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R are earth s (RE) in basalts e ru p te d  w ith in  th e  r i f t  o f  th e  M id-A tlantic Ridge show  a progressive change from  
ligh t-R E  en rich ed  to  dep le ted  p a tte rn s  from  th e  A zores P latfo rm  (4 0 °N) dow n to  3 3 °3 0 ’N. S o u th , th e  p a tte rn  
rem ains light-R E  dep le ted  as along o th e r “ no rm al ridge”  segm ents. A progressive increase in chem ical variab ility  o f 
th e  basalts tow ards th e  A zores is also no ted .

T he la titu d in a l RE profile and  co rrespond ing  S F e O /S F e O  + MgO variations, together, ind ica te  th a t  th e  origin o f 
these basalts c an n o t be  accoun ted  fo r  sim ply by  considering  variable ex ten ts  o f  partia l m elting  o f  a single m antle  
source and  subseq u en t frac tional c ry sta lliza tion  du ring  th e  ascent o f  the m agm as. These tw o  processes p ro d u ce  only 
second-order effec ts o n  th e  R E  p a tte rn s. The d a ta  requires th e  presence o f  a d istinc t, light-R E  richer, m an tle  source 
b en ea th  th e  A zores P latfo rm  relative to  th a t o f  so u th  o f  33~30 'N  and  an in term edia te  zone w here b o th  m an tle  types 
m ix . T h e  relative co n tr ib u tio n  o f  th e  A zores m an tle  source to  th e  m ix  appears to  decrease fairly  regularly  sou thw ard  
along th e  ridge and  becom es negligible a t 33 ’3 0 'N . Increasing chem ical variability  o f  th e  basalts tow ards th e  Azores 
is p robab ly  caused by correspondingly  larger e x te n t  o f  frac tio n a l crysta lliza tion  a t  shallow  d e p th , a n d /o r  greater 
variability  in th e  e x te n t o f  p artia l m elting , ap p a ren tly  subseq u en t to , and  superim posed on  th e  m ixing o f  th e  tw o 
m an tle  sources.

T h e  com bined  m orphologica l, geophysical and  R E  ev idence along th e  p rofile are  consisten t w ith  a m odel sug­
gesting upw elling  o f  a m ajor b lob  (p lum e) u n d er th e  A zores P lateau; and reveal th e  p resen t ex te n t o f  th e  b lo b ’s 
overflow  and  m ixing w ith  th e  asthenosphere  d ep le ted  in large ionic lithoph ile  trace elem ents. The in fluence  o f  the 
A zores b lob  is geochem ically  detec tab le  up to  1000  km  sou thw estw ard  b en ea th  th e  ridge axis.

1. Introduction

T h e  A zores region represents th e  ju n c tio n  o f  th e  
E u ro p ean , A frican and N o rth  A m erican p lates [1 ] ,  
and  th u s  p lays an im p o rtan t ro le in  th e  evo lu tion  o f  
th e  N o rth  C entral A tlan tic . Y et th e  area has been 
neg lec ted  in m o s t paleogeographic reco n stru c tio n s o f  
th e  A tlan tic  [1 ,2 ] . This is because o f  the  tec to n ic  
co m p lex ity  th a t th e  subm erged p la tfo rm  and its 
islands rep resen t, the  lack o f  easily correlative m ag­
n e tic  anom alies and the lack  o f  suffic ien tly  detailed  
geophysical surveys o f  th e  p la tfo rm  and bordering  
te c to n ic  e lem en ts: th e  M id-A tlantic Ridge (M .A .R .), 
th e  E ast A zores F ractu re  Z one (E .A .F .Z .) and  the  
T erceira  T rough  (F ig . 1). A  first a tte m p t describ ing  in 
som e detail the  tec to n ic  evo lu tion  o f  the area as a 
tr ip le  ju n c tio n  has been m ade by  K rause and W atkins
[3 ] .  In  th is m o d e l, th e  tw o p rincipal M .A .R . seg­

m en ts trend ing  N —S and SW, ac t as m ajo r spreading 
cen te rs, w hereas th e  T erceira T rough  p lays the role o f  
a secondary  spreading cen te r, in itia lly  as a leaky 
tran sfo rm  fault. O ther in te rp re ta tio n s  have been 
suggested in  th e  course o f  assessing the  tec to n ic  
evolu tion  o f  th e  A tlan tic  [ 1 ] and  th e  M editerranean 
Sea [4 ] . I t  has also been p roposed  th a t the  A zores 
region is underlain  by  a rising m an tle  p lum e [5,6], 
b u t no  supporting  evidence has y e t been  presen ted .

