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Tr ip le J u t i i ~ l i o ~ i  10 24 N. P r r l i m i t i u r y  shiphocird g r o i ~ h r m i c ~ i r l  ~o i i r l i~ . \c , \  togt,r/ ici \c , i r l i  c* i r i - l i i~ i  t l i i r i i  .\Iio\c r l i t i r  \o i i io rr.cic C *  

e l ~ ~ ~ n r t i r s  l i r e  nor r undomly  d i s r r i hu r rd  u lo r ig  r h r  r i d g r .  The I i r r i r i ~ i l r  O/ r l i r  Hiri,t*.s rrirtiu/oi-III i I ~ ~ l i r i < ~ c i r t ~  r1c.o i.ogiorr\ O/ 

rcire r i r r t h  r l r n i r t i r  d is i r ibur ion :  n o r t h  / r o m  Huyrs ,  is i l t i r  r o  l ig l i f  riirtJ ~,irr~li ( o r  O~II~L.~I/CIII) <~i i i ic~/ ic~r l :  \o i i r l i  /i.orri 

Hrryrs, i s  l ighr  rurr r l r r r h  ( o r  r qu i r u l r r i t  ) drplt,rrd. Thusr  / i t id i r ig\  i r i i l i [~ i r r r  Iiri-gr .sc.irle I i c~ rc~ rog r r i i ~ i t  i. O/ r l ic iipl>~,i. r~iciirrl(,. 

TIIE l P O D  program ( ln icrnat ional  Phase for Ocean Dr i l i ing)  inicrvul). the S E A B E A M  .;)stem permit.; rcl;itivcly c;i\y 
has obtained many samples o f  ipneous rocks f rom the ocean recognition o f  ihc ri f t  vallcy ;iiid frnctiirc /one\ 11;irgc-\c;ilc 
floor dur inp the past five years. The studies related t o  this structures) and choicc or  a drcdgc \ i tc h;i\cd o i i  oh\crv;itiii i i o f  
sampling and to  samples collected by  the more classical fine scale features (sucli as. ccntr;il liigli. vcilc;iiii~. \[cep slopc). 
dredging method have provided many data which have been The oh~ect ivc o f  our  ;in;ilysis w;is IO Ioc;~tc tlic i i incr floor i ~ f  
interpreted and discussed i n  terms o f  ihe fundameiital the ccntr;il vallcy t o  dredgc '/ero iigc' h;i\iili\. T l i c  riît \;illcy 
processes o f  basal1 pnes is  and the composit ion o f  the u p p r  areu chosen for dredging w;is firsi siirvcycd hy ;i ir;ick. 
mantle. Some o f  these compositions are impossible t o  relate ti, approximately perpendiculur to  i l i c  ridgc ;lui\. r o~ ig l i l y  3 0  
one another hy  conventional magmatic processes o f  fractional miles long (15 miles t o  either side o f  tlic iixis). This tr;ick w;is 
crystallization, accumulation o f  crystalline phases and partial enhanced hy ;i return profile loc;iicd - 1.5 3 mile\ IO tlic 
mclting. I n  addit ion to  these conventional processes. two main nor ih  o r  s o ~ i i h  of ihe  iniii;il crocsiilp. I n  ;iddiiiori IO pr<>vidirig 
hypotheses have been proposed to  account for the chernicul informaiion Cor clrcdging. c;icli of  ilicsc ir;ick\ coii\ t i t i i tcs (l;it;i 

heterogeneities i n  oceanic basalis thai arc observed a i  d i f i r en t  for struci~ir; i l  intcrprct;iiion. Drcdgc siirvcy4 ;iiiJ iiiicrmcdi;iic 
scales. One o f  these hypotheses invole!, magma rnlxing i n  one ir;insits allowed ii\ to  oht i i i i i  54 triinsccis of  i l ic  r idcc hciwccii 
form or another: i l le  hecond hypothcsis assumes primit ive 35 N and 14 K. i - ivc profiles wcrc m;idc ovcr c;icli oC tlircc 
heterogcneity OC diiierent source regions i n  the u p p r  manile. malor transforms. 0cc;inographcr. Haye\ ;iiid Atl;iiitis. 
One interpreiation does n o i  preclude the other. Mixing. either Dur ing  this criii.;e. ;i new dcrcdging sy\icm. ';icti\c wciglit'. 
o f  more o r  leas fraciionaied liquids der ivrd îrom i l ic  same was tried and ~ i scd  siiccc\.;fiilly. II is ;i pcrci i \ \ ioi i  \y\ ici i i :  
sourcei " o r  o f  liquids derived from dirferent sources4 '. i s  when the iension o f  the c;ihle ;il i l i c  Icvcl i i f  ;ictivc \rciglit. 
neccssarily rrstrictcd t o  local areas. The mani l r  heterogeneity which i\ kituated i n  front o f  i l ic  drcdgc. i\ ; i p p r ~ i x i n ~ ; i i c l ~  3  
concept can also be considered as ;i large-scale (repional) tons. an imp~i lsc  o f  75 ton\ i.; commiiiiic;iicd IO i l ic  drcdgc 
propcrty" '. Thc  research reporied here is an i i t iempi IO The sy.;irm can ;ici rcpcaiedly ;II i l i c  hot to i i i  ;i\ II 1, rcsci h' ;i 

