of slip-tracks and armved at
global prediciions of 3% M seamoumts of § = | km (HW; grey
cpen tminngles in Fiz. 91 They demoustrated that no single em-
pirical curves ane adecquate to dsciibe seamosmtsbamdinees over
the entive helght range, This Geding b also direstly apgelicable 1o
cur hetalt=frequency curve (KW, red circlss in Fig 9 winch has

: - - 00'E 160°W S0

Y

Semmount count

o

1'E

180°W &0

Figure B Clodbal dhat barsed of 24643 paoientia] sy alesrtified Uy s spady, Bladk dots G 0.0 < = Kk (g = 16 185, Wue dos fm L < f= 3 Im
(&= 7510, need ved ot for & = 3 kg (0 = SH). The plate bouscdanes (Bisd 2003} doe skowa s prey lies oo the Semeouat Evclissca Zonas | SEZx ] dafine
by st 2001 13 1s0ibaths are dranm 25 bisck loes . st shows bmtogram of hegght desnibatios of potestie] ssomoumis.
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Flguie 5. Heabi-fregoency Lefeotous of potemiul sapwais foo ©W (us shudy, red doish, PO (Wessel 2000 (blie open squives), seconcded Pw
(P | KW bine sopares), HW (Hillier & Wate 53407 (geey cpen tnamgles) md recoacled HW HW | KW gresrtnangles) The curvamres of the dwirbonom

Al Azl 51 3

Hs macinm orvahoe & -5 km eand comcides. (perfaps form-
oy ™) il e wasrton height bedwee crouls aud Bdisie
westncanity {Mitchall 2001). Memettelocs, Hillier & Waira (30073
estimated 3 million s=amounts (> 100 m)using the power-lam
CHEYE.

I bais sty we predict a new global seamount census based on
the idestefbed seamomn distribution md the sps of seafboor. Fiist,
g Cril st h i The usprpess it Sor e seaiinovdty of i > 1 in, Becanse
e anethad Fuds 8453 potemtial semmmants of & = | o glotal by, i
wecomsider the 42 counted islands and possible mssing senmounis
due to the SEZs. we con gpeeculatively increase thes number up o
LIk (M), W ghiink that this commt for the seamenmis of & = | ko
i3 4 resanable Upper ot beeanse fhe SEFs ¢as evcbade onby 217
sesrrmts fivan the PW deta and 1130 seauoansts froen e HW
dnta.

To estimmie & global census of samll seanomis (0l < & =
I B, o fesd to eotpider The amamninion of gEvily ek
widls ineraading reglonsl depitba (b nprocsed conbiomation ). A e
trabed iy Fig, 1. the VG amplitades of anall seamomts simated
af ereater depihs cam becomme Eising dalie o the moise sl
VO shpnals arbsdag oo ather geobogical cartracts Jeg. atryssal
luills ame fanlted biocks). Due fo such smbiguty of gravity sigals
afd the ferdies tarivticn i iight-frsgoency moede!, we speoulatively &
Hiwte the ‘true” wanber of semnouwts ghobally Ty asaunmg thal
the seafioor is miformly covered by small seamounts. Geolbogically
rmall seamount s are formed oo yomng Littosphers pear mid-ocean
ridpes e p Saudh L Cam 19000 This fact alove hcresses the de-
tec bbbty of these youne sesmonmsbecanse the regonal depth oes
the apmeading sdges & nypdeally aballower thn oher parts of te
peeans (Parsons & Scater 1977 e less woward continuation) aud

& B B

Density (108 km2)

=]

L] 20 40

a0 B0

B h<ik

109 120 140 180 18D

Seafloor age (Ma)

Flguoe 190, Seamioi density G sond] semuoets (000 « # = 18 as b fsetion of seafioos me The seanmed deusily (ue. e salio of 5 M oo s
gl e aren fier oo ch ape but) decrinses B ckles semtloor, adleitng el oancuss ao [dely 10 b wodacomted berae thes oresaby b iee subebised
dre bo greates water depth and thack sedunent covempe (1ee dashed curvep. Crestal ages are sammpled froms the ape gnd 3.2 [Mnllez e ol 2006}
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thie e sr-ridee area s Eave the beast sediment oover { THyibs 2009, asd
Iremes s comfidaizes eval of wor count for small ssnwunts on the
vommpest seafiporis rel atively higher than that for the older seafloor
(Flg. 10}, Hvwe e aenrme tho s seafioor prodieed for sy piven
geologic time perbod has experienced 0 consiami samou oo
B=m & given area of the sexfioor will have n constnat seamount
demily (Fig 500 I0 the seaamounl deasity of e yomygest plae
(= 10 WAl b a peey o the ' toee’ apea ooverspe of wnal <eamotmts
produzed per 19 Myr for any geologic time period (Fig. 10, we
can predict that there are -20000 small ssamomits globally. If we
mpass 30 per cend wiertinty to the observed seamoumt density
af e youtnpest plate, the predicted coumt for seammsi Semisns
Dspsogtiae ~d.5 ENME, This [esls 102 new globa] sscdnonsl SHsie
(= 0.1 kon) b ranges fiow 40000 10 5506, Of course, many
ok these smaller semzouts would be buned by sedimyexts bad conld
atill give rice to n dimimished gravity anomalye

Monetheless, the resolation of grmeity is mherenthy limited by
i coulinustisns A Cheng of e sanall senanmods O < 1 ko,
this, wary be ddewrified as @ stopbe elongated samponnt by our met-
oids The exampls of Fig | ilhstmtes sach n possibility becpss
the VG amplimde over closely spaced seamcunts is larger than
e tleeshold of Mis ensdy, vl the slape of ibe VGG dats sppears
as & Hanket e them For sach cases, shipboand balyoeiy s
preferbla

Flnaily, wa em amess to what awtent pofinitial weagxmis have
heay mapped by surince chips The histograms o Fig. 11 shamr the
ship datn conrerage per pobentinl seammu by calonlading As, the me
b af the panber of shi pboed oedsaeneeats 0o the totil ganberof
gridpoints insides thebasal ellipse, The TOPO 121 gridhas smied-
ded dpsfoairatben o whetlser 8 gidooint 18 cozetramed Iy shipibesasd
bathymetry or mberpolsed by the stmpdard prediction (Smith &
Saudwell 1994} Only 24 per cent of the deatified seamsousts have
miore than EO per cent coverage of shipboard baflyrmetry (Figs 11a
and B, wille -4 per cént of the podential searnoints bowve dn
ship eoveiips, The batlvawirie conarngs ako diffias for the gze
of seamaumts {Fig. 11c) Abon 90 pes cend of the small seammats
(1 =8 = 1 kn; Wack) have bess than 10 per ceat ship coverage,
whithe abot 0 per cent of the iatermeadinte (1 < & < 1 km; blaz) nad
Baggsa [ 2= 3 ban; vedl) ligve 1lse satne covernge. Homever, the batn-
meie coverage I e nwenmedine and large seamnons [s quickly
bnproved tecanuse they ore casy to locate, To dhingt these poatly com-
et seamouats effectively, o may e or seamornl da ko
ba plin i servey o tinmset s that o sevey shig can s aver o of
these seamnonmis by design (Soodwell & Wessel 2000,

i DISCUSSION

With dittereny methodalogy 2nd data, one w0l oviam dissumilar
s of ssaminmnts (Wessel 2000, Kitchingmmn & Tal 2004,
Hillier & Whatts 2T Costello of al. 2010; Wessel of ai. 20140}
this makes i1 diffleulr wo meconsile oug pestiln: Wili poldisTed -
bems. Ulsing halbymetry, Hillier & Wass {30075 foond 201 055
pobentinl - seamonnts in the NGDO arcoeved sngle-beam ship
baathyanetry, while Kielangmon & Lai (3004 ideatified 14 257 po=
tential senmeannsts i the ETOPOR grid. In contmst, Wissel (200
fiound 11 852 potental searnoumts from e VGG 7.2 gdd [feceatly
reviaed fiom 14875 after semoving acidaida ] duplicafes, Weseal
et al, 100, Cue ¢aa also differentiate these wambers further based
on size theeshold dsta resolution, methodalogies, and other fac-
tore. Here, we will focns on fvo acpects af the bropd definition
of a seamnnt (S{aadige] of & JE0) that eardier shadies did not
costider. Tlse fhrat & spect iS thet & seanwou j 'asm peoraploe ally

Height (km)
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Fignre 15, BoSnans ke sagcovernpe over poleniinl sepimsiss. (3} Sealter
e af i b by e dhr oo sera Veesn & deammond Beaglu. b Fioboaram
of batinein map covengs Oody 3528 podeial ssarsrms e weoee i
Iopercent of ther areamapped battymetmcalhy; 10 062 potenmal seanomis
Tera g b kg eliveatvieally (ch Morrmlized cnmilaiive eoust of
small (backl inenoediate Blue], large (red) seppotets ms o imction of
hathymesic map coverage. The connt 1= nonmalized nork respect tn e iofl
b af e Tir esch Seaeeal pommg

sntated topoamaphic fentare”. Previous smifkes commonly et
Fied bocal siomanit s on volennic redges os seammomyts, bul such ridees
ate geographically coatimone Foo exminple, wo compars e po-
tential seamoniats from this stody (KW; red dots) with those of
Wessel (200L) (P vellow squases) by the esdem part of il
Toaiein Mlaters (Fig 12), Akag the NWSE-rentnp ridgs (w2 A
ia Fig 12}, FWhas multiple ssatocets nhereas BEW lasnoas after
lmdpeetions [see credses for the trduspected seswonsts of W) Tle
eeomnil nepeet 15 Al seamaL: M tel et 150 abe locoted
ou comtinental shelves orthat are part of ofbe mejor lndoasses”.
Beeyag tlaie geoprapluical lodtation was wed impesed oo tle batbs-
inatrie gnadios (BCbichingin B Tai 2004 Fillies & Waits 2007),
they fmmd mumerons seamounds along comtinental boundaries (eg.
willdn the Gul of Califrmie). This, we can asseme 1kal any

€ T The Authors, (T, |86, 615631
Geoplysical Tomnal Desnacomal € 2001 BAS

ane Ampy 71 unE=nt AD ) 0BRSS Lo TSR e A e e e nn Sms pEpen e,y s LIS pRpen | s



115 -

s F .
=1ER 1448w

146"

Neaw global seammms cenags 627

D i Il{llﬁ

d : ; &
144" 145w

Fignre 17. Commnsen of potental sezmpunts idsphfisd by this sndy {red dods]) it Wessel (2001 ) (yellow squares) and Hillier & Watts (2007 (grey
tnanglesd s Timnohl Flatel Onoeses inchoate oations of onespected pidential semmourns i this sty The semmpmis idennfed ot the rdpe (43 and

along abnessal Tnlls (B bvased the pemions seamonmd counts.

potmntinl semnount in thees databases located too far fom amy of
the KW seanounia {s unlitely to be & ssmonnt seceading to this
new defintion, which enahles us to demonstrate how diffarent nod
simnilar fhese dntihases are

With this assunption, we make a fist-onler momciliation of
our resalis with (e PW sxl HW (Hillier & Walls 2007) seanwuml
detsbaes by chocaing Ay seamolls d e PW and HW dastabass
that are Wittt 3 km of amy of the KW sepmoouants. This distancs
(% han)ks a cormervathoe Bt to allow for differences o tle data used
bo search for semmous O sstimnation shows that 2481 ssamounis
(46 pr cent) of the FW data and 4228 seamenmrs: (=2 per cead)
of the HYW dats are founnd within £ b fom the W seameonmis,
whibe 2308 ( 16 g cent) sesnoueds fom the KL (Kabeld s
& Lai 2004) data are witlin the reconcilation distence, Por farther
comprisem, we nse the PW and HW data sets anly becmise the K1,
clita v e beda? peibet of reconciled seamoumts,

The major dilermice etween e PW ssd KW counls orcims
for pofental seamycmmts bess than 3 lan (Fig. 15a). This reduction is
bl dea The P data bave smltiple seamoeits on Hosar shdges
(e, P 120 nnel their peedicted heights fall walsiin that paogee
(1= B = 3 lamj, If tie tokal volwoe of the nm-ecopcilabls PW
searoimts & Hiearly related with that of volosc rdees, fhei the
comtribution of nach ridges 1o inbmplate volcanism can be simaifs
pent becanse mearly balf of the odglm! PW sesmoumis ane not
foamd nearty the potentinl seamnoumts desacted by our snady, Thus,
nlthonmh we fooms exeinstvely on searmoays o this snely, the i
portance of volbomo rdges in imdestanding tntraplate solcanism
Brpoarse salf-ev iienr. Hovwsnvar e peoncilad P Jara [FW WS
whill showar many seamcanyts taller than 3 km, which EW dnes not
liave (Figs 13a). Tles means tlat the locations of hese sammmts
Az eloss o eachother exce for the cstimatzd hetghts, which leads
tora further implicatice that these heights may be bizsed i some de=
guee, Thee spaiial etvibtion of tese tall seamounts i flse PW | EW
ity eonfivme han tedn Taights soe clanty ovarpasdicted, Dicauss
they would be llamds (o places whers oo Islads exist (Fig 14},
Drieregardivg these seniteiins makss e KW md PW | EW mone
comiprratie (ee ke aqpissee and red dole ta Fig | 3a), T diffee-
ence hetween the HW and KW conmts, however, increases as the
sesomn T Nedphr decteses (Fig. 130 Alfoueh e general wer
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B BN [ ([ | O B Height (km)

2.0 B 6.0

6.5 T.0 -3

Frgure b4, Spatal disttamon of e FW | KW poteis] sepoinis of 0 = 5 koo Figiame 13 Accondang 5o fle predicted eglhis of (hes sppois, v
rhould see plapds Gardieslal plrces where soach fevtures < mmst be foood (o g Sonthea st nddon Ridge). Only o foree of the large PW | EW samesmie are barely
b g Mhrzanplesd The cleaty indicases That Shiedr beaphi are moenashiversd The hlrck ot are the BDW poleadnl seasoiues

of v bobost dictributios |6 adesh b bo BIT the FW | BOW has amaeh
fewes seaanonits (especially 2t 1 < i < 3 lon) becanees of the i
saip tracks (522 grev fangls and red dots m Fig. 130 Takiag
imto accoumt the cverzstimated beights of the PW | KW dats and the
meompbete slip-track ooverage of the W | KW daty, the shnilariny
ol all thres sennomy ditwrases witlin 1 < &= 6 ko s notenortay
im bight of the differeat dat sets and methodsused by thess snidias,

For the small seamyousts {-00 lan), however, no general trend is
ebrzived ao Loty the W and HW | KW cowsta diverps from KW
(Fig. 15b}. The direct conmparisan betveeen KW md HW {ce= red
dots asd gy wlangles in Fle. 120 i lees that W idenf tbed alwszal
Laills (420 B fia Fig 17} a5 seainevm s becanse et height s beogtls
swales mereasinghy overlap with thess of abysal hills; fwthemmone,
eamnommis A sbysal bills we dffenlt te ditfferentiate i 1-D
profiles. Iz addinon. it imphies that the HW missed many small
weamidaml s Thial we bove detectal. Thuis, e HW count Fae e sell
EeanE s ooy (ueslioustl e,

Thie pravity snnalies e the senall seamonnts ean be snbigs-
oms dae to upvand comtinmation, dat resolntion, altmetry node
level. seafloor roughness amd sediment cover (Wessel af ol 20 14).
In crder to assees these effects m finding seamoun s from alimetry=
e gravity data, we define e ‘detectability” of 4 desnount foo
a given depih and bedght -ty comaideriag possible scenarios; the
detnils are imcluded in Appendix. Fig: 13 compares the for de-
Gevtalnhily oes ad e e popillen Lol W s sidy
(yellow dots}. The maposity of the pobentisl sesmours ane sifusted at
g lam depth. Semnounts deeper than & km were detecizd near sub-
dhnction Smes Al 39 per cant ol the polestial semomiis ane -
e floe ged mogve (Lol detectabiliny 2one). abilough the seamomnt
mesdels that have VGG muplitudes less than the given thireshold (10
Edtvis) define this zome. Yet, comtouring and the maboreatio iospeo-

o eaimed thest all e ddentified seansanets bave VG0 aplinidee
larger flan this threshold. Thismismatch implies taat the detectalyil=
ity madel underpredicts TOG doe f lle negleetal noaliner e
bigher coder) terms of bathymetry, fixed mtio hetwesn height and
vadins, difference in the dstributedinas berveew ellpieal end or-
cular comes, and lbesd oaceiion o, I addidon, e beighis of
thz potentind searnooants were abtninesd from the predicted depth
prid (Sneith & Samdwel] 1997), which could severely wdenesti-
e the nehal haights of mmaller ssameomnonty, The VGG noomasky,
toms, is large ezomgh to be confidently identified as seamoanits bat
the pedicled ilymetry can be oo small. Despdte fhe gap be-
raeem fhe real dats sad doplified detectabitity podel. th many
potemtinl szameus insids the red rone are shill questimnils (g5
pecially flve snaall, deep omes) and ey require ship balnvmery fo
canfinnaton.

S CONCLUSIONS

For o global seaanount anslyses, vwe have developed o noo-limear
Loy siom aoetlued 1o seaccdy fof potential eemmenuys i e asrellie-
dertved VO erid. An elliptica] polviemdal madal wes applied 1o
mpproximate VGG monmlies due o sanmeants. In addition, the
s atiatical dpnifcmmes of cach prrtettial seamnonnt wis eximinsd
using tan mode] selechion criteria, which considered the comrelated
eature of the gravity data. Atter maice both autosstie and mammal
izvpussricans of potential esarnovenrs datasm b | Tey e e don pao-
oess, we |smated 24 643 seamoumts withd = 000 km globally, Tn (s
oovm, the number of the smnll s eamonmts (f = 1 kn}is about tacice
that of the iennedixe and lage sepmonnts (h = 1 km). The small
senmmmits are mastly fomnd on the vourg seafloor and their coumds
dectewse exponentially G old seafoor Tles suzpesh o coual
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Fignre 13, Modelied detectaily zones for = mmonats usiog VWt data. Each mone 15 based os maamim VGG amphindes that refiect changes in ssamomt
height, remcaal depth, denmity of seamount and sdmer, thickees s of sdiment cover ind diffarest noise level [see Appendm for deqils) Ssameons m g
preem 2 donld be pasity dotected wheres these i e od poed e problkannts o ey oe oo somll for the gven depihs. Seamonnts i avennelia
Fowws (e mned commnpah can B sdenhifiabde aume sneest mathedilogy or Batter date Yellew doa are the sstimsated Tsphds from this sady The bwingeam of
vy depths oerestinghe fallows a2 normal detababion centred on 3o depth md illstmies Gt seanomis hnve e polential f sostin sppelage and
e cpe| AEEs ervirmniments crec Rl fermmoe mnunals. Thedesled Lioe denotes 2 boaada g betwvren el mes end senmomats. Modified foom Wessel e af [2610)

for thve small sennyousts 15 hudsonemally lmted due to attemunbed
gy elpals of smal] seammommi i desp-ocean witmgs (2 vg-
ward mntivastion). Recavse the sine=frequency distribufion does
1 finllow conrmenly imed slistical puadels we ave sssaned &
ol ant prochic ton of snall seamounls = 4 nea-sdge ensireament
nmel estimated n new cemsus of global seamaets (8 = 0.1 kis) that
range s fram 40000 10 33 (0. Curnow globel scnmount coun is not
stgmificantly increassd from the previcns counts d=spite imprensd
resalution of the VOG0 prid and a better melodelogy to charac-
berize seamormis. O the otber hand, eomparison of oor seamoont
dsta with the pravbons glebal smdies e demenstrated that the pre-
vins conmts wens imfated v inchidmg ndges mnd abyxsal hills as
searnyrm fs, The seamemut data from this shady are nccessible from
hittp: Svrawsoesthawai, et FTSMTS.
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APPFENDIX

T grawviny sipisals oo anall sesmmomte (< 1k cm becocne s
bigaaus becanse of vpvwnrd comtimmtion. data resoluhica, altmetry
oo Jevel seafions mughness and sedintey cover (Wesse] & Al
20107, Recaise lese sie e it pareres b desermine (T
o 1CHT amplinede of & seamount, we predicted VOO sl
plitndes forvanous cases by clhangizg these prrameters wd defmed
the 'detectaldbity’ of & sesvout for & piven depth sl Dedebr by
exnmiming of it VO amplitede enceeded o prescribed threshold
(Wessel er &f. 201400 A ancated ciroddar coze mode] was vsed o
appraximaty the tplcal topograply of sesmouds, wiih basal re
dims of 4.3 times the height asd a fived mmcation mtio of 0,31
(Woasel DKL) As more Ham &0 per cent of the seafloor hes boss
fham 2600 10 oF secinvenis [Wessel ef l 20000, we sl e
and. krver Enxits om sediment thickzess for the oldest seafloor {ie.
180 30a) of A and 340 m, regpectively. Sediment thiclmess, then.
wis Hwarly disterpalated o the fidees (Lo 0 Ma) whicl esshled
15 1o relate sediment thickoess. o predicied depth of the seafioor
formed at 3 given age (Pacsous & Sclater 1977) By equating the
puedicted depth to theregonal depdl for 2 gives sesmons, we conld
examine the three cases of po sedimests, nicmmen s Tecimman
wifimen deckwaies. I aldiion. we apolied & second-nader. -
pass Baterworth flber with & cut=off wineslengil of 13 kn to the
predicted VOO sigaab (e Mecks 1096) and kept endy the lmew
term i te bathymetry (Packer 1972). By considering different
sepisras Galing these conitradin, we woved at four 'detectalelity
romes” for ssammats (Fig. 13} The high detectahiling 20me [green
denaing encloses seanvounts el bifiog VT aupitades above the
brigher threshold (15 Eomds), sven when the naxipmim ssdimeni
thickmness mxl the lersi demsity conirast hetween seamonnt (2200
kg ) aad sedient (2300 ke m') were cossidersd. In this
roiwe, prrvily over seanwvsts 15 easily distinenishabde friom graevity
due fo abyeal llls and data npise. The intenmediale detectabeliby
s { bhoe domnals) sepresesits ceamonits having predicted VGG
amphibades abova 1he kower thaelold {10 Edovas) when the mds-
o sedireent thickness and the largest demsity contrast betaean
seatnomt (2800 ke m*} and sedinment (2000 kg m? ) were ooz
sider=d. The low detectability rone {omnges dmmain} encompasses
seamnomits wWith VOO stpinndes above e bwer threladd when
U Iesse s seatomt (2300 kg o1 ') nnd 00 sedliien cover wens
coprsidered Fluakly, the mll desectabilisy zoue (vead dimnadi) grougs
seamoamts having WG muplibedes less fhae the lovwer threshold
because of upwand contimestion aloe: gie bouxdsry bebween the
cnge md red domeins was ohinimed without the lon-pass filker,
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