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Oetailed studies of the Easler microplate, and other contemporary microplates located 
along the world's mid-oceanic ridge system, are considered of primary importance to our 
understanding of the kinematic evolution of the major oceanic plates. The focus of the 
Rapanu i expedition, pan of the "Tour du monde" of the French research vessel Jean 
CluJrcol, was to collee! detailed structural and geophysical data along the nonhem and 
southem Easter microplate boundaries in order to test, in a rigorous manner, the most 
recent tectonic and kinematic models for Ihe micro plaie. ln develop ing detailed 
bathymetric, morphoteclonic and magnelic maps of Ihese boundaries, we have found lhal 
our new plate boundaries differ considerably from Ihose of Hey et al. (1985). These new 
boundaries arc characterized by complex defonnational structures, particularly at Ihe 
northern and so ulhern triple junctions. The norlhern boundary is dominated by 
compression and right lateral shear, paftÎCularly to the west, and leaùs 10 extension in the 
east. The southem boundary is dominaled by extension, particularly to the west, lcading to 
right lateral shear and compression 10 the east. We have utilized our detailed data to test 
Naar and Hey's (1989) instantaneous Euler poles for the Nazca-Easter and Pacific-Easter 
plate pain; in both a qualitative and quantitative sense, first by comparing the locations of 
differing defonnational regimes (predicted by the Euler pole locations and the locations of 
the limits between these regimes) with our new plate boundary configurations, and 
secondly, by making precise comparisons between our profiles and magnetic models which 
we calculated using the pole locations and angular rotations. We have found that our data 
agree fairly weil with the Nazca-Easter and Pacific-Easter instantaneous Eu ler pole 
positions. We have also tested the kinematic microplate models of Engeln et al. (1988) and 
Schouten et al. (1988a, 1988b), and have shown Ihal our data are in general agreement 
with their model of rigid plaie rotation, but not with their model of simple shear. 

Oceanologica Acta, 1990, volume spécial 10, Actes du colloque Tour du Monde Jean 
Charcot, 2-3 man; 1989, Paris. 000-000. 

Test tectonique de la cinématique instantanée de la microplaque de l'île de 
Pâques 

Les études détaillées de la microplaque dc l'îl e dc Pâques, et d'autres microplaques 
présentes le long du système des dorsales médio-océaniques son t essen tielles pour 
comprendre l'évolution cinématique des plaquer. océaniques majeures. L'objectif principal 
de l'expédition Rapanui, dans le cadre du Tour du Monde du NID Jean Charcot é tait 
d'acquérir des données structurales et géophysiques détaillées le long des frontières Nord et 
Sud de la microplaque de l'île de Pâques afin de tester les modèles cinématiques c t 
tec toniques les p lus réce nt s de la microplaque. La cartogra phie bathymétrique, 

183 



J. H. ZUKIN, J. FRANCHl:.iEAU 

morphotectonique et magnétique a montré que les frontières de la microplaque dilRrent 
beaucoup de celles proposées par Hey el al. (1985). Ces fronti ères nouvellement définies 
som marquées par des structures à déformation complexe, en part iculier aux points triples 
Nord ct Sud de la microplaque. La frontière Nord est caractérisée par une compression ct 
un cisai llement dextré, surtout à rOuest, qui passe à une extension li l'Est. La frOll1ière Sud 
est caractérisée par une extension. surtout à l'Ouest. qui passe à un cisai llement dextre et 
une compression à l'Est. Les données détaillées ont permis de tester les pôles d'Euler 
instantanés du modèle de Naar et Hey ( 1989) pour les mouvements Nazca-Pâques et 
Pacifique-Pâques sur le plan qualitatif ct quantilif d'abord en comparant les domaines des 
différents régimes de déformation (prédits par les pôles d'Eu ler) le long des nouvelles 
frontières et ensuite en comparant les profi ls magnét iques aux profil s synthétiques prédits 
par les paramètres de rotalÎon. Les données sont en accord raisonnable avec les pôles 
eulériens instantanés qui décrivent les mouvemenls relatifs Nazca-Pacifique et Pacifique
Pâques. Nous avons également testé les modèles ci nématiques de microplaque d'Engeln 
el al. ( 1988) cl Schouten el al. (1988a, 1988b) et montrons que les données sont en accord 
avec leur modèle de rotation de plaques rigides mais en désaccord avec leur modèle de 
cisai llement simple. 

OceanofogÎca Acta. 1990, volume spécial 10, Actes du colloque Tour du Monde Jean 
Charcot, 2-3 mars 1989, Paris. 000-000. 

INTRODUCTION 

During the last decade of rcseareh over the world's mid
ocean ridge system, scientists have come to reahze tha! 
thi s sys tem is made up of a series of co mp lex 
overlapping rift discontinuities. The largest of Ihese, 
mÎcrop lates, have been id enl ified bath alo ng th e 
eontemporary mid-ocean ridge system as weil as fou nd 
"frozen" into the old ocean basins (Mammerickx et al., 
1988) and are thought to play a primary role in the 
kinematie reorganization of major oceanic plates. Siudies 
wh ic h foc us o n the kin ematie evol ution of these 
mieroplates arc thercfore considercd important 10 our 
understanding of the more gencral evolution of the major 
oceanie plates, and perhaps 10 the geodynamic processcs 
controlling this evolution. 

The Easter mieroplale , localed bctwccn 22°S and 28°S 
along the East Pacifie Rise (EPR) (Fig. 1), is the OOSl 
known of the eontemporary mid-ocean ridgc microplatcs. 
The majority of studics here have been reconnaissance in 
nature and have foeused on redefining the microplatc 
boundaries (Herron 1972, Forsyth 1972, Anderson el al. 
1974 , Handschumacher et al. 1981, Engeln and Stein 
1984, Engeln 1985, and Hey et al. , 1985). Dther studies 
have focused on the ki nema ti c evo lutioll of the 
mieroplate. some by invening inslantaneous Euler poles 
of rotai ion for the Pacific-Easter, Nazca-Eastc r, and 
Nazca-Pacific plate pairs (Engcl n and Stein 1984: Naar 
and Hey, 1989). and Olhers by produeing rigid and shcar 
behaviour models for mieroplates in general, and the 
Eas ter mic rop lale in partieular (Engeln et al. 1988: 
Schoulen et al. 1988). More recent cxpcdi tions tO th is 
arca have rcsulted in an almosl IOtal s ide-scan sonar 
insonification of the microplale boundaries and interior 
(Hey and Naar. 1987; Searle et al .. 1989). 
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The focus of the Rapanui expedition, which took place in 
carly 1987 and was part of the "Tour du Monde" of the 
French research vesseJ NID Jean Charcot, was 10 colleet 
de tailed s tru ct ura l and geophysieal data a long the 
northern and southern Easler mieroplate boundaries: 
these areas are depicted as areas 1 and 2 in Figure 1. 
With these detailed dala (compri sing Seabeam swalh 
balhymelry (Renard and Alienou, 1979), magneties and 
gravit y) wc aimed to test, in a rigorous way, the prev ious 
plate boundary configuration (Bey el al ., 1985) and the 
mosl rceent kinemalic models for the microplate (Naar 
and Hey, 1989; Engeln et al. , 1988; Se hou len e l af., 
1988). The preliminary results from Ihis cxpcdition were 
presented in a paper by Franeheleau el al. (1988). ln 
anoth er paper, Zu kin and Franeheteau ( 1990) have 
combincd Seabeam data from the Rapanu i expedition 
with five other expcditions (American and Gemlan) and 
have made a detailcd assessment of the tectonies and 
plate boundaries in the aceas depicted in Figure 1. In this 
paper wc shall briefly show the results from our previous 
work, and then discuss how they have been uscd to test 
the location of the Pacifie. Nazca . and Easter 
instantaneous Euler poles (Naar and Hey, 1989) and the 
kinematie microplate models rccenlly devised by Engeln 
et al. ( 1988) and Schouten et al. (1988a and b). 

MORPHOTECTONIC MAPS AND PLATE 
BOUNDARY CONFIGURATIONS 

ln order 10 make a delailed nssessment of the tectonies 
along the northcrn and southern bou nd aries of the 
mi cropl ate. Zu kin and Francheteau (1990) prepared a 
series of 200m contour interval bathymetric maps and a 
series of rnorphoteclOnîe maps (Figs 2 and 3) which 
integrated Ihese bathymctrîc data with other geological 



TEcroNIC lEST OF EASTER MICROPLATE KINEMATICS 
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Figure 1 

ûxalion ofllre Easler Microplate in the SE Pacifie (imet). Boundories of the Easftr microplaft: Francheteau et al. (1988), Naar and Hey (1986) and Hey 
et al. (1985). Double linl!S: spreading Un/ft!. Single line: Iransform fau/t. DOlfed IiMS: pseuJofaults of Hey et al. (/985). Dors: eanhquakt epicentres, 
from Ihe World-Wide StandorJizeJ Seismographic Network (WWSSN). Boxl!S QU.tline rire two survey areas discussed in rhe lexl. Mercator projection. 
Position de la mieroplaq ue de lile de Pâques dans le Sud-Est PacifIque (canooche). Frontières de la microplaque : Franeheteau tl al, (1988), Nue et Hey 
(1986) et Hey el al. ( 19115). TrailS doubles: zones d 'accrétion. Trait simple: faille trans fo rmante. Lignes pointillées: pseudo-failles de Hey el al. (1985). 
PoinlS : épiccntres des séismes 1ir6 de WW$$N. Les de ux boites représentent les zones de canographie détaillées discutées dans le texte. Projection de 
Mercator. 

information: fault scarps (major and minor, takcn from 
2Orn-contour interval Seabeam charts); volcanic edifices; 
seismicity locations and published fault mechanisms; 
locations of dredges; relative molion veclOrs ca1culated 
from Naar and Hey's (1989) instanlaneous Euler pole 
locations for the Pacific. Nazca and Easter plates. Using 
Ihese data, and com bin ing them with a preliminary 
investigation of the magnctic signature in these areas, 
Zukin and Francheteau (1990) made a detailed 
assessment of the northern and south\!rn microplate 
boundary configurations, which differed significant ly 
from the earlicr configuration of Hey et al. ( 1985) 
(Fig. 4). There follows a brief discussion of the general 
findings of Francheteau et al. ( 1988) and Zukin and 
Francheteau (1990) along the northern and southern 
microplate boundaries. 
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THE NORTHERN BOUNDARY 

The northem microplate boundary, delimÎted by area 1 
(Fig. 1) is generally characterizcd., from east to west, by a 
ridge-transfonn intersection, a short E-W strike-slip 
zone, a tran sform zo ne under the influence of 
compressional defonnation, and a RFF (ridge-fault-fault) 
Pacific-Nazca-Easter triple junction region (Fig. 4). The 
northeastem ridge-transfonn intersection is made up of a 
scrics of high relief horsts and graben, boundcd by large, 
NW-SE en-echelon normal fault s ; the westernmost 
graben reaches the remarkable depth of 5 890m at 
23°00'S, 112°56.5'W (the Pito Deep) and has becn CÎtcd 
as the deepest rift ax is mapped in the Pacific to date (Hey 
et al. 1985, Francheteau etai. 1988). The axis in this area 
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Figure 2 
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NORTHERN BOUNDARIES 
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Cane morpOOteClO1ùque de la wne 1. Frootiè re nord de la mieroplaque montrant les escarpements de fai lle (lignes avec barbules : escarpements 
majeurs : lignes plus ~pai sses), volcanç (cercles), séismes (~toiles ou mécanismes au foyer), dragages (croiK avC(" nunl\!ro), position du pôle eulérien 
instantané Nazca-Pâques calculé par Naar et Hey ( 1989) et ~ecleurs - viles~~ du mouvement re latir instanlallé Nazca-Pàques, Pacifique-Pâques el 
Pacifique-Nazc:a (Ic mou~ement rclatif est compté par rappon.li la deuxième plllque citée) calculés .li panir des pO!es du tableau 1. Projecùon Mercator. 
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Figur<: 3 

EASTER MICROPLATE MORPHOTECTONICS 
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SQUTHE RN BOUNDARY 
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PAques (Naar et Hey, 1989) et vectcun. - viltsSe du mouvement n:latif instantan€Nazca·Pâques, Pacifique-PIques el Pacirlque-Nazea (le mouvement 
n:latif esl com~ par rappon à la \k:u.ll~mt plaque citl!e) calculés l partir des pôles du tableau 1. Projection Merçator. 
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Can1(Hlrison 01 uClonic bourulories 0llf~ el al, (/985). irr grq. and our 'le ... bourrdo.ries (Zukin aM Froncheltau, 1990) , irr bloc/c lle"! et al, (/985) 
boutUluri/'s: Ihick Sre)' Urres. spreadmg axis.' thin Sre)' lines. /rollS/orm boundaries .' dashed gre)' Unes. pseudo/aulls , l uHrr and FrOf1CMltaU (/990) 
boundories: dcuble black lines. spreudirrf1 lUis: salid blod:lines , lru/1.Slorm urrdlor compressioooi fauilS: dashed /in es irrdicau possible abamJontd or 
fUlure rifting siu.'s, or lud of C(llUlruirrl m boumJory location. Mw slw ... n ure /oculio/1.S of Ihe Na:ca·Easur ulUi l'uciftc-Easur ;nSlUfllarreolU Euler 
poIel. ca /cuiuwJ by Nuar OM Hey (19lJ9), and re/OlNe motion "eclors cOlcu/uled from tkir i/lS1UfllaneoIU Euler Ntuca·Easler, Pociftc-Easur. and 
Pociftc·Narca (fiFSI plaie nW''';ng ... ilh respeCl10 second plOIe) plate·pair·pales (Tllb. / ). MercOlOr fNojutiorr. 
Cornparaisoo entre les front ~res de plaque de Hey et 01. (1985). en gris. el celles de Zukin el FrancheLCau (I!»O). en noir. Fromims de Heyel al, 
(19I1S): ues d'accrtlion en lignes gTlses l!pais.scs. faîlles transfonnanLCs en lignes grises fines. pscudo-faillc5 en lignes grises poîntilltts. Froo~res de 
ZuJcin el Franchcteau (1990) : aM:S d'lCCœlion en lignes noires doubles. failles ItlIriSformanteS el/ou rones de comprusion en lignes noires continues 
les lignes pointi l~ indiql,lelltles zoocs d'accrétion fossiles (ou futures) ou les ZOfJCS frootib"es mal dttennin&s. On a aussi marqut la position des 
pOles el,lltriell$ ill$W1Wlé$ po ..... les mouvcmenlS Nazca-Pâques et Paci(lQue·Plques détenniAts par Naar et Hey (1989) ct les v«telllS-vitesse du 
mouvement relatir instanlatlt Nazca·Plques. Pacifique-Pâques et Paci fique-Nuea (le mouvement relatif est comptl! par rapport à la deu.ti~me plaque 
cilte) calcults à panir des pOlcs du Tableau l , Projection MercalOr. 

is made up of a ser ies of left laierai offscts and the 
morpholo gy here may be indi cativ e of either 
di sconlinuous no rthwes le rly ridge propagation (Ihe 
horsts to the N and E of the Pilo Deep representÎng Ihe 
propagaling rifl pseudofaults) or nonhweslerly ridge 
jumping_ The nonhemmost rift ax is leads westward 10 a 
shon . low relief. purely E-W righi-laIerai strike-slip 
zone, belween 112~O'W and 112°47' W, which marks 
Ihe begi nnin g of the Pito Tran s fonn Zone. Wesl of 
1 12°47' W. Ihis Iransfonn zone lurns 10 Ihe SW and is 
preseO! as an elongalcd ridge which increases in heighl 
wes lw ard , Belween 11 3°20' W and 114°20 'W, Ihe 
transfom1 zone lurns 10 275°. and is present as a series of 
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NW-SE oriemated en-echelon ridges. This emire ridge 
syslem is Ihought 10 be controlled by translational as 
weil as compressional motion; the compressional motion 
augments and tums to a more N-S direction loward the 
wesl. as indicated by the increase in relief and the change 
in trend of this relief, to the west. This transfonn zone is 
inlerpreted as being bounded by thrus! faults to the south 
and by righi-laierai slrike-slip faults on the SW side of 
the en-echelon highs (Fig, 4). WeSI of the Pito Transfonn 
Zone, 3123°02,5'5, l14°3 1.5' W, lies Ihe RFF Pacific
Nazca-Easler Iriple j unclÎon. A fractu re zone or faull 
zone. trending 225° lies south of this RFF triple junction. 
near 23°18'5, which separates N-S SlruClUres 10 the nonh 



from NE-SW st ru ctu res to the south. A rapid 
morphologie and tectonic change is observed across the 
P it o Transforrn zone at lI 4 °20'W. Several new 
boundary configurations for this triple junction region 
have been suggested by Zukin and Fmncheteau (1990), 
including (Fig. 4): 
• a small NW microplate block, bordered to the south by 
a left lateral tmnsfonn fau lt, and to the east and west by 
r ifts. implying a second RFF triple junction near 
23°05'S, 11 4°20. 25'W; 
• extension of Ihe EPR 10 lhe south in the past; 
• an old fracture zone existing to the south of the present 
triple junction. 

THE SOUTHERN BOUNDARY 

The soulhem rnicroplate boundary. delimited by area 2 
(Fig. 1) is generally characterized, from west to east, by a 
series of left-Iaterally offset spreading centres, a rigbt
laterally slipping, teclonically cornplex, transfonn zone, 
and an overlapping spreading centre (OSC) (Fig. 4). In 
detail, to the west we observe a large, "V-shaped" (in 
plan view) ridge system, with an eastward pointing tip 
near 26°45'S, 11 4°1O'W, whic h separates younger 
oceanic crust between the ridges from older oceanic crust 
10 the nonh and south of the ridges. The valley noor 
between the two "V-shaped" ridges is characterized by a 
series of left-Iaterally offset graben (bounded by NW-SE 
en-échelon normal fa ults), sorne of which have been 
interpreted as active rifting sites. The "V-shape<!" ridges 
may be indicative of a southward propagating western 
ri ft (t hey may represent the pse udofaults of th is 
propagating rift). T he easternmost r ifting site, at 
26°46'S, 11 4°50'W, gives way to a r ight lateral 
transfonn fault which runs along the sOUlhem side of the 
southernmost ridge, localed near 26°50'S, 114°35'W. 
Shear structures observed 10 the NE of Ihe eastcmmost 
rifl ing site, near 26°3S'S, 1 14°SS'W, may possibly be 
indicative of a developing transfonn boundary or overlap 
region, and a developing rift ing site to the NE of the 
cu rrently active r ift, near 26°30 'S, 114°4S'W. At 
26°4S'S. 114°IO'W, Ihe "V-shaped" ridges coalesce into 
a s in gle, complex r idge system, wh ic h curves 
dramatically to Ihe SSE, loses heighl quickly easlward, 
and is thought 10 he dominated by right-Iateral strike-sl ip 
mOlion. Easl of Ihis ridge system (east of 113°25'W), the 
southern Pacific-Nazca-Easter triple junction region is 
generally characterized by low relief, and consists, to the 
weSI, between I I3"OO'W and 113°30'W, of a series of 
ridges and depressions and, 10 Ihe east, centred near 
26°S0'S, 1 12°S0'W, of a large, N·S t rending, 
overlapping spreading cen tre (OSC). Three poss ible 
boundary configurations for this triple junction Tegion 
have been proposed by Zukin and Franc he teau 
(199OXFig. 4): 
• a RRF triple junction, localcd al 26°50'5, 113°00'W, at 
the intersection of the western ose branch to the east 
and a tectonically complex, righ t- Iaterall y slippi ng 
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transfonn boundary, containing compressive as weil as 
strike-slip fau lt boundaries, 10 the west; 
• a right laierai transform boundary extending south 
along the large SSE cu rving ridge, nea r 26°SS'S, 
113°3S'W, and consequently an unidemified triple 
junction, located somewhere south of27°2S'S; 
• a wide zone or "wedge" of defonnation, bctween the 
Pacific, Nazca, and Easter plaies, centred near 2rOS'S, 
113°IS'W. 

TEST OF PACIFIC-EASTER AND NAZCA
EASTER INSTANTANEOUS EULER POLE 
LOCATIONS 

On the basis of our detailed tectonic and geophysical 
info nnation along the northem and southem microplate 
boundaries, we can use IWO methods ta make a test of the 
most rece ntl y calcul ated ins tantaneous Eu ler pole 
locations for the Pacific·Easter and Nazca-Easter plate 
pairs (Naar and Hey, 1989). T he ficst, and mo re 
qualitative, lest is to compare, at various locations, the 
defonnational regimes (extension, strike·slip motion, or 
compression) predicted by the Euler pole locations (and 
locations of the Iimits between Ihese regimes) wÎ!h Ihe 
defonnational regimes interpreted on the bas is of our 
new plate boundary configurations. The second and more 
quantitative test, is to test acc retion raies by making 
precise comparisons between our magnetic data profiles 
and magnetic modcls which have been calculated (using 
Naar and Hcy's (1989) instantaneous Euler pole 
locations) al the specifie point where these profiles cross 
the spreading rift axis. 

Naar and Hey (1989) ealculated instantaneous Euler pole 
locations for Ihe Pacific, Nazca, and Easter plates, using 
two differen! inversion mcthods. One set of poles is 
calculated using thrce plates and requires closure for the 
three rotation vectors; the other is calculated using only 
data involving the two plates concemed. These authors 
found that the IwO sets of pole locat ions were ve ry 
simiJar, suggesling that the microplale is behaving in an 
essentially rigid manner. In this study we test the validily 
of the Ihree-plate-closure pole locations. 

The Nazca-Eastcr insta nt aneous Eule r pole was 
detcnnined by Naar and Hey (1989) using spreading 
rates estimatcd from seven magnetic profiles across the 
Eas ter microplale eastcrn rift, at latitudes betwccn 
26°48'S and 2Sooo'S. The Pacific-Easlcr Euler pole was 
computed using six magnetic profiles along the Easter 
mieroplate western rift, at latitudes belween 23°48'S and 
26°24'S, and one magnetic profile which crosses the axis 
at 22°36'S, 114°29'W, TheÎr ealculalion also included 
four transform azimuths, located along the nonhcm pan 
of the western rift, which werc obtained from Seamarc fi 
data (Hey and Naar, 1987), and fou r slip vcetors along 
the SW ri ft, derived from earthquake f irst motions 
(Engeln and Stein, 1984). The Nazca-Pacific 
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Table 1 

L«ation of N(UJr and IIcy's (l989) irmamaneous Euler Nazca·Pacifir:. Nazca-Eas/er. and Pacific ·Eas/er pla/e·pair·pole loca/iollS. angular rota/ion of 
plate·pair·poles (degrees/Ma ). and "ec/Ors cu/culo/ed from /hese poles (centime/res/a. diru lion offirsl plate ",oving wilh respeci 10 second plaie. in 
degrus [rom IIOf/h ). Chosen ploie bouncWry points ore indica/ed numericoUy. points olong miJgnelic profiles. Uli/iud in magne/ic modelling. ore 
indicO/ed wilh on ··M·'. The pole posirions/ol/ow the con"ention of u PiclriJn el al .. /973. 
Posi tion des pôles Eulériens inslantanés, Nazca-Pacilique. Nuca.·Pâques el Pacifique-Pâques (rotalions angulllÏles en degrés/Ma). VeclCurs - viteSse 
calculés à pattir de ces pôles (module cn cm/an, direclion en degré$ par rapport au Nord. Les points eourants sur les frontières sonl numérotés, les 
poillls sur les profils magnéti!.jues utili sés sonl anootés avec la lenre M. La position des pôles suit la convention de Le Pichon e/ al. (1973). 

Data LalÏlude 

Nazca-Pacific Pole: 46.77 

Vectors: 1 -22.50 
2 -22.83 
3 -27.33 
4 -28.17 

Nazca-Easter Pole: -22.49 

Vectors: 1 -23.33 
2 (MI09) -23.17 
3 -23.00 
4 -22.83 
5 -22.80 
6 -22.80 
7 ·22.83 
8 -22.95 
9 -23.04 
\0 -23.07 
Il -23.14 
12 -23.14 
13 -23.07 
14 -26.17 
MI14 -23.14 
MI16 -23.10 
MI1 8 -23.07 

Pacific-Easter Pole: -27.77 
Vectors: 1 -23.05 

2 -26.33 
3 -26.76 
4 -26.86 
5 -26.67 
6 -26.79 
7 -26.83 
8 -26.94 , -27.28 
10 -26.83 
M26 -26.35 
M30 -26.41 
M32 -26.55 

instantaneous Euler pole was calculated using twenty
five magnelic profiles, s Îx transform azimut hs and 
siX leen earlhq uake s lip vectors, a long the EPR, al 
latitudes between 3°42'$ and 31 °24'$. 

To qualilat ively te st the ins tantaneous Euler pole 
locations, we have calculaled relative motion vector.; for 
the Ihree plaie pairs at points along our new pl aIe 
bou ndaries. These vectors (relalive mOI ion raie and 
relative motion direction), and their locations, are given 
in Table l , and are s hown plotted in both the 
mo rphoteclOnic maps (Figs 2 and 3) and in the 
mieroplate boundary configuration map (Fig. 4). It may 
be seen that, along the northem microplate boundary, the 
Nazca-Easter instantaneous Euler pole implies extension 
east of 112°20'W, a change to strike-slip motion at Ihis 

Longitude 

-91.76 

-114.47 
-114.50 
-113.05 
-112.91 

-112.41 

-JI 1.5 
-111.78 
-11 1.9 

-112.20 
-112.39 
-112.55 
-1l2.n 
-113 .00 
-1 \3.22 
· \13.50 
-113.79 
· \14.08 
-1 14.33 
-1l 2.61 
-11 1.82 
-111.84 
-111.86 

-1\3.98 

· 114.61 
-115.40 
-114.83 
-114.50 
-114.33 
-114.17 
-113.80 
-113.55 
-113.50 
-113.27 
-115.38 
-115.32 
-115.21 

Angular ROlalion (dcglma) 
or Re1alÎve MOlion Rate 

(cm/a) 

1.463 

15.5 
15.5 
15.8 
15.9 

14.99 

33.4 
2.6 

41.9 
1.1 
O., 
1.0 
1.3 

2.11 
2.7 
3.4 
4.2 
4.' 
5.4 
10.7 
2.5 
2.3 
2.2 

14.60 

13.42 
5.4 
3.6 
2.' 
3.2 
2.8 
2.7 
2.6 
1.8 
3.2 
5.4 
5.1 
4.6 

Relative 
MOlion 

Direction 

106 
106 
lOS 
lOS 

46 
49 
49 
60 
82 
114 
130 
40 
144 
ISO 
153 
157 
162 
93 
50 
49 
49 

63 
229 
223 
243 
254 
260 
280 
295 
311 
304 
229 
229 
228 

location, a short (approx imatc1y 20 km long), pure E-W 
strike-slip zone (from 11 2°20'W 10 112°30'W). and 
further to the west, increasing compressional motion 
which trends closer 10 N-$ towards the west. Along the 
southem microplate boundary, the Nazca-Easter Euler 
pole localion predicts extension aeross the Nazea-Easler 
ridge axis and aeross the northem branch of the OSe. 
These observations indicate that the Naar and Bey ( 1989) 
Nazca·Easler instanlaneou s Euler pole location is in 
good agreement with our data. 
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Along the soulhem microplale boundary. the Pacific
Easter Euler pole location implies extension across Ihe 
SW rift axi s, turning 10 pure ri ghi-la ierai strike-slip 
motion near lI4°20'W. Across Ihe proposed future 
rifting sile, located 10 the NE of the CUITent rift ax is. 



extensional elements are predicted eastward up to 
114°10'W. East of 114°20'W, the pole impli es 
principally s trike-slip deforrnation along our plate 
boundary as far as 113°35'W, east of which the plate 
boundary location is poorly constrained. AJong our E-W 
mixed compressional and ri g ht-Iateral strike-sl ip 
Iransfo rm boundary, the Pac ifi c-Easter Euler pole 
implies compression to Ihe SE and NW-SE orientaled 
righi-laierai strike-slip boundaries. AJong the NNW-SSE 
Irending righi- laierai transform boundary, located 
approximately along 11 3°30'W, rotation about the 
Pacific-EaS ler Euler pole would lead to NW-SE 
orientated righl-Iateral s lip. Looking al Ihe northern 
mi croplate bou ndary, the Pacific-Easler Euler pole 
implies E-W leCt-laIerai strike-slip mOlion across the 
hypothesized left-Iateral transfonn fault found west of 
the RFF Pacific-Nazca-Easler northem triple junction. 
Ali of these prediclions appear to agree weil with our 
boundary configurations along the southem and northem 
microplate boundaries, lending support to the Naar and 
Hey (1989) Pacific-Easter instantaneous Euler pole 
location. 

To make our more quanlitative magnetic modelling test, 
we first tum 10 the magnelic anomalies collecled over the 
Pilo Deep area (Fig. Sa). As a firsl step, we have made 
idenlifications of the magnctic anomalies in the area by 
comparing the data profiles with a standard theoretical 
profile, calculated using the Naar and Hey (1989) Nazca
Easter instanlan~us Euler pole. Each of these profiles 
has becn projccted to a theoretical spreading direction, 
calculated for the poinl of intersection of each magnelic 
profile with the supposed rift graben centre. A similar 
process was followed (usi ng the Nazca-Pacific 
instantaneous Euler pole of Naar and Hey, 1989) for 
identification of magnelic anomalies to the nonh of the 
rifl graben in this area, in order to ob tain a clear 
distinction betwecn the anomalies in the south, created 
by the Pito rift, and those 10 the north, created by the 
EPR. Details of Ihese identifications can be found in 
Zukin and Francheteau (1990) , and Ihe results are 
illustrated in Figure 5a. We see that the central anomaly 
has been clearly idenlified in the southem Pito Deep 
area, and the possible identification of anomalies 2 and 
2a to Ihe cast and anomaly 2 to the wesi of Ihe central 
anomaly. To the nonh and cast, anomalies 2a and part of 
anomaly 3, created on the Easl Pacific Rise to lhe oorth 
of the Easter microplale, have been identified. The 
change in trend between these anomalies allesl 10 the 
validÎty of our interprelation that they originated at 
different rifting sites. 

Since ou r aim is to test the Naar and Hey (1989) 
Înstantaneous Nazca-Easter Euler pole, we shall now 
compare the precise form of the cent ral anomaly 
idenlified on several of the southemmost of these data 
profiles, wÎth the fonn of a modelled central anomaly. 
Four of the profil es (MI09, M114, M116, MilS), 
projected to the calculatcd spreading direction (Tab. 1), 
are illustrated in Figure 5b, along with two mode! 
profiles. one calculated for profile MI 09 and the other 
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for profile M 11 8. We sec that the fonn and width of the 
central anomaly in data profile MI09 agrees weU with the 
calculated mode\. The location of anomaly 2 is oot the 
same for the observed profile and the model, but we 
consider this of lillie importance to our test, since we are 
testing an instantaneous pole. This observation may 
indicate Ihat the spreading rate here increased rapidly 
between 2 ma and 0.7 ma. ln comparing the data profile 
MIl8 10 the model profile, we see that the fonn of the 
central anomaly is Jess clear here than funher to the 
south. If our chosen Brunhes/Maluyama boundary 
locations (as depicted in Fig. 5b) are correct, the width of 
the central anomaly is considerably greater in the data 
profile than in the model profile. This indicates a greater 
instantaneous spreading rate here than predicted by the 
Naar and Hcy (1989) Nazca-Easter .instantaneous Euler 
pole. The locations of anomalies 2 and 2a agree well with 
the model profile. These observations along data profile 
Mil S indicate, as in profile MI09, that there has becn a 
rapid increase in spreading rate between 2 ma and 0.7 ma. 
The observation thal the central block widens to the the 
nonh in the data profiles and narrows ID the nonh in the 
model profiles is puzzling, as it may suggest that the 
Nazca-Easter instantaneous Euler pole lies to the south of 
the Pilo Deep area, rather Ihan to the north. Il must 
however be taken into account, when discussing changes 
in spreading rate and/or pole position, lhal the magnetic 
signature in this area could weil have becn disrupted by 
tcctonic complicalions such as ridge propagation, ridge 
jumping and/or asymmetric spreading. 

We tum now to the magnetic anomalies coUccted over 
the SW rifl, in order 10 test Naar and Hey 's (1989) 
Pacific-Easter inslantaneous Euler pole location for this 
region (fig. 6a). Zukin and Francheteau (1990) modelled 
data as for the Pito Deep area in order to idenlify 
magnetic anomalics Ihere (Fig. 6a). To the west, the 
central anomaly has been clearly identified on the first 
three profiles. The Brunhes/Matuyama boundary is 
observed to extend eastward on the south side of the 
central anomaly, to profile M48, and is characterized by 
several left-Iateral offselS. The three profiles on which the 
central anomaly has becn observed (M26, M30 and M32) 
have becn projecled 10 the theoreLical spreading direction 
(calculated for the point on that profile which traverses 
the spreading axis. Tab. 1), and are depicted in Figure 6b. 
Two model profil es are shown in figure 6b, one 
calculated for profile M26 and the other for profile M32. 
We sec that the fonn and width of the centrai anomaly for 
ail three profiles generaUy agree wel1 with the modeled 
anomalies, bul in detail, the central anomaly of dala 
profile M26 appears 10 be slightly narrower in the mode!. 
These observations may indicate that the instantaneous 
Pacific-Easter Euler pole of Naar and Hey (1989) could 
be localed slightly further to the east. 

The results of our qualitative and quantitative tests of the 
Naar and Hey ( 1989) instantaneous Euler pole locations 
for the Nazca-Easter and Pacific-Easter plate pairs 
indicate that these pole locations are, in a general sense, 
acceptable. They accuralcly predict our new plate 
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Figure 5 

/J. M/Jgnt~liç profiles for /M Pi/o Detp area. in geagraphie frame. profiles projeeled nor/ho Dashed Ijnn : magne/ie anomaly idenlifiea/ions of Zuki.n 
and Franeheteall (1990). !.acutians ofmagnelie profiles used i" modefjj"g are indieattd. Merea/or projectian. 
b.Magnelic daJa profiles MI09 , M/I4 , Ml/ 6, Mll8, projected la sprwt1ing direction. /J!i ca/cu/a/ed [rom /lle poilll .... here tlle magnelle profile crosses lhe 
spreuding rift cuis. and uri/iûng lhe Naua·&mer inslantaneous Euler ~e of Naar (.Ind Hey (1989). AllO slw .... n are magne/ic mode/s calcuJaledfor profiles 
MI09 and Ml/B. using: compu/ed spreading ftUe and direc/ian (Tab. /): depth model of p(.Irsons and Sc/aler (/977) • ... ·ilh ridge w:is al 3 km tkplh: asswned 
.)"mmt/ry in spretJding: cOllUlmifIDlionfaclor of 0.7 (Tustau IJnd fIJlrial./98/ ). Daslltd lines represtnJ magne/ic arwmaty markers of/he model profiles and 
idenJifictUions alon, lhe da/a profiles (Zukin and Franche/eau. 199Q). 
a. Profils magnéu'Iues de la région du fossé de PiIO. Les profils som projetés vers le Nord. Les lignes poinlillées montrent les idenllfications 
d'anomalies magnéllques de Zuk.in el Franchell:au (1990). les profils urihsts pour la comparaison avec les modèles som annotés. Projeclion Mercator. 
b.Proms magnétiques MI09, Ml14, Ml16 el MI18 projclés dans la directioo d'ouvertuœ Nazca-Pâques caJculée au paint où chaque profil coupe l'axe du rift 
d'aprts Je pôle eulérien instantané Nazca·Pâques de Naar et Hey (1989). On rnonlre 2 modèles m.apx!liques pour la posilÎOO des profils M 109 et M 118 
caJculés avec les paramhrcs suivllllts: taux et direclion d'ouvertuœ d'après le Tableau 1. prof()lldeur d après le rTl()dtle de Parsons et Sclaler ( l m ) ave<: une 
profondeur 11 l'axe de 3 km. acaétioo symtuiquc. facteur de C()I11olmination 0.7 (voir TIS$C.1U et Palliai, 1981). Les lignes poinlillées cooêlem les anomalies 
des modèles cl des profils observés (Zukin el Francheu:,au, 1990). 

194 



TECTONIC lEST OF EASTER MICROPLATE KlNEMATICS 

+ 

+ 

+ 

+ 

l,'lO '1 

Figwe6 

+ + + + + + + 

+ 
[,+ 

+ + + + 

1 + + + + + + 

, , OfOOf"L " " ,. 
" 

, • , 
" = Cl 0 0 Cl , , , 

" . 
• f.. ~:0-

-..../-'-.. ----~ /: '-f ~ 

[
:, --- : - i l 

1 Il .. , 
,oo,n , 

.~ 

, 
Cl 

, 
1 WOOfL "J~ 

, 
o 

, , 
Cl 

II l'10 W 

+ + 

+ + 

+ + 

+ 

+ 

+ 

,. 
= 

. 0 

." 

. 0> 
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axis, and lUiliw.$ lhi! Pacijîc·EaJur ÎnsUVlltJlll!OUJ EWl!r po/I! of Noor and Ilcy (lm). Magfll!oc motkls .' poilllJ along profiits M26 tJJJd MJ2. us/ng: 
campuJtd ""tading r(Jit tJJJd dirtC/ion (rab. 1 J: œplh motkl ofPanoflS tJJJd ScJaur (1977). wilh ridgl! axIJ al J bn. dttxh: assWPll!d sywJmI!/ry in spnading; 
COfIJamillalÙ)ll /aclor 0/0.7 rrWtau tJJJd PatrioJ. 1981). Dashi!d Ijnts rtprtU1II magfll!tic 0NJmaIy ntal'hrJ of lhi! motkl P'of'du and idtlllijicaJionJ along /he 
datD profilu (âhn tJJJd FrancMuau. 1990). 
1. Profils magnt'tiques de la rtgiorl Sud-Ouest. Les profils!lOllt projet& vers l'Ouest. Les lignes pointil~ : identiflCWONi d'anomalies magnétiques de Zukin 
et FrI,II(:he\eau ( 1990). Les pror.Js util ists pout la complllison av« les ~Ies sont annotb. Projection MefalOr. 
b. Profils magnt!ûqoes M16,M30.M32 projetés dans la direction d'oovcrt\lle PaciflQuc·PAques calculée au point où chaquc prom coopc l'axc du rift d'apib Ic 
pOle cuk!ricn instanlalM! PaciflQue-PAqucs de Naar ct Hcy (19S9). 2 ~Ies magnéûqoes : position des profils MU ct M32 calaJ l~ pout les ~lR:$ 
suivants: taux ct direction d'ou~rtun: d'aprb le Tableau l , profondeur d'aprês le ~~k de Parsons ct SclalCT (lm) IVec une profondeur 1 J'axc de 3 km, 
ac:crEtioo (.l~triquc. facteur de eonwnination 0.7 (T1SSeIlJ ct Pauiat. 1981). Les lignes pointiuœs OCIIlCècIcnt les anomalies des ITIOdtkri ct des profils 
obscN~ . ct Franchcteau, 1990). 
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boundary configurations and the general fonn o f the 
central anornaly. Sorne disagreements arise when the 
magnetic data and magnetic models are comparcd in a 
precise manner, especially for the Nazca-Easter plate
pair Euler pole. This may he due to the lack of magnetic 
data nonh of 25°()()'S, ulilized in Naar and Hey's (1989) 
inversion for the Nazca-Easter pole, indicating the need 
to co llec t additional data a lo ng th e mi c roplat e 
boundaries . Alternative ly, problems in the magnetic 
modellîng may arise due 10 tectonic complications in the 
areas studied, as discussed previously for the Pito Deep 
arca. We therefore tend 10 give more weight 10 our more 
qualitalive lesting methods. 

DISCUSSION OF M1CROPLATE MODELS 

We tum now to a discussion of our observations with 
reference to the recently proposed kinematic microplate 
model s of Engeln et al. ( 1988) and Schouten el al. 
(1988a and b). Engeln el al. ( 1988) introduced IWO 
kinemalÎc microplatc models. one for rigid behaviour, 
and the other for a zone of simple shear. Their ri gid 
microp late model s ugge sts that the microplat e is 
bordered 10 the east by a propagating, growing ridge, and 
to the west by a propagating, dying ridge. The rnicroplate 
Euler pole s lie c lose to the northcrn and southern 
boundaries. As a result of this geometry, the microplate 
rotales clockwise in time, and the southem transforrn 
boundary evolves into a slow, obliquely spreading centre. 
In Ihis mode! , the re lative motion across the southem, 
dying ridge changes direction in lÎme. Engcln et al. 
(1988) sugges! that Ihis change could be accommodated 
in severa! ways: 
• transforms may rcorient in order 10 remain paraUe1 to 
the relative motion; 
• or ridge s may propagate and die 10 mai orain a 
continuous boundary, while spreading obliquely. 
These authors also suggeSI that ridge segments rnay 
reorient to allow orthogonal sprcading, or that transform 
boundaries may acquire extensional or compressional 
component s of motion , and suggest that thi s 
reorganization may disrupt the tectonic and magnetic 
signatures of the SW spreading reg ion. This modcl 
predicts Ihat when the southernmost point on the western 
ridge ceases to spread, the soulhem boundary will begin 
10 migrale nonhwards. Il also suggests that the nonhem 
boundary is dominated by compressional defonnation. 
ln the simple shear model, the rcsponse to differential 
spreading between the growing and dying ridges is taken 
up by pervas ive simple shear. which is paralle l to the 
spreading direction. as opposcd to rigid rotation of the 
microplate. 

The geometry of the IwO model s is similar, bu t the 
predicted evolu ti on o f the nort hern and so uth ern 
boundaries shows large differences. In the case of the 
shear mode! , both of these boundaries rernain transfonns; 
motion ac ross the initi a l so uthern tran sform zone 
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decreases with lime, while Ihat on the nonhem boundary 
Încreascs with time, until it becomes a transfonn between 
the two large plates, and the shear zone vanishes. In the 
case of ri gid rotation, the boundaries are characlerized by 
complex and rapidly evolving defonnalional structures: 
in gcneral, the notlhern boundary primarily con tains 
components of compressional defonnation. while the 
southem boundary is characlerizcd by oblique extension. 

Ou r observations suppo rt the ri gid plate mode! and 
oppose th e shea r mode! o f Engel n et al. (1988). 
Evidence that the nonhem and southem boundaries of 
the microplate are not simple, strike-slip transfonn wnes 
refutes argumenls for the shear model. In support of the 
rigid plate model, we sec comprcssional deformation 
a long the northern boundary, and wc are in general 
agreement with the Nazca-Easter and Pac ific-Easter 
plate-pair Înstantaneous Euler pole locations of Naar and 
Hey ( 1989), which lie close 10 the mîcroplate boundaries. 
The NE-SW fabric observed on the microplate inte rior 
(Hey et al. , 1985; Searle et al., 1989) may also be 
indicative of rigid rota tio n of the microplat e (fir st 
suggested by Hey et al. , 1985). Although we see no 
stro ng tectonic evidence fo r oblique sp reading, 
reorientation of transfontls, or propagatÎng rift segments 
along the SW rift, we suggest that oblique motion along 
this rift is taken up by reorientation of ridge segments, as 
is evidenced by a dis rupted magnetic signature and 
frequen t, contemporary ridge offsets (or overlaps) which 
often differ in offset length from thei r res pective 
Brunhes/Matu yama offsets (Zuk in and Francheteau, 
1990). We also have made observations which agree with 
the idea of Engeln et al. (1988) Ihat. in a rigid rotation 
model, transform motion along thi s boundary may 
acquire compressional and/or extensional elements. Il is 
impo rtant to note that altho ugh our co ntemporary 
observations support the rigid plate mode! of Engeln el 

al. (1988), this docs not indicate that the microplatc has 
always bchaved as such; it may have been dominated by 
shear behaviour in the pasto 

The kinematic microplate model proposed by Schouten et 
al. (l988a and b) assumes rigid behaviour and suggests 
that mieroplate motion can be described by steady 
velocity of a point and rotation about that point (second 
order motion), so that the geomelry of Ihe microplate 
system resembles that of a ball bearing. Thi s model is 
similar tO the rigid plate model of Engeln et al., ( 1988). 
Schouten el al. (1988a and b) propose thatthe microplate 
Euler poles lie precisely on the microplate boundaties, at 
the tip of the northem and southem propagating ridges. 
The Euler pole locations are the unique points where 
there is no relat.i ve movement of the microplate with 
respect to the larger oceanic plates, and are also the points 
where extension changes to compression al ong the 
microplate boundary. These Euler pole locations move 
with a velocity equivalcnt to that at which the microplatc 
rOlates about a microplate rotation pole located near its 
center, thus implying propagation of the eastem and 
western rifts, leaving characteristic "pseudofaul t" traces. 



We find that there is quite close, but not rigorous 
agreement, between the model of Schouten et al. (1988a 
and b) and our tectonic interpretation. As an example, we 
believe that the microplatc Euler rotation pales do not lie 
precisely on the microplate boundaries. Our observations 
s uppo rt the Nazca-Eas te r and Paci fic-Eas te r 
in stantaneous Euler pole locations of Naar and Hey 
(1989), which lie approximately 75 km south, and 25 km 
nort h of the plate bou ndar ies, respectively. If, as 
Schouten et al. (l988a and b) predict, the NE and SW 
rifts are propagating rifts and the horsts in the Pito Decp 
area, as weil as the high "Y" shaped ridges in the SW rift 
area, represent "pse ud ofa ults", we note thal Ihei r 
configumtions (especially in the Pito Deep area) do nOI 
match weil with the "pseudofault" configuration shown 
in their mode!. Although the Schouten et al. ( 1988a and 
b) model does not hold in a rigorous fashion to our 
obse rvatio ns, it does help to ex pl a in the general 
geometry and leclOnic character of me microplate, and in 
this sense, il, together with the Engeln et al. ( 1988) rigid 
plate model, are impo rtant s teps in he lping us to 
understand microplate kinematics. 

CONCLUSIONS 

The primary aim of the Rapanui expedition. part of the 
"Tour du Monde" of the research vessel NIO Jean 
Charco t , was to co llect de tailed s tru c tura l and 
geophysical data along the nonbem and southem Easter 
microplale boundaries . in order 10 leSl, in a rigorous 
manner, the propased plate boundary configuration of 
Hey el al. ( 1985) and thc most recenl hypotheses 
conceming the kinematics of the microplate, including 
the inSlantaneous Nazea-Wler and Pacific-Easter Euler 
pole locations of Naar and Hey (1989) and the shear and 
rigid microplate models of Engeln et al. (1988) and 
Schoulen et al. (1988aand b). 

We have found that the configu ration of the plate 
boundaries differs considerably from that suggested by 
Hey et al. (1985). The northern and southern boundaries 
are characterizcd by complex defonnational structures. 
particularly at the nonhern and southern triple junctions. 
The northern boundary is dominated by compression and 
right later.ù shear, particularly to the weSI, and leads to 
ex te ns ion in the eas t. The southern bou ndary is 
dominated by extension, particularily to the west, leading 
to right lateral shear and compression to the east. The 
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northern microplate boundary is characterizcd. from cast 
to west, by a ridge-transfonn intersection, a short E-W 
strike-slip zone, a transfonn zone under the influence of 
compressional defonnation, and a complex RFF (ridge
fault-fault) Pacifi c-Nazca-Easter triple junction region. 
The southem microplate boundary is characterizcd to the 
west by a large "V-shaped" (in plan view) ridge system, 
separating younger oceanic crust belween the ridges 
from older oceanic crust to the north and south of the 
ridges. To the cast this boundary is characterized by a 
low-relief, but tectonically complex, area containing a 
large overlapping spreading centre (OSe) and a RRF 
Pacific-Nazca- Easte r triple junc tion. Alt hough our 
detailed bathymetric data, as weil as recenl GLORIA 
data covering the Easter microplate (Searle et al., 1989) 
may suggest that the NE and SW rifts are propagating 
rifts, additional constraints from magnetics over the 
length of the eastem and western microplate rifts will he 
needed to substantiate this. 

We have found that our data agrcc fairly weU with the 
Nazea-wter and Pacific-Easter instantaneous Euler pole 
locations of Naar and Hey ( 1989). We have also found 
that our observations in gencrai show agreement with the 
rigid microplate models of Engeln et al. (1988) and 
Schouten et al. (1988a and b), with the exception that the 
relative motion poles need not he locatcd precisely on the 
plate boundari es, and appear to preclude the shear 
microplate model of Engeln et al. (1988). The indication 
from these models that the Easter microplate is currently 
behaving as a rigid plat e ( it may have had shear 
behavÎour in the past), is in agreement wilh the findings 
of Naar and Hey (1989) that their three-plate-closure 
instantaneous Euler pole locations are c10sely coincident 
wilh their two plate pole locations. 
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