examine regional heterogeneities alonp a port ion of  the M i d -  reti irn spring when n o  Icri\ion cxi\ts hciwccii the ;icii\c 
Atlantic Ridge. weight and the dredgc. Tcn cîrcdgc\ ;iloiig i l ic ridgc ; i w i \ .  \ r i i l i  

trach\ o f  0.5 1.5 miles. \:crc ;ittcmptcd u i t h  ilii\ \ ) \ ic i i i  ;iiiiI 

Area and techniques of analysis each dredge w;i.; hi i l f  f i i l l  I o  full o f  rock\. Wi i I i  t I i i \  drctl-iiig 
mci l iod ;ind wi th \imiillaneous iisc (il" S F A H t . A M .  \rcll 

The UV J. C'harcot i 4  e q u i p p d  with a mul t i  riiirrow-heam positioned dredge, ;ipp~irciil~y hc ;icllic~cd \,il~i 

echo-sounding sysiem (SEABEAM)" '  which produce5 a reiil- length of drcdge tr;iek. prc,h;ihl\. le,, tli;ill 0.5 
cime bathymetrir map o f  the sea floor. The by\tem scans an mile,, 
area whose width. normal to  ihe ship's track, is iwo-thirds o f  
ihe depih. Bccausc il allows the immediatc ohscrbntion o f  
large scale structures and i i C  fine sc;ile features (20-m contour , I>illcrcnt ch;iracieri,iic, hiwceil iIlc tAMO,IS ;i;c;i NI 

and \ileh 395. 196 121 N i .  .C'h for T;i 1.3 ;ind t i r  1.a rnc:iii\ iii iriii;il i/c~l 
r;lllo\* 
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Fig. 2 Examples of exteiided rarc carth diagramî includiiig non r:tre earth hygroinaginnphile elemeiits. o. I'he spcctriim oh\ci-ved i l  ilil: 

Azores Triple Junction FAMOUS area (data from refs 14, 16. 17, 23, 25); h, 22 N (data fr«m rcfs I X ,  19. 13). 'I'lic prefcrrcd tiornializiiig 
ahundances correspondiiig to nori rarc c;irth clements are, in p.p.in.; Th, 0.028: Nb. 0.53: Ta. 0.031; Zr. 5.13: Hf. 0.I1X: Ti. 460: Y. 2.16. V. 
22. In CI, iiat to light rare earth patterns. Nb. Ta and La plot at Ille bame ordinate position (normalized Ta. Lit or Nh La ratios :ire ~ 1 . 0 9 ) :  Il. 

light rare eartti depleted patterns, Nh and Ta plot at a lower ordinate position than La (normaliled I'a/La ratio is - 0 . 5 )  sec tcxi. 

region (22 N )  have been interpreted as suggesting that there 
are significant differeiices in the isotopic compositions and  
trace element chemistry of the upper mantle sources between 
these two areasI4 'O. Table 1 summarizes these da ta  for the 
F A M O U S  area and 22 N (rcf. 21). Clearly from our  present 
knowledge only isotopic d a t a  obtained frorri basalts can be 
interpreted unambiguously in terms of mantle sources. 
Hygromagmaphile element ratios sucli a s  HflLa (similar to  
Zr/La or  Sm/La)  in basalts depend on both mantle source and 
partial melting. The two different ranges of HfiLa in thc 
F A M O U S  area and at  22 N are interpretable in terrns of 
different mantle sources ( o n e  for each region) in agreement 
with the isotopic data.  The  range of this ratio in each area is 
probably due  to different extents o r  ways of m ~ l t i n g ~ ~ - ~ ' .  As 
the main target of the M A P C O  cruise is the examination of 
regional heterogeneities along a portion of the Mid-Atlitntic 

Ridge, namely the transition between the Azores Triple 
Junction F A M O U S  area and 22 N, selected hygromagmaphile 
elements o r  their ratios can help, nt least in part. t o  describe 
thesc hcterogeneities o r  this transition. 

It has been shown for some samples thitt elements whose 
ions present a rare gns elcctronic structure can be included in 
the rare earth C'oryell Masuda p l ~ t ~ " . ~ ~ ;  :i comparative 
geochemical study of more than 300 occanic basalts showing 
diffefent rare earth patterns gave precise nornial i~at ion v;ilues 
and  relative behaviour of non rare earth hygromagmaphilc 
elenlents compared with rare earth e l e m ~ n t s ' ~ .  Figure 2 presents 
such a dingrum for samples from the Azores Triple Junction 
F A M O U S  region and  from 22 N ( r e k  14 19. 23. 25). 

In the northern region thc extendcd rare earth patterns are 
from îiat to  light rarc carth enriclied (Azores Triple Sunction. 
F A M O U S ,  Sites 41 1, 412. 413 and 332. 334, 335 o f  DSDf'); 

I .  I 1 L ~ O  R M  i M ~ u t d T b . ü y ~ E r T m ~ b ~ u  ; 
I I I  I I  1 l 

Fig. 3 u, Spectrum of non rare earth normali~ed p;itterns ohhcrved ilorth (rom Ille Huyci tr:in\form. Tlie ciid mcmhcr\ of IIiis \pectruin ;ire 
CI1 Y7 DR 03 101. 39 N in the 'lriple Junction ( O )  iirid ('H YX l>K 03 201. 33 N inimedi;itcly norlli froiii llayc\ fraci~irc ~oi ic  (1-L) (A). Tlic 
0, CH 97 DR 05 3 . .  at 3 X  N. <'H YX I>K OZ 1 . .  :it 35 N (immcdiatcly \outh [rom 0ccniiogr;iplier FZ) have hecn clio\cn a i  ex;implc\ 
showing similar di\tributions ai differcnt I;ititudcs in 1111s arc;i. h. Spcctriim of non riire c;irth iiorn~;ili/ed p:iitcrn.. i~h\crvctl \ i i i i t t i  froin ti;iyc\ 
transform. Tlie plotlcd \;iniple\ \clcetcd for exaniplci are CI1 Y X  DK 04. 32 N iminetli;rtcly \outh from Haye\ F %  1.). ( ' I I  Y X  IIK 07.  32  N 

(.) aiid CH YX [ I R  17 301. 24 N (A). Tlie I W O  cxccptioris (0) corrc\poiiil I O  Iwo groiipi in drcdpc ('11 O X  I > K  O X  ; i f  il N .  
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IIIL, ~ i t i r i i i ; ~ l ~ / c ~ l  T;i L a  o r  TVh 1.a I - ; I I~~ 1 1 )  ia 111depe1id:ini 
IIIC l~;lii I:II-c c;ii-il1 c n r i c l ~ ~ i i c ~ i i  I ; I~ \\cl1 ;I\ fol- 35 N. \ I I ~  410. 
c ~ i i c l  I<~!~I , I I Ic~ \ l ie \  407. 408 ;incl 309). l n  I l le  a o i ~ i I i c ~ - i i  rcz1011 
122 \ l l l ic  c\iclll lccf r i i re c ~ l r l l i  ] ~ ; l l ~ c r i l \  ;Ire s ~ a t c l l l ~ l i l c ~ l l l ~  l ly l l [  
rai-c c:ii-ili c l c l~ lc i c~ l :  i l i e  iioriii;i l i/cd T;i Lii o r  N h  L;i r ; ~ i i i ~  13 

0.ï. KIIO\\ III$ 1 1 i 1 \  bcI i :~\ IOI I~  o f  l i ~ g r o ~ i i : ~ g ~ n ; i p l i i l c  c le i i i c~ i~s .  
1.~11.c c ; ~ r ~ l i \  ;11ic1 no11 rii1.c e;~rilis. ii 13 p o > \ ~ b l c  t o  i ~ a c  Xh .  Zr. T i  

i i nd  Y concentrai ions measured ih ro i ig l i  X-ray Iiuoreicence o n  
board  t o  ob ta in  chundr i te  normal i red diagrams equivnlei i t  t o  
a rare enr th diagrarn. T l i c  data rnay be interpreted i n  terms o f  
mantle hetcrogeneiiy i f  these diagrums show s i i f l ic~rn i ly  large 
diffcrences as we kn«w t h a i  a range o f  S m I L a  o r  Z r  N b  rat ios 
can be ohserved w i i h i n  a resir icied arca ( F A M O I J S  and  site 
411. 412. 413 o f  DSDP). 

Table 2 shows duplicate analyses o f  skiniples C'H 97 D R  O2 
ii\ed I O  ici i h e  accuracy o f  rneasuremerii.\ o n  board. Tab le  3 
shous f rom n o r i h  10 sou ih  i h c  resuli!, ob in ined d i i r i n g  i l i c  
criiise. Ex:imin:ition o f  these data indicaies iha t  the 
d is i r i b i i i i on  o f  these elemenis is not  rar idom d o n g  ihe axis o f  
i hc  M id -A t l i i n t i c  Ridge ;is mcni ioned for rare e:irtlis bq Wh i te  
i i i id  S c i i ~ i .  Nb concenir~t i ions.  the m o \ i  
I iygrom~igm: ip l i i lc  clemeni in\eatig:iied. clearlq s l i ou  l o u e r  
biiliiea i i i the ~ o i i i l i e r n  regiori  than i n  ihe  i ior i l ier i i  regioi i .  T l i c  
r:iiige o f  variut lori  o f  ( N h .  Zr .  T i .  Y )  choi idr i te  nornl;il i/cd 
pkiiicriis are ahoun  i n  Fig. 3. N o r t h  f ro in the Hiiycs ci-uiiifoi-rii 
iliese patterns arc f lai i o  Nb enriched (equivnleni i o  I ig l i i  r;irc 
c ~ i r i l i  cr ir iel iedi:  s o ~ i i h  [ rom the Hayes ir; insform the? arc N b  
deplcicd ( c q i i i \ ~ i l c i i i  i o  l ig l i t  rare c;irtli depletcd): oi ic 
excepiion i n  i l i e  soi i t l iern region 14 obserbed i n  ( 'H  O X  L>K 08 
u l ie re  i u o  groups o f  ailniples show Ii~ii o r  o i i l j  \11yIiil) N h  
dcple i rd p;iiieriia. 

'1 l ie l i ~ r g c  dif frrei ice o f  the c l io i idr i te  i i o r m ; i l i ~ c d  p lo t \  (if N h .  
Zr .  T i  ;il id Y ( e q i i i ~ ~ i l c n t  t o  rare c; i r~ l i  p lo ts )  bei\\eeii i i o r i l i  
:ilid so i i i l i  f ro i i i  H ~ i b c s  tr:iii4'orm ;ilIo\\ ils 10 in icrprc i  thc\e 
prc l in~i i i i i i -y  reaiilis i n  i e r i n i  o f  regioi i i i l  i i i; i i i i le Iieici-ogciieii!. 
T l i c  ~ i i g g c s i c ~ i  I i r i i i i  ( l : i t ~ i i ~ d c  o f  the H;i>e\ tr:in\foriii) \bill l i : ~ \ c  
i o  be coi i f i rmcd by i ro iop ic  d;it:i. Ii \+III he ~ i l s o  i i i tc re\ i i i ig  10 
\ t i idy t l ic  T n  L a  r i i t io  beiueei i  i l le  Hayes ir:insform ktiid 32 N 
i o  co i i l i r rn  u l ie l l i e r  or i i o t  the aiiigle n»rm~i l ized T;i Ln r;itio 
fo i i i id  so far ( 1 0 . 5 1  for l i gh i  rare cn r ih  depleied rn;iteri;il 
con~pi i r i r t ive ly  i o  the single v:iliie ( Y  1) ohserved for fliii t ( i  
11g1ii rare ca r th  enrichcd materi:ils. 

The  MAI 'C'O criilse u i i s  sl ipported by the Groupe  < ' r  ~ i i i c  
0cC:iriiqiie d i i  C'omit6 II'OD France. r l ic ('NU> i n d  
( ' N E X O .  W c  ih;iiih J. B o n n i n  for hc lp  i n  f o r m ~ i l i i i i i i ~  th15 
l?rogr;iiii a i i d  1). Necdh:iii i for iiasistaiicc \ \~i l i  i l ic  criilse p l ~ i i i .  
The ; ic i i \e  wcighi  sysierii iiscd d i i r i i i g  i l ic  c.ii i i\c \$il\ 

clevcloped by J. P. Al lenoi i  \ri111 t l ic ai ipport o f  .l. Y I~cI.\,I\. 
W C  ;ilso tli;irib [ l ie C:ipiii i i i. i l i c  officers ;ii id i l ic  ci'c\\ 01' i l ic  
R V  S .  C1i;ircoi. Con t r ib i i t i o r i  no.  6x5 f rom i l l e  L)eparteriieni 
de Gcopliysiyi ie. ( ikologie e i  Gcocl i in i ie  iniirinea d i i  C.O.B. 
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