M orphologically , th e  A zores P la tfo rm  appears to  
rep resen t a b roadening  o f  the  M .A .R . b est rep re ­
sen ted  b y  the  1500-fm  b a th y m etr ic  co n to u r  in  Fig. 1. 
The region is also characterized  b y  a free-air positive 
gravity anom aly  relative to  th e  figure o f  h y d ros ta tic  
equ ilib rium  [7 ] ,  w hich w ith  the  excess ridge eleva­
tio n , suggests m antle  upw elling  b en ea th  th e  A zores.

H ere I p resen t rare-earth  (R E ) abundance  d a ta  for 
subm arine basalts recen tly  e ru p ted  along th e  M .A .R .,
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across th e  p la tfo rm  from  4 0 °N , and SW up to  the 
A tlan tis F rac tu re  Z one , 30°N  (Fig. 1). The M .A .R. is 
used as a geochem ical w indow  in to  th e  upper m antle 
to  de tec t possible p lum e flow , in  a fashion sim ilar to  
previous stud ies o f  th e  Ic e lan d -R ey k jan es  Ridge 
System  [9] and a ro u n d  th e  A far [1 0 ] .

2. Sampling

Fig. 1 show s th e  lo ca tio n  o f  basalts dredged w ith  
R /V  “ T rid en t”  o f  th e  U niversity o f  R hode Island 
during  cruises T R - 8 6  and T R -89 in  1970 , and TR- 
119, T R -122  and  TR -123 in 1972. D etailed  geophysi­
cal surveys o f  the  A zores P la tfo rm  and  associated 
tec to n ic  e lem ents w ere also co n d u c ted  during  some 
o f  these cruises. These results have been presen ted  by 
K rause and M cG regor [1 1 ] .  B athym etric , m agnetic 
and seismic reflec tion  profiling  was co n d u cted  across 
the crest o f  th e  ridge to  locate  th e  rift and recen t 
volcanic features fo r dredging. Sam pling o f  fracture 
zones (F ig . 1) was purposely  avoided. This was m ade 
possible b y  using p relim inary  b a th y m etr ic  and aero- 
m agnetic m aps [1 2 ,1 3 ] , w h ich  w ere k indly  m ade 
available p rio r to  pub lica tion  by  D r. J.D . Phillips, 
W oods H ole O ceanographic In s titu tio n , and Dr. D.C.
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Fig. 1. L ocation  o f  dredge hauls (see also Table 1). Position 
o f  rifts and  frac tu re  zones are based on  refs. 12 and 13, D.C. 
Krause, UNESCO (personal co m m u n ica tio n ), and  u n p u b ­
lished R /V  “ T rid e n t”  profiles. Black areas represent the 
A zores Islands. E .A .F .Z ., O .F .Z . and A .F .Z . stand  fo r  East 
A zores, O ceanographer and  A tlan tis F ra c tu re  Z ones, respec­
tively .
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K rause, U nited  N ations E ducational S cientific  and 
C u ltu ra l O rganization.

F resh , glassy pillow  basalts and pahoehoe c ru s t, or 
glassy fragm ents w ith  radial jo in tin g , w ere fo und  to  
be loca ted  along small cen tra l e longated  hills o f  
1 0 0 — 2 0 0  m  relief a t th e  b o tto m  o f  th e  rift valley, 
w hich appeared  on ou r seism ic records as flu ffy  irreg­
u lar reflec tions. Such observations have now  been 
confirm ed  in th e  area stud ied  b y  the  F rench—A m eri­
can M id-O ceanic U ndersea Survey (FA M O U S) [14] 
(Fig. 1). In  a few  profiles, th e  sm all m edian  hills were 
lacking and  dredge hau ls had  to  be tak en  along one o f 
th e  r if t valley walls, near its  b o tto m , and  p robably  
rep resen ts ta lus accum ulations. T here , th e  basalts 
have lo s t th e ir  glassy rim  and o ften  are m ore massive 
and  co lum nar. T hey are p ro b ab ly  a t least a few  h u n ­
dred th o u san d  years o ld , and o ften  are covered w ith  a 
th in  coating  o f  m anganese ox ide. O therw ise the b a ­
salts appear q u ite  young  judging  from  the ir glassy 
n a tu re  and position  w ith in  th e  M .A.R. rift, and th e  
general absence o f  glacial erratics in the dredge hauls 
[1 5 ] .

O ur R /V  “ T rid en t”  sam pling along th e  M .A .R . in 
FAM OUS quadrangle was k ind ly  supp lem en ted  by 
D r. W.B. B ryan , W oods H ole O ceanographic In s titu ­
tio n  (F ig . 1, s ta tions E  and  F ). Id en tifica tion  o f  the  
r if t ju s t  so u th  o f  the “ O ceanographer F rac tu re  Z o n e” 
was n o t possib le, and only  o lder altered  pillow s w ith  
2 —3 m m  o f  m anganese coating  w ere o b ta ined  (s ta ­
tio n  J) . S ubsequen tly , fresh  glassy basalts dredged 
along th e  O ceanographer F rac tu re  Z one offset were 
k indly  p rov ided  by Dr. P .J. F o x , S ta te  U niversity  o f 
N ew  Y ork , A lbany , to  com p lem en t ou r sam pling 
(F ig . 1, s ta tio n  I); and also b y  D r. B.C. H eezen, 
L am on t-D oherty  G eological O bservatory o f  C olum bia 
U niversity , fo r th e  region near 30°N  (Fig. 1, sta tions 
N and O).

3. Petrology

In  o rd e r to  estim ate possible local geochem ical 
variability  as well as geographical variations, a t least 
th ree  separa te  sam ples w ere selected  fo r s tu d y  from  
each o f  th e  R /V  “ T rid en t”  dredge s ta tions. Petro- 
g raphically , m ost o f  the basalts are p o rp h y ritic  and 
show  typ ica l vario litic  and rapid ly  quenched  tex tu res  
as described  by  B ryan [1 6 ] .  T he m ost com m on phe-
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Fig. 2. N orm ative q u a r tz -d io p s id e -h y p e rs th e n e -o liv in e  diagram  [18] o f  dredged basalts rep o rted  fo r  ra re  earth s in T able 1. For 
refe rence to  le tte r  sym bols see T able 1 (com plete  analyses unpublished).

no cry s ts  are  plagioclase (A n7 3 . 89), fo llow ed  by 
olivine (F 0 7 5 . 8 9 ) ,  then  b y  clinopy roxene. N o te ­
w o rth y  is th e  increase tow ards th e  A zores o f  the  
abundance  o f  py roxene p h en o c iy s ts  relative to  p la ­
gioclase and olivine as sim ilarly fo und  along the 
R eykjanes R idge [9] and in th e  G u lf o f  A den  near 
th e  A far Triangle [1 0 ,1 7 ] , and  finally  plagioclase 
relative to  olivine as well. D etailed  pétrog raph ie , 
m ineralogie and petro log ic  discussion o f  ou r dredged 
rocks w ill be  repo rted  elsew here. T he CIPW norm s o f  
th e  basalts calcu la ted  from  th e  m ajo r e lem en t chem is­
try  are  p resen ted  in Fig. 2 on a N e—01—D i—H y—Qz 
diagram  [1 8 ] .  All th e  rocks can be classified as ba­
salts, and  range m ostly  from  m ild ly  q u a rtz  to  olivine- 
no rm ative  th o le iitic  basalts w ith  a ten d en cy  to  cluster 
near th e  D i—Hy jo in t, sim ilar to  m ost resu lts p u b ­
lished fo r ocean-ridge basalts [1 9 ] . T heir chem istry  
c o n tra s ts  w ith  those  o f  the A zores Islands which, are 
m ostly  alkalic [2 0 ] . The g reatest chem ical variability  
a t a single la titu d e  is fo und  in  th e  M .A .R . rift over th e  
A zores P la tfo rm  a t sta tion  A (Fig. 1). A t A, tw o  
dredge hau ls w ere recovered and  consist o f  basalts 
overlapping in  com position , ranging from  q u a rtz -n o r­
m ative to  olivine-norm ative th o le iitic  basalts, and  
tran sitio n a l basalts [2 1 ,2 2 ] . T hus, as ap p aren t in 
Fig. 2 , basalts from  th e  M .A.R. over th e  A zores P la t­

fo rm  cover the  en tire  range fo u n d  along th e  profile 
from  40°N  to  30°N , includ ing  th e  FAM OUS area.
T he m inim um  chem ical variab ility  is fo und  fo r s ta ­
tions L  to  0  w hich  are derived from  w hat appears to 
be a “ norm al ridge”  segm ent, as previously discussed 
in  detail b y  Schilling [2 3 ] . Basalts from  sta tio n  L are 
Al2 0 3-rich p icrites and are strong ly  light-R E  depleted  
(Fig. 3). S ta tion  H ju s t n o r th , and s ta tio n  J  ju s t sou th  
o f  th e  O ceanographer F rac tu re  Z one appear chem i­
cally and norm atively  d is tinc t (F ig. 2 ). B oth H and J 
basalts are unusually  vesicular ( ~ 2 0 % vesicles) for 
the ir dep th  o f  co llec tion  (~ 2 3 5 0  m and  ~ 1 7 5 0  m 
respectively) [2 4 ] . Sam ples H w ere o b ta ined  near the  
b o tto m  o f  th e  w est wall o f  th e  r if t, w hereas J  basalt 
was dredged o ff  th e  rift and was covered w ith  a th ick  
layer o f  palagonite [2 4 ] .  S ed im en t ooze infilling 
som e o f  th e  vesicles was observed, and as th e  vesicles 
are very small and ab u n d an t, it w as d ifficu lt to  elim i­
nate  co n tam in a tio n  during  th e  analysis. This m ay be 
reflected  in p a rt by  a som ew hat h igher CaO co n ten t 
(avg. 13.36 w t.% ) fo r FI basa lt and consequen tly  
relatively high norm ative  d iopside. T he sm all co n ten t 
o f  norm ative nepheline in  one o f  th e  tw o sam ples 
analyzed from  s ta tio n  J  is p ro b ab ly  due in p a rt to  the 
altered  n a tu re  o f  th is rock . H ow ever, J  basalts are also 
d is tinc t by  having low  S i0 2  c o n te n t (4 7 -4 8 % ). Ba-
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Fig. 3. C h o n d rite  norm alized  rare-earth  p a tte rn s o f  M.A.R. 
dredged basalts, averaged over every 2 ' o f  la titu d e  betw een 
40° and  34°N , ex cep t s ta tio n s M, N and O betw een 3 3 -3 0 ° N  
w hich are  all g rouped  tog e th er. S ta tions H and J have been 
o m itted  and  p ic ritic  basalts from  sta tio n  L  averaged separa te­
ly. Tire n u m b er o f  sam ples used fo r  th e  average is given in 
paren theses. D ata is tak en  from  Table 1.

salts from  sta tions J and  particu larly  H have anom a­
lous R E c o n te n t relative to  neighboring sta tions.

4. Rare-earth variations

Table 1 lists th e  R E  abundances m easured  by  
in s trum en ta l n e u tro n  activa tion . Fig. 3 show s th e  RE 
p a tte rn  varia tion  along th e  M .A .R . averaged over 
segm ents o f  tw o  degrees o f  la titu d e  from  40°N  to  
34°N , and  betw een  3 3° to  30°N  as a single group . A 
progressive decrease from  light-R E  enriched  to  light- 
R E  dep le ted  p a tte rn s  relative to  ch ond rites  is clearly 
ap p aren t from  the  A zores P la tfo rm  sou thw estw ard  
along th e  M .A .R . (F ig . 3). O n th e  o th e r hand , the 
heavy R E  increase slightly tow ards th e  A zores (dis­
regarding th e  p icrites o f  s ta tio n  L). As a resu lt, a 
cross-over o f  th e  R E frac tio n a tio n  p a tte rn s  occurs 
near th e  m iddle o f  the  RE series. T hus, it appears by 
exclud ing  th e  p icrites L, th a t th e  la titu d e  averaged 
R E p a tte rn  varia tion  o f  Fig. 3 co u ld , to  a first o rder, 
be acco u n ted  fo r b y  m ixing in varying p ro p o rtio n s 
th e  tw o m ost end-m em ber R E  p a tte rn s . The tw o 
end-m em ber R E  p a tte rn s  co rrespond  also to  basalts 
loca ted  a t b o th  ex trem ities o f  th e  M .A .R . profile.

4 0° N 3 5 ” 30” N

A Z O R E S  -  M I D - A T L A N T I C  RIDG E
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— A \3
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0 5 0 0 I COO 

K m .

1500
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Fig. 4 . V aria tion  o f  chon d rite  norm alized  La/Sm  ra tio  against 
la titu d e  o r radial d istance from  the A zores P la tfo rm . D ata is 
taken  from  T ab le  1.

T he change o f  th e  [L a/Sm ] e .f . ra tio  a long the 
profile fu r th e r illustrates th e  light-R E  variation  and 
reveals th ree  d is tinc t segm ents o f  th e  M id-A tlantic 
Ridge (Fig. 4 ). F irst, the  M .A .R . segm ent, so u th  o f  
34°N , is m arked  by  a relatively co n stan t low  [La/ 
Sm] e .f . ? m uch  less th an  u n ity , w hich is charac te r­
istic o f  “ n o rm al ridge” segm ents [2 3 ] . S econd , the 
tran sitiona l segm ent, be tw een  34°N  and th e  A zores 
P la tfo rm , is m arked by  a sm o o th  and progressive 
n o rth eas t increase o f  the  [L a/Sm ] e . f . (excluding 
anom alous s ta tions H and J) . F inally , basalts derived 
from  th e  M .A .R . rift transecting  th e  A zores P latform  
show  a m ax im um  [La/Sm ] e , f . value and m axim um  
dispersion as w ell. Sim ilar tren d s  have been  obtained 
sou thw est o f  Iceland  along th e  R eykjanes R idge [9 ] , 
o r  a b o u t th e  A far along the G u lf o f  A den and the  
R ed  Sea [1 0 ] .  Invariably , w hether ab o u t Iceland , the 
A far and  now  th e  A zores, th e  [L a/Sm ] e . f . anom aly 
trends all converge ou tw ard  to  a relatively co n stan t 
low  level o f  light-R E  dep le ted  basalt p a tte rn s  charac­
teristic  o f  “ norm al ridge”  segm ents [2 3 ] . I have 
a ttr ib u te d  such  geochem ical trends as reflecting  
m an tle  p lum e upw elling, and subho rizon ta l flow  at 
shallow  d ep th  u n d er the  ridge, as well as e x te n t o f  
m ixing o f  p lum e-derived m ateria l w ith  th e  astheno- 
sphere relatively un ifo rm ly  dep le ted  in light R E  and 
o th e r large ionic lithoph ile  e lem ents (L IL ) [9 ,1 0 ] . A
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sim ilar p h enom enon  appears w arran ted  fo r the  
A zores and th e  M id-A tlantic R idge, so u th w est. I have 
show n th a t th e  [La/Sm ] E F o f  th o le iitic  basalts can 
be  considered  as to  be represen tative o f  th a t o f  the  
m an tle  source from  w hich such  basalts are derived, 
regardless o f  w hether the m an tle  souce is com posed  
o f  a spinel lherzo lite , a plagioclase lherzo lite , o r a 
garnet lherzo lite  m ineral assemblage [ 2 3 ] . T his is 
because th e  [La/Sm ] e . f .  o f basa ltic  m elts becom e 
increasingly sim ilar to  th a t o f  its m an tle  source as the 
degree o f  p artia l m elting  increases, a t least fo r th e  
th ree  m ineral lherzolite assem blages considered  and 
usually  assum ed fo r th e  u p p er m an tle . A bove som e 
2 5 - 3 0 %  o f  partia l m elting  requ ired  fo r genera ting  the 
th o le iitic  basalts [ 2 5 ] , th e  [L a/Sm ] e . f . is practically  
iden tica l to  th a t o f  its m antle  source to  w ith in  2 5 %  or 
b e tte r ;  and th e  ratio  can be  reliably used as a m an tle  
source in d ica to r as also com m only  done w ith  
8 7 S r/86Sr and  Pb iso top ic  ra tio  o f  yo u n g  volcanic 
rocks (see e.g. [2 6 ]  ). The re la tion  has been  conv inc­
ingly d em onstra ted  along th e  Ice land—R eykjanes 
p ro file , w here b o th  th e  [L a/Sm ] e .f . and 8 7 S r/86Sr 
clearly  reveal th e  presence o f  tw o  d is tinc t m an tle  
sources and th e ir  m ixing along a tran sitiona l zone 
[ 9 ,2 6 ] .

5. Mantle blob m ixing model

U sing argum ents sim ilar to  th o se  previously  devel­
o ped  fo r th e  Ice lan d -R ey k jan es  Ridge System  
[9 ,1 0 ,2 7 ] , th e  high [L a/Sm ] e . f .  over th e  A zores 
P la tfo rm  is in te rp re ted  as to  re flec t a m an tle  source 
d iffe ren t from  th a t sou th  o f  34°N  w hich rep resen ts a 
n o rm al section  o f  th e  M id-A tlantic R idge. T he tran si­
tio n a l zone betw een  34°N  and th e  A zores P la tfo rm  is 
also in te rp re ted  as a zone o f  m ixing. Since no 
8  7  Sr / 8  6  Sr o r lead-isotopic data  is y e t available, and in 
view  o f  the larger chem ical variability  and ten d en cy  
fo r som e o f  th e  subm arine rift basalts over th e  A zores 
P la tfo rm  to  be transitional (suggesting som e frac ­
tio n a tio n ) , th e  m ixing m odel is now  fu rth e r su b stan ­
tia te d  by  considering the  re la tionsh ip  o f  th e  [La/
Sm ] e . f .  w ith  indices o f  d iffe ren tia tio n  based on the  
m ajo r e lem en t chem istry  o f  these basalts. F o r in ­
s tance , Figs. 5 and 6 a show  th e  varia tions o f  to ta l 
iron  relative to  m agnesium  along th e  M .A .R . so u th  o f  
th e  A zores, as well as w ith  [L a/Sm ] e . f .  values, re-

D IST A N C E  , K i
500____________ IOOO

A Z O R E S  —  M I D - A T L A N T I C  R I D G E

Fig. 5. V ariation  o f  w t.%  ra tio  E F e O /S F e O  + MgO in M.A.R. 
dredged basalts against la titu d e  o r d istance  from  th e  cen ter o f 
th e  A zores P la tfo rm . Z FeO  refers to  to ta l  iron  expressed  as 
FeO.

spectively. No system atic  increase o f  the 2 F e O /2 F e O  
+ MgO tow ards the  A zores is ap paren t, even if  occa­
sionally low  values rep resen ting  p icritic  m elts are 
excluded . This is in co n tra s t to  th e  R eykjanes Ridge 
w here th e  S F e O /S F e O  + MgO ra tio  tends to  increase 
progressively tow ards Ice land; trends w hich  led 
O ’Hara [28 ]  to  p ropose  a m echanism  o f  increasing 
frac tional crystallization  tow ards Iceland  fo r exp la in ­
ing the  general [L a/Sm ] E F  increase (see [27 ]  fo r 
reply). Fig. 6 a show s considerab le  overlap o f  the 
E F eO /S F eO  + MgO ra tio  a long th e  la titu d in a l p ro ­
file, w hereas th is is n o t so for th e  [L a/Sm ] e . f .  w hich 
a t a  fixed 2 F e O /2 F e O  + MgO keeps increasing w ith 
la titu d e . A sim ilar diagram  has b een  o b ta ined  fo r the 
Iceland P lu m e-R ey k jan es  R idge System  (in  p repara­
tio n ). Local variation  o f  th e  S F e O /S F e O  + MgO at 
any la titu d e  is likely  to  reflec t e ith e r varia tions in 
e x te n t o f  frac tional crys ta lliza tion  during  m agm a 
ascent, an d /o r e x te n t o f  m an tle  p a rtia l m elting  p rior 
m agm a ascen t, b u t th e  tw o  processes c an n o t alone 
produce th e  light-R E  frac tio n a tio n  p a tte rn  increase 
tow ards th e  A zores [ 2 3 , 2 7 ] . Even a fo r tu ito u s  com ­
b ina tion  o f  these tw o  processes opera ting  toge ther 
appears unable  to  w ork . This cou ld  also readily  be 
seen by  using a [Yb] e . f .  versus [L a/Sm ] e . f .  dia­
gram as previously done fo r Iceland [ 2 3 , 2 7 , 2 9 ] . The 
d ifficu lties enco u n te red  w ith  a m odel o f  increasing 
fractional crystallization  tow ards th e  Iceland plum e
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Fig. 6. (a) V aria tio n  o f  w t.%  ratio  E F e O /S F e O  + MgO in 
M .A .R. dredged basalts against ch o n d rite  norm alized  La/Sm  
ra tio , [L a/S m ] e .f .- F ra c tio n a tio n  tren d s have been  con ­
to u re d  fo r  every 2° o f  la titu d e  from  4 0 °N  to  34° N and  as a 
single g ro u p  along th e  norm al ridge segm ent betw een 
3 4 - 3 0 ° N. N o te  th a t  values o f  th e  E F e O /S F e O  + MgO ratio  
fo r a  given reg ion  com m only  cover m ost o f  th e  range ob­
served along th e  e n tire  length o f  th e  ridge surveyed; w hereas 
th is is n o t  th e  case fo r  [L a/Sm ] e .f . w hich keeps increasing 
w ith  la titu d e . D L V L  stands fo r  d ep le ted  low -velocity  layer.

(b ) Idealized  ske tch  show ing th e  various processes and 
co n tro lling  param eters  involved in th e  p roposed  m ixing 
m odel, and th e ir  re lative effec ts on  th e  [L a/Sm ] e .f . and  
S F e O /E F e O  + MgO ra tio . T he leng th  o f  th e  vector (F )  is 
inversely re la ted  to  th e  degree o f  p a rtia l m elting  w hich  it  
rep resen ts . T he orig in  o f  th e  vecto r (F )  represen ts [L a/
Sm] e . f .  and  S F e O /s F e O  + MgO ra tio  o f  th e  m antle  source 
w hereas th e  ap ex , th a t  o f  the m elt p roduced . V ecto r (X) 
show s th e  d irec tio n  th a t  [La/Sm ] e . f .  and  S F e O /S F e O  + 
MgO will take  d u rin g  increasing frac tio n a l crysta lliza tion  a t 
shallow  d ep th . M ixing o f  the tw o  end  m em ber m antles, or 
m ushes (and less like ly , m elts), superim posed  by variable 
degrees o f  p a rtia l m elting  and o f  frac tional crysta lliza tion  will 
p ro d u ce  th e  f ra c tio n a tio n  trends a t  each  la titu d e ; w ith  (Z ) 
th e  frac tio n  o f  p lu m e  derived m ateria l to  th e  m ix decreasing 
w ith  decreasing la titu d e , aw ay from  th e  A zores p lu m e cen ter.

[2 7 ,2 8 ] , o r any  o th e r  single m an tle  source m odel 
[9 ] ,  w ould  be fu r th e r m agnified  fo r th e  A zores re ­
gion because o f  th e  higer [L a/Sm ] e . f .  ° f  th e  Azores 
basalts relative to  those o f  Ice land; w hereas the  low  
[L a/Sm ] e . f .  level along th e  “n o rm al segm ents”  o f 
th e  M .A .R . so u th  o f  34°N  fo r th e  A zores, and  sou th  
o f  61 °N  fo r Iceland , are p rac tica lly  th e  sam e. O nly 
th e  ex istence o f  tw o  d is tinc t m antle  sources beneath  
th e  A zores and  so u th  o f  34°N , and  an  in te rm ed ia te  
zone o f  m ixing, appears com patib le  w ith  th e  R E  data 
and  deta iled  m odel developm ents fo r rare ea rth  p a r­
titio n in g  during  m agm atic processes [2 3 ,2 7 ,2 9 ] .

Fig. 6 b schem atically  dep icts various com ponen ts 
o f  th e  m ixing m odel p roposed  to  exp la in  th e  [La/ 
Sm] e . f .  and S F e O /S F e O  + MgO variations o f  Fig. 
6 a. A t any la titu d e , varia tion  in  th e  S F e O /S F e O  + 
MgO is exp la ined  by  sm all variation  in  th e  e x te n t o f 
p a rtia l m elting  (T ) and subsequen t frac tional crystal­
liza tio n  during  m agm a ascen t (X ). C om bina tion  o f  
these tw o processes a t any la titu d e  p roduces th e  
d ispersion  o f  th e  [L a/Sm ] e . f .  ab o u t th e  general 
tren d  o f  increase tow ards the  A zores, b u t n o t the 
tre n d  itse lf (Fig. 4 ). U n fo rtu n a te ly , th e  d a ta  in  hand 
does n o t p erm it an e stim ation  o f  th e  relative ex ten t 
o f  these tw o processes. A long th e  tran sitio n  zone, 
m ix ing  o f  th e  tw o m antles occurs in  p ro p o r tio n  vary­
ing regularly  along the  ridge, w ith  th e  relative co n tr i­
b u tio n  o f  the  A zores m antle  blob (Z ) to  th e  m ix 
decreasing sