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M:mned submers ible observatio ns o n ri transcc t (rom the axis o f The East Pacifie Rise (21"N) 10 
the af CU of the Brunhes-Matu yama magnet Îc inversion werc made during the Cyamex and Rist 
diving phases of the Rita project. In the nOrlhern pari of the stud y lu ca. axial. linca r . 400 10 
600 m-widc IOpogmphic highs are fo rmed by re latively unfaulted fre sh pillow-Iava·flows 
(zone 1). Flanking the axis of reccnl volc;tnism is a 1.200 10 1.500 m-wide zone of highl y 
fractured volcanic hill y te rra in Ihllt represents the main region of extension as expressed on 
the surface (zone 2). In the soulhe rn pa rt of Ihe s iud y a rea, the volcanic highs of zones 1 a nd 2 
a re rlooded by fluid lava flows formi ng a gentle topogntphy. In bot h a reas, this centra l pan of 
Ihe Risc is bordered by o Ulward· lilted flau ish blocks that are mai nly fo rmed by fluid lavas. 
Th is zone, zone 3, could represenl a fo rmer, large floodi ng episode of the sea floor tII the axis 
of the Rise. TeclonÎC ac ti vily is particularly evide nt in zone 2, decreases rapidl y across s lr ike, 
a nd vf!nishes 12 km from the a ", is o f the East Pacifi c Rise . The morphology of the Eas t Pacifk 
Rise is contro llcd by normal faultin g. :Ind by the re lat ive ' Ibunda nce of flu id lavas and 
pillows- I ,l v,, ~ which a re emplaced al the axis of the Rise . The differing types of volcanism 
could ref lect important varia tions in magma chamber s ize o r depth o r variations in the 
inSla n!rlneOus accre tion rates along the a", is of the Eas t Pacifi e Rise. 

Ocellrwl. A c/(! . 1981 . Proceedings 26 '~ Inte rnational Geologiçal Congress. Geology of ocean!> 
~ympo~ IU!ll. l'am. 7- 17 July. 1~{). 15-.24. 

A na lyse mo rph o logiq ue e t s tru ctura le d é tai llée d e la d o rsa le ESI-Pac if iq ue. 
21 °N (proje t Rita) . 

Des obse rvations pa r submers ible habité ont été réalisées dura nt l e ~ ph,lses de plongée 
Cyamex CI Rise du projet Rita. au long d ' un tf<l nseç l all ' ln t de l' llxe de la dorslIlc Es t-Paçi fiq ue 
(21°N) à la zone d 'inve rs ion magné t ique Brunhe:s-Matuyanm . Dans la partie se ple ntrionale du 
secteur é tudié, les re liefs volcaniques ax iaux . de 400 à 600 m de la rge . sont constitués de 
co ulées de laves e n coussins, fraîches c t peu fraclUrées (zone 1). Cet axe voka nique réçe nt est 
bordé de part e t d 'autre par une zone de 1 200 à 1 500 m de huge. constituée de te rra ins 
vokaniques très fra clUres . Celle zone (zone 2) représente la région à e,,; tens io n ma,,; imum 
c,,;primée e n surface. Dans la pMlie mérid io na le du seçteur é tudié . les reliefs volcan iques des 
zo nes 1 e t 2 sonl ennoyés par des coulées de laves f luides à morphologie peu acçusee . Dans 
ces deux seCleurs d 'é tude, la partie ce ntrale de la dorsa le est bordée par des blocs à surface 
plane . fo rmés prinçipa lement de laves flu ides . c t inclinés vers J'exté rieur de ce lle dorsale . 

C"nlr,hUli"n n" 716 ,Ju Cenne Océll iluioil ique de Il rel ll" ne. 
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Cene zone (zone 3) pourrait représenter un ancien épisode d'ennoyage de la dorsale. 
L'activité tectonique est particuJiërement marquée en zone 2, et décroît rapidement dans [es 
zones plus externes pour venir mourir à 12 km de ['axe de la dorsale Est-Pacifique. La 
morphologie de la dorsale est contrôlée par des failles normales et par l'importance relative 
des laves flu ides et des laves en coussins qui se sont mises en place à J'axe de la dorsale. Les 
différents types de volcanisme pourraienl refléter d 'importanles variations de la Taille ou de la 
profondeur de la chambre magmlitique. ou encore des variations du taux d'accrétion 
instantané au long de l'axe de Ifi dorsale. 

Oceanol. Aera. 1981. ACle s 26" Congrès International de Géologie. Colloque GéOlogie des 
océans. Paris. 7-17 juil. 1980. 15-24. 

INTRODUCTION 

Oceanic r idges ea n be classificd on the basis of their rate of 
accretÎon : 

_ s low spreading cenlers (V < 4 cm per year) such as the 
Mid-Atlantic Ridge (Arcyana , 1975 : Ballard el al .. 1975 : 
Ballard , Van Andel. 1977). 

_ moderalely fa s l spreading centers such as the East 
Pacific Rise (EPR) a t 21 °North. and the Galapllgos sprea­
ding center (Klitgord. Mudie. 1974: Van Andel. Ballard. 
1979 ; Allmend iger , Riis. 1979). 

- fast and superfast ridges . such as the East Pacifie Rise 
between the Nazca and Pacific plaies (Lonsdale. 1977 a 
and b). 

Marked differences in the morphology of the various 
spreading centers exisl (A nderson. Noltimier. 1973 ; Shih , 
1979). for example betwee n the moderately fast and super­
fa~ t ridges. In this last category. the axial high is weil 
developed . The deep axial va[!ey. typieal of the slow 
spreading eenters is not encountereu in the Eas t P;lcific 
Rise. 

Morphological s tud y of mid-ocean ridges h'is recently becn 
made by s lde looking sonar (Gloria), mul!Î-beam echo~oun­
ders (Sea-Beam), as weil as towed vehicles (Deep Tow and 
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Angus). Information from these tools must be complemen­
ted by direct observ<ltions on the SCll floo r. These arc best 
made using manned submersibles. as in project Famous 
(Heirtzler, Le Pichon, 1974). With the use of such 10015, 

de taited and precise geological cross sections can he esta­
blished. Sedimentary. volcanic and structural c haracteris­
tics of the terrain trflve rsed during the dives ilppcar on such 
profiles. They can be used as " basis for comparison of 
ridges with diffe r ing spread ing rates. 

The EI'R Olt 21°N is eharacterized by a relatively wide zone. 
where the crust is less than 100.000 years old (the axial 
zone), bordered by an area with less fractures, where faults 
have a relatively constant s tr ike, and a larger verticll l offse t 
thioln in Ihe axial zone. 

Former studies of this ridge crest arca (Larson. 1971 ; 
Normark, 1976) revealed that the ax ial zone. 5 km wide, 
formed by isolated topographie highs dist r ibuted over a 2 10 
2.5 km wide band Olt the ridgc :lXb . I~ fl:lIlkcd by li 1 tO 
1.S km wiJe extensional Tcctonic zone. 

ln the framework of an international projeet (Rita). li IOtal 
of 15 dives were conducted with the French divins saucer 
Cyana in ~brch-iolprit 1978. in the axial region of the E I'R at 
21°N (Fig. 1). The general result s of this expcdition (called 
« Cyamex~) are given in Cyamex Sdenlific Team (1980) 
and Francheteau el al. (1980). A companion expedition 

o ZO~[ 1 

Fig 1 , . 

Figure 1 
LOCUlÎun of Cytlmex d;"n lU EPR 21~N. 

Locali~ation des plongées Cy:.unex-EPR 
2, oN. 



(Rise) using the submersible Alvin. focused one year later 
o n Ihe southern extension of the region explored by Cyana 
(Rise projett Group. 1980), 

The purpose of this paper is to presc nI the fine seale 
morphology and teetonics of crust accreted al a medium 
ra te spreading center us ing field observations made fro rn 
Cyana on Ihe sea floor, T he s tudy leads to a model for the 
evolution of a moderately fast sprcading center. II can be 
compared 10 s imilar s tudics eonducled on cither slow 
(A rcyan'I. 1975 ; Ballard. V'1n Andel, 1977): or muderately 
fast spreading ridges (Van Andel. Ballard. 1979). 

The observations of the shallow teetonies lInd styles of 
volcanism provide necessary conlrainsts fo r any model of 
Ihe s lruc ture <II deplh underneu lh Ihe r idge crest. 

GEOLOGY OF TH E ACTIVE TECTON IC ZONE 

The aCli ve lectonic zone extends 12 km on e ithe r .c; ide of the 
axis of the ridge. The outer western limit of the act ive 
tectonic zone was observed dUTing d ive C Y 78-17. 

Within thi .c; zone where active fa ults arc observed . a finer 
zomtl ion wus established using ot her cri teria such as the 
re la ti ve abundance of sediments . the f resh ness and type of 
lavas. and purely morphologieal characteriSlics (Cyarnex 
Sc ientific Team. 1980). We a re thus able to distinguish an 
axial zone. with marked along Slrike varia tio ns. (lnd an 
ex ternal zone cham cterized by a relativcly homogeneous 
morphology. 

Axial :mnt' 

Tire Ilort lr ertt pari of t lz e divÎlrg orea 

ln the northern pa rt of the diving area. the axial zonc hits 
been subdivided inta an extrusion zone (zone 1). and an 
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intensive ly fraclUred zone (zone 2) marked by ils horst and 
graben morphoteetonic s tyle (Fig. 2 h). 

The extrusion zone (zone 1) is limited to young voJcanic 
highs. up to 1,300 10 long. and 400 10 800 m wiùe. 

The ax ial volcanic highs (li. h, c on Fig. 2). are not strictly 
aligned a long a theore lical ridge axis. Volcanic high ( Il) wa!; 
identified during dives CY 78-03. 04 and 05 (Fig. 3). Stan­
ding bigher than ad jacenl topograpbie higbs it ro rms a 
simple dome. with a eonSI.lnt widlh o n dives C V 78·04 and 
05, but much narrower toward the south on di ve CY 78-03. 
This volcanic high disappears along strike around 20o_54 'N. 
on the sout hern branch of d ive CY 78·03. On the southern 
part o r Ihis dive (Fig. 2 B). the more recent volcanic high is 
offsel to the SE. 

This nexi axial high (b ) offset with respect to (II). widens 
southward. bUI was o nl y pot r tiall y observed a long d ives 
CY 78-06 and 08. During th is later di ve. vol canic high (b) 
was followed a long str ike over u d is t'Iflce of 900 m. Fresh 
lava. flowin g eilher to the west or the east . sugges! a 
complex geometry for these a xial vo1canic highs. chamclerÎ­
zed by steep flow fronts. Further south a long d ive 
CV 78-06 . volcanic high ( b), is only 120 m wide. T his 
anomalous width for the extrus io n zone is interpre ted as the 
southern cJosure of axial high (h), which reaches a maxi­
mum widt h of 450 m and a length of 1 .300 m. 

Di ve CY 78-02 fou nd IWO loci of fresh la va. Numerous 
flows with glassy buds were observed between 14 h 05 and 
12 h 29 (Fig. 3), on Ihe eas le rn pa rt of the axial high. Fresh 
voleanie glass disappears rapidl y tO the west (14 h 07). 
Belwee n 14 h 18 and 14 h 20 (Fig. 3) g lassy buds preservcd 
at the base of the pillow-lavas. and covered by a sedime nt 
dusting reappear. We inlerprel the presence of the Iwo fres h 
lava areas on d ive C V 78-02 as a re lay zone belween axial 
volcanie highs ( h) and (c) (Fig. 2 a). 

.. --

li: Gellerafited Cross Sel"fio,r of ErR lI ON fm'" Deep ToI!' prof Un Ulld 
selecud Cyamex di\'l'S. 
b : Cyumex tli~es lopogruphk profiles - EPR axis lI ·N. "E,r eelre/ol!" 
axial ~o/c(mic hiRIt.f urt lube/ed Il. b. c. 
li : Coupe Ilo!nérale de E PI{ 21 N réil l i~é.:: i. p<lTlir de prufih I.)eep_·t..,w cl de 
quelques plongées Cyamex. 
b: Profils copo!;rilphiques des plongé.::s Cymllex-EPR 21 ~N. L.::s ICHre, il. 
b. c correspondent :oux rdid s ~olc"n iques axbu~ disposo!s en échelon. 
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Figure 3 
Gt'ological Helio,ls (II Il,1' (ais af EPf/ 11",v (""nh e"l di";"g u,eu). 
Ver/leu! txugger(llioli .. 4. 
Cmsl"t's l/lldtr l'udl pm/il, repfl')'elll f!uid III l'as. T illdica/es wltl! 
ulld P ('o/lupsed lara laku ",arked fi)' pillars. 
AbOt" f'ach profile. fmm /Op III hUllom: 1) dil'i"g rime; 
1) pre,<e'Ke ,,/ slaining (l'er/i('ul )'Iripes); J) f .-eshlless of l'oleunic 
glass (blnck n ripes). Titre/' Slagu of glass ffl'shlluS .... l'rl' .-ecoglli~­
ni: _ cU'lli,wous black slripe.< repre.<enl shill}' gluss ulld buds. -
discmililluuu)' black l/fipes '''p,eUIi/ ureas .... illl shilly g!oss olld rare 
glu.ssy bluis prl'Sen'ed (JI tht base of pillo .. ··ba.lulrs, - oblique 
s/ripes indica/e plaet! "'here glass is alltred bUl Jocully prl'se"'ed 011 
small surfaces; 4) "Imite imporTunce 0/ sedimelll ("OI·er. {rom 
dln/illg (small duu) /Q illCftosilig /hiekllus (l'''Re JoU). SeJimelll­
eo.'ued W/IIS (Ife represellled h)' T /opped b}' dr/u. 
Coupes géologiques à l'a~e de EPR 21 "N (zone ~epten!rionale de 
plongée). EAagéralion verlicale .. 4. 
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Le~ hat:hure, ~ou, ch~que profil représentent le, lave, f!uide~. '1 
indique les talus et P les lacs de lave eHondrés soulignés par ue~ 
piliers. 
Au·ue~su~ de chilql.le profil. et ue haut en has. sont figl.lrés: 1) 
l'échelle de temps de lil plongée ; 2) la prhen~e ue colorillion, 
hyurolhermale~ (hachures verticales) ; 3) la rra îcheur du ,erre 
vokanique (b'lnche, noires). Trois stade~ de fraîcheur ue~ verre'i 
ont é té reconnus: - les bandes noires t:ontinues représentent le 
verre hrillant et le~ excroissances vitreuses. - les bandes noires 
di,continues repré~cnlenl !es zones à verre brillant et à rare, 
excroissances vitreuses pré~ervée~ à la ba~e de, cou~sjns de IlI"e. 
- les hachures obliques indiquent les secteurs où le verre est altéré 
mai~ lucalement pré..ervé ~ur de petites ~urfaccs : 4) importance 
relative de la couverture sédimentaire. depl.lis I.ln ,aupol.ldrage 
(pointillé fin) il une épaisseur croissante (gros pointillé), Les 
~édimen!'i recouvrant les l,dus ~ont repré~ell1é~ par de~ T ~urmon­
tés d'un pointillé . 



The volcanie highs are not faulled. fmcllIre s are Iimiled 10 
fis~ures {dive CV 78-03 : Fig.4}. Faults transverse to the 
main direction (N .30) of the ridge are ubiquitous in the 
region of offset of the axial volcanic highs (C V 78-02 : 
Fig. 3), or al Ihe fool of recenl volcanic highs (C V 78·05 : 
Fig. 2 band 3). Il is not demonsnated whcther the trans· 
verse faulls represenl the same teclonie regime as the faults 
pllrHlleJ to the r idge . 

The fnlctured extension zone (zone 2). 

- Morphology and tettonies. 

The axial volcanic highs a re fJ anked by an intens ively 
u::clonized zone with open fi ssures and near vertical fault s. 
resulting in a horst and gntben terrain , and cXlending 1 .2 10 
1.5 km on eit her side of the axial VOlcllOic highs. On dive 

TECTONICS OF THE EAST PACIFIC AISE AT 21"N 

C V 7K-05, Ihis zone cxhibils a s irong asymmelry in morpho· 
logy. Wcs t of Ihe axial high. the pillow·lava rrows are CUI by 
a series of faults, 30 to 100 m apltrl resulting in a hors t·Jike 
morphology . The top of the faulted blods a re cOmprised of 
well-preserved trap door and pillow.type basalls. In 
ContnlSt, cast of the axial high. fr acturing is denser. withoui 
lmy apparent vertic .. 1 offset, and none of the primiti ve 
volcanic highs arc wdl preservcd . S imiJ .. r observll iions 
were made on dives CV 78-03, 04. 06. 07 and 10 (Fig . 3 
and 4). 

Numerous lalus piles. eilher oorc or s lighlly sedimenled are 
present al the foot of Ihe walls. Near Ihe ridge axis, fre sh 
I;IJUS wilhout sediment is çommon a t Ihe foo l of both inward 
and outw;lrd flu; ing sçarps. Further ,tW,tY from the axis of 
extrus ion. talus piles presenl at the b..1se o f outwanl .f;lçÎng 

. ... _. -- : 1 : J ; , ...... ',,, , .,,, , '''.' ... , " " ., " " "! ., "" , ., , ,, . ; " 

Figure 4 

• · • 

~~"~"-- ---
e. " · 06 

." ", 

............................ , ... ,~ .......................... ~ .. -~ .. ~' 
,,·1 - l'fil''''-r,n- ,,"'f -""" 'l-='"-r----r- .\'>yry 'r , , '" - - -- ---- -

. "." ... ,'." '", 
• """ "J' " !", , 

,u , ,. »:.= .•. ,-" 
, ", ;.;"" ,'. , .. , . ; '. , 

... ...... ............. J ............... "'.;. :. 

1\~~,1'-·" 
f """""" '"'' 

" " 

' .. 
-,~ 

1;1' 18 10 

":;~' .; 'r " 

~ 

, . 
J 

........................ ,,= ........... .. ... , .!. , .. . , • • .. 

, ... 
"" . 

~ , '. , •. , .... SSE 

.'" < -,' '. 

>" "".,-'- ( 
. ... ., 

'- -, , , , , .. • , i f , q 1 1 --, - • 
.. ... ..... .. ... ............. ......... . ............. ~ 

'!,". & .. -, © -
" " 
Cl' 7 8 ·03 

Fig4 

COl1l/llele /;'f!Qlogiclllsuflm,s IlrmuMh lire C)"lIIue.f M f" , I rom Z()"~ 1 
IQ zoue J. Sallie caplim, lU" Figure J . 

Coupes géologiques ~omplèlC S :. Ir;o vers le se~leur Cymllex ue 1;0 
7.tlne l :. la wne J. Même I ~t:ellde que 1:. Figure J . 
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~carps are more and more sedimented , indicati ng a rapitl 
decay in the leclonic ac tivit y o f thcse {aults. In contrast, 
tul us assodated with inwrlrd-facing scarps. often shows 
superpos it ion of fre sh talus on top of slightl y sed imcnted 
talus. a clear indication for re newal of teclonic <lc tÎvit y 
:llong the faults . 

ln 11 region Slarling 500 m ltWay from the boundary belwccn 
zone 1 and zone 2. talus piles a re rrequently separated {rom 
udjace nt faull scarp by an open fi ssure . The presence here 
of fis~ures. is compatible with outward ti lting of the blocks 
formed near the axis of the ridb't:s. 

Within zone 2, one can diffcrentiate two SUb-lOneS; A 
purely extensional dom:ti n. where offsc ts on out ward and 
inw:trd-f:tcing {<luits arc compara ble in v<llue (Fig . .5 a). Thb 
sub-zone , approximati velY.500 m wide Îs weI! defined ca!>! 
of the axial vo!canic highs. Further away from Ihe axi ~. 
zone 2 i!> characler ized by a domain. where the offset 
soddctly increases on inward.facing faults, and where 
fis sures lue developed helwcen talus and feeder scarps. 

ln zone 2. the various topograph ie highs are deeper than the 
fresh axial vo1canic highs of zone 1. The rela ti ve uplifl of 
the faul ted topogmphic highs of zone 2, due to inward­
facini faulls is cancelted by a differential subs idence of 
zone 2 with respect to zone 1 (compare in Fig. 3. dÎ\'e 
CV 7K-05. the topographic high at 15 h 30 wi th the axial 
high). 

- Extension in zone 2 . 

.. ' 
-

ln the Famous a rea. McI)onald and Luyendyk (1 977) 
propo!;ed , on Ihe bllSis of the Deep-Tow datll. a value of 4 
and 6 percent fo r the ex ten~ ion on eilher side of the axial 
zone . The extension reaches l K percc nt o n the inner walls of 
the axial valley. The man ned submersible observatioo~ 

made by Ballard and V'ln Andel (1977), for the Mid-Atlantic 
Rid ge, lead to a 2·3 perccnt value for extension due to the 
fissures in the axial valley, The Cyamex submers ible 
observations show that the eXlension due 10 faults and 
fissures in zone 2 o f Ihe EPR is less than 10 percent. Using 
an average dip of 80 degrees for the fault ~ca rps. the 
extension is 3.6 % for zone 2 Eas t 10 Ihe ax ial ridge, and 
2.1 % West (U nterhner , 1979). The difference in extension 
may reflec t the existence of younger crus t in zone 2 west of 
the axial highs. 

The pallern of extension in zone 2 can be estimated by 
ca1c ulating the average extension over arbitmry 200 m-wide 
intervals. normal to the ridge axis (Fig. 5 b). Between 500 
and 900 m. one ca n observe a sudden increase in the 
extension ratio (.5 %). l3eyong 800 m , the rat io diminuishes 
steadil y. Three s tages of frac turing can he disti nguished 
from crUSI with zero age 10 zone 2 ; firs t , an inferred purel y 
ex tensional regime (over 90 'lé- of extens ion) in zone 1 
(Fig . .5 b). Second. an exten~ional domain with low vlt lues 
(3 Ch) within the firsl SOO m of zone 2. Finally. an extensive 
zone with higher vul ues (6 % ) where extens ion is accompa­
nied by an out ward ro tation of the blacks (til ting) (Fig. 5 cl. 

The fine scale wnHtion would he beUcr defined if the 
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Figure 5 tJ 
"fIl t diagram shows tht ,",uill/i",. of fault thro ... s in ZOlle} ; /lm 
domllins can ln distillguishtd ; - II purtl)' txttnsia,.al doma;n. 
"'htrt Ihro .. 's 0 11 out ... ard a/td in",ard-Iodng loulls llrfl Cflllrpar/lblt 
;n ,'a/ut. This sub:ont (figurtd b)' d()u) is .. ·tll dtfilled tilS/ of the 
axial "alranic highs : _ IUfllttr U"'U)' from tht axis. :ont 1 is 
d,urarltri~td b)' a doma;n "'I,ert Iht' /hro .. 's suddtn /y inutaJt 011 

;II,,·ard·facing lUI/IlS (c) and /,. 0 Insu IWlOllm ail aU/"'llrd-forin~ 
laul/.f (d). 
a: fissures; b: jll ... ard-facil1g lili/ill ; C : /Jull.'oro-/ocing loults : 
d : IrllllSi"trSt loulls . 
l'lit preStn'O/iQ" QI l'()/cullic g/aH wrd tlt~ reloti,·t impur/an(', <II 
stdimt' tI cO"er is represcnltd bel" ... fu cll dja~ram ... ;111 litt S/IIII e 
pul/ernl as ;u Figure J. 
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Le diagramme montre la variat ion des rejets des failles en .tOne 2. 
[)eux domaines peuvent être distÎniUé) : - un domainc à extension 
pure où les rejets des {ailles 11 regard interne ou e:>.terne ont des 
villelln comparables. Cette 5OU)·:.o;one (représentée par un pointillé) 
est bien dérinie 11 l'e~t des reliefs volcaniques axiaux; - cn 
~ 'é loignanT de l'axe. la tone 2 c~t caraclêrisée par un domainc ou le 
rejet des billes 11 regard interne croît rapidement. alors que cdui 
des failles à reprd e~tcrnc croit de manière plus modeste. 
a ; fissures; b : faille~ 11 regard interne : c : failles à regard externe ; 
d : failles transverses. 
Lu plus ou moins ~r3nde fraîcheur du verre volcanique et l'impor­
tance relat iv", de la couverture ~édimentaire sonl représentées )011) 

chaque diagramme avec Ic~ mèmes figun! s que ceux dc la Figure 3. 



Fiw:ure 5 b 
Diagram s showing /Ill l'oriation al txltnsion in W llt}. Tilt 
txlension auodaud wilh n/JrmullaullS is compllltJ ussu· 
min,; an 8(J" dip. 
Diagramme montrant la variation dc l'extcnsion cn zonc 2. 
L'extcnsion associée aUIl faille s normales est calculée 
pour un-e inclinaison ue 80" du miroir dc ccs rai lles . 

FiGure 5 c 
l..UWtr righ/ Inu/ : schema/ic rtprtSfn/utlun 01 /tcl/mÎt" 
proctsse$ /n axial w ne. PUrt u /ens/on is replaced i" 
Ollftrmos/ url'as hy /ill;n1(. 

Encart inUrieur droit: représen13tÎon schémntiquc des 
processus tcctoniqucs dans la zone ax iale . L'cxtension 
pure CSI prise en relais uans Ics scctcurs plus ellternes par 
un ba~ulcmcnt. 

extrus ion were in a steady state (permanent axis of extru ' 
s io n) : but good preservation of old volcanie highs west of 
the elltrus ion zone. demonstrate the non·s teady s tate nature 
of the extrusion proçess. This fine seale zonation i5 also 
locally blurred in zone 2, by sneet flow s and old lava pools 
emplaced in zone 2. An expia na tion for the origin of the lava 
pools has been proposed by Ballard et u/. (1979) and 
Franchcteau e/ ,,/. (1979). 

The axial zone in the sou/hem s/udy areu 

Alo ng dive traverses CY 78-18 and 19.60 % o f the fresh lava 
flows :He round in lava pits (Fig. 6). Along dive traverse 
C V 711-19 , the 1,200 m wide extrus ion zone is marked by 
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fig5~ 

intact la va pools (12 h 13 and 11 h 20) which can be detected 
by their roofs of lobate pillows. Along dive profile 
C V 711-18 , the smooth nearly horizontal surface of the axial 
high (between 13 h 00 and 13 h 35) compriscd of lob."lte 
pillows. could represent a large intac t lava pool . In the 
northern area studied by Cyamex. lava pools were ont y 
rarely present in zone 2, close to the alliai volcnnic high s 
(C V 78-06, 08 and 12). I n contras\, in tne soUlhern a rea . lava 
pools and sheeted lavas are widespread . and the fJow s have 
invaded both zones 1 and 2. The dives conducted during the 
Rise l'rogram, south of the Cyame ll area (Rise Project 
Group , 1980), have confirmed the lar8e southward develop­
ment of fluid lavas in the shallower southern axial zone . We 
believe that the increasing fluid -Iava to pillow flow ra tio as 
one aces south along the axis re veals 11 fundamental change 
1I10ng s tr ike in the magma tic rej!ime . 
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Figurc 6 
Gtulo/{icul CTUSS sec/ions in the suu/hem 
dil,jllg (/Tf/I . Same cup/iUII Ils ;/1 
FrRurl J. 
Coupes ,,'!'alogiqucs dans Ic seCleur 
m,!,ridional dc plongée. Même légendc 
que celle de la Figure 3. 
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The e)l: lermtl zone (zone J ) 

The a)l: ial zone if flanked on bolh s ides by OUI ward lihed 
block:.. wilh wide flanish surfaces. ThÎ:. area of monolo­
nous lopography was observed over a width of 2 km on 
either side o f Ihe ridge . 

Dives CY 78·07 and la (Fig . 4) foc used on the transi,ion 
between zones 2 and 3. Dive~ C Y 78-03 and 06. reached the 
inward-facing fa ult :.carps at the boundary bctwee n Ihe IWO 
zone!>. whcre the offset is amons the largest ob~ervc:d in the 
Cyame)l: area. The inward-facins fault scarps are arranged 
symetrically on ei ther s ide of Ihe axial zone. and show 
pillow basalts a lternating with sheeted I,jvas ,jlong the scarp. 

T hc tOp surface of the fiat and smooth lil tcd blocks i~ 

Intl Înly formed by slightl y sed imented lobate pillows. Along 
di ve tr;wcrse CY 78·07. 200 m wc SI of the M undary 
bctwee n zones 2 :lOd 3. sediments li re 40cIn thick. ,md 
lobale pillows d i~appear progress ively beneath Ihe sed iment 
eover. 

Topographie highs comprised o f pillow nows similar to 
those prese nt in zone 2. were nOI seen in zone 3. The thin 
sediment eover in this area C;jnnol account for the f1 attish 
morpholoSY present in zone 3. The s teady increase in 
sediment cover lowards the ex ternal !.One of the ridge. 
a llows us 10 rejecl lhe hypothesis of off-axis volcanism. The 
tabular morphology and Ihe large amount of lobate pillow~. 

suggesl a magma tic regime domina[ed by fl uid lavas. 

The numerous fresh talus piles present at Ihe base of the 
faul t scarps. suggest a continuous teetonic act ivity in Ih is 
J:one. In eon[ras t, outward-facing fa ults a re scarce. and 
open fiss ures :Ire freque ntly pre~en t bclwee n inward-fa cing 
faults scarps a nd talus piles. Nenr the boundary of zone~ 2 
;md 3. the fnults are sp:jced 200 m apart in a direction 
no~m,,1 to the uxis. Fnrther out. the frcqucncy of fiOul ting h 
deerensing progressively. The ex ten~ ion;11 process. seems 10 

bc concen[rated along a few fa ults in the outward most area 
of zone J. 

GEOLOGY O F T HE OUTER I NACT I VE ZONE 

A Ocep Tow profile ( K . MeDonald . pers. comm.) acro~~ Ihe 
Ea~t Pacifie Rise at 11 N. fmm the axis ln the Orunhcs-

r--
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Matuyama reversai area (Fig . 2 a) reveals IWO large o uter 
lopographic hil!hs. bounded by inward-facing fault )carp~. 

Diw CV 78· 17 was made in the area betwcen these IWO 
topographie highs (Fig. 2 a and 7 {l). Moderately ~edimented 
tal us was observed a t the fool o f the main (aults searps and 
in the depress ion belween the two h igh~ (1 2 h 47 : CY 7H·17, 
Fig. 7 a). The presence of e xposed talus in this area whe~e 

sedimen[ cover is important (a few melers). demon~trates 
very recenl teeto nie :lctivity along Ihese faul ts at a dis trt nce 
of 12 km fro m the ridge axis. The large offset 1Iiong the 
faults (up [050 ml. indiealeli a prolonged f:wll ing his lory for 
this f ragment of oceanic cru~t. 

ln Ihe Brunhes-;\Iatuyama re"t'rsal aN'a (dive traverses 
C V 78-15 and 16). the predomi nflnt inward-fadng scarp~ M C 

free of any talus (Fig. 7 b). ln this area every fnult is 
inac tive. We concJ ude that [eclOnic aClivit y extcnds al lens! 
12 km from Ihe ridge axis. in the regio n of dive CY 78-17. 
but is clearly absen[ 20 km from [he axis in Ihe reversai 
area. 

DISC USS ION 

Se veral observations made d urinS the Cyana dives are 
worth poi nt ing out : 

a) the East Pacifie Rist: at 21°N ca n be subdivided inlo an 
ac[i ve teetonic zone from the ridgc ax is \() li distance of 
12 km awtly from the aXÎs. and ;10 inacli ve tectonic zone 
beyond : 

b) thc ac ti ve [ectonic zone is characterizcd by IWO principal 
s tyles of morphology , modi fied lalcrall y by tecto nic proees­
ses: rough terrain formed by volcanie highs wit h Sleep 
pillow basa l! fl ow-fronts. domi nal ing in the norl hern Cya­
mex area and smooth tGrrain formed by fluid lavas a nd 
partia lly collapsed 13v1l pools, as in the sout hern :uialzo ne 
and in I.o ne 3 : 

d the extension due to fa ul!i ng is ,mail (less than la '/f) in 
zone 2. bu[ ~ hows important vitr ia tions from place 10 place 

'.' 

Figure 7 
Geulugieul crQ$$ stC/iolls ilr /Ire ou/t r :ont. Il : 
Ste/ion IUI'u/t d l:!km [rom /ht ( ..... u tI[ EPR. 
Sli~lrlly stdiml'flItd falus suggt~1 fl.'twnic 
ac/i";I)' jus/ ('tastd. b; Sec/rem s in I l,,~ Brullhes­
A!MII)'ama ma~lItlie rel'usal urea. 
Coupes géologiques dan~ l~ 1.onc clI:terne. Il : 

Coupe ~ ituée • 12 km de l'axe de E PR. Le~ 
mlus légèrement ~édimen t és §um.~rent que 
L,nét ut! 1' .. ~tr\lIC le(tonlque ",,, re,;crU . 1> 
c,)upcs d:m) Je ""'<:\"'Ut d'm\crsion !Iu!;ne",!u,", 
Urul\hc~-Matu).un ... 



in this Zone (3 to 6 % ). The incre,lse in the extension 
outward in zone 2. could be related to outward lilt ing. 

Continuous and discontinuous regimes arc ruling the geody­
n<lmic proces~es al the r idge axis. 

- Cont inuous processes are illustrated by va riation in the 
extension through zones 2 and 3. the general subside nce of 
the ex ternal zone. }Ind the progressive decrease in the 
teetonic ae tivity wi th d is tance from the axis. 

- Discontinuous processes are ilIustrated in the en eehclon 
disposition of the axiill pillow lava highs and the lack of 
symmetry of zone 2: but they are a lso marked by the 
different types of volcanism (fluid lavas and pillow basa lls). 
thal ean eoexist at the same time along the stri ke of the East 
Pacifie Rise. 

The ra tio of fluid lavas to pillow b.1sal ts incrcases sou­
thward from the CYilmex area to the Rise area. In thc 
northern part of the Cyamex area. the limited amount of 
fl uid lavas emplaeed on the sea floor is unable to flood the 
major part of the horst and graben structures gcnera ted in 
zone 2. That is not the case in the south where sueh 
struc tures disappear below large volumes of fluid lavas 
delivered on the sea floor. T he large percentage of lobate 
pillows and fluid lavas in zone 3. could represent a former 
large fJooding episodc at the axis of the East I)acific Rise. 

The two types o f volcanic flow have the same com posit io n 
(Juteau etuI" 1980), ;lOd only thei r mode of emplacement 
can explain the d ifrerences between the two types of lavas. 

The amounl of fluid lavas neeessary for a ncar complete 
flooding of structures in zone 2, has bee n es timmed 
(Fig, 8 (1), The thiekness of fJ uid lavas showed here is 
compatible with the 15 m high basal tic pillars found in 
zone 2 (Francheteau et al" 1980), and the few tens of meters 
of m'lssive flow,~ overlying pillow basal ls, found in dri ll si tes 
[urther north on the Eas t Pacific Rise (Leg 65 , DS DP, 1979). 
A 10 to 20 m thickness of fluid lilvas is sufficient to 
transform the rough topography of zone 2 into the smooth 
morphology of zone 3, 
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Figure tI Il 

Fto(){li"g /Jmcesses itr zone 2: lire /1111/)11111 ol/ryprJlheli'-'/IIIr,,'u/lJr 
mruo llritlg lire lrorSI (Illd /: f(lbell )'Uuct"res is rfprt!sellled III black 011 
top of ()burl'ed topogrtlplû(' proliles (110 l'er/ie/rl t,wgger/ll;on), 

Processus d 'ennoyage en znne 2, LI quantité hypothétique de !<lves 
nécess.1ire f,U nivellement des struelllres horst et graben est 
représentée en noir sur des profils topographiques observés (p;IS 
d'exagénlt ion verticale), 
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EVO LUTION MO DEL. AND CONCL USIONS 

Two main cycles of vo!canÎsm a! ternate along the axis of the 
EPR (Fig. K h), We arbitrarily cons ider on Figure 9, tha! the 
axial zone is flooded by fluid lavas. during the firs t period 
represented in section A . 

On the bas is o f the data collected during Ihis di ving 
program, the following model for the evolution of the Eas t 
Pacifie Rise at 21 °N is proposed, 

• 

L '=:-=~ ___ -.J 
~_ ... .... _ .... ...... 
0 0._ .... .... _ ..... ___ '''_'''''' 
0 _ _ _ . ....... , ... ... 

• , ... , .... w- ...... _, ... ,_, 

D u"' ..... , ,_. ~ .. 

Figure Il h 
Sc/f/m'llti,· ft'presellfllliOIl 01 /Ire prestnt dis/,Ibl,tüm 01 fll,id "'III 
pillo ... ·la\'(u 0/ 21 °N based 011 di"es tOndue/td from (.')'1111/1 (Cyamex 
za /le) uud AII';,r (Rist ZlIlIt), 
Représenl<ttÎon schém;.rtique de la répartition aç tuelle des laves 
flu ides et des laves en eoussins à 21 "N. basée sur les plongées de 
Cyana (secteur Cyamex) et u'Alvin (secteur Rise). 

- Mter flooding (Fig, 9 8). a new pillow basait cycle is 
ini tiilted , TopOgraphie highs wi th steep flow front s and 
made up of piliOW lavas, are built upon the subhorizontal 
sheet flows : 

- during a third s tage (Fig, 9 q, <Ixial volcanic high 1 . 
imlllediately fllInked by an intensively fraclUred zo ne, jups 
la le rally in pos ition 2, Figure 9 C repre ,~ents in sehermr tic 
form, il cross sec tion of the present morphology of the East 
Pacifie Rise aeross the Cyamex are<l : 

- .. ftcr a second jump of the axial vole,lOie high from 
pos it ion 2 to 3 (Fig, 9 D), the }lx ial zone is fJooded again by a 
new batch of fluid lavas ar riving on the seafloor. 

The two types of volcanic flows empl'lced at different rates , 
may refleet il variable inSlautaneous spreading rate along 
the Eas t P,lcific Rise, T he average spreading raie calculatcd 
from the magnetic anomalies may not bc representative of 
the geodynamic proeesses oeeurring af the axis of a 
modcrately fast sprcading ridge : there is cvidcncc thm this 
is also true for s low spread ing ridges, ln contras t , f,lstlind 
super-fa st ridges may bc charae terized by a more cont i­
nuous volcunic :lnd tec tonic regime .tlld the spread ing ra te 
averaged over il mill ion yeaTS may he morc represe ntative of 
the instantaneous hehavior. 
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Figurc 9 
E"olulioll of Ih/;' ElUI P<lcific Riu ul 21 °N. A : 1-1oodi/l1f of Ihe 
axiol zone by fluid lo.'os. S-C-D: 811ilding "f' vf fissurol 
"vlcanoes jumping from positions 1 10 J durill 8 IUW cycle af 
pillow-Ial'a emplocement. E : Purtial /looding of Ihe pillol<"cd 
/Upographic high.< il, Il,,, u.tiul w ne during Il n/;'w c yd/;' l'f 
fl,lid·/Cl' ·Cl prod,,~·tiQtl. On cross-sections A-D. we hure il/uSlru_ 
led Ihe progresSÏl'e burlal alld smoO/hi/lg of oula arcas IInder a 
cOl'er of p/;'lllfÛC sedimellIs by fine dolS_ 
Évolulion de la dorsale Est l':H;ifiquc à 21 °N. A : Ennoyagc de 
la wne axiale par des laves fluides. 8-C-D: Cunstruction de 
volcans fissu raux sautant des pOSitions 1 à 3 durant la mbc cn 
place d'un nouveau cycle de production de laves en coussins. 
E: Ennoyage paniel des reliefs topographiques formés de laves 
en coussins. dans la zone axiale. durant un nouveau cycle de 
production de laves fluides . Sur les coupes A 11 D. I"enfouisse­
ment pro};:ressif ct le niv<:llement des zones cxternes sous une 
couverture de sédiments pélagiques sont représentés par un 
pointillé fin. 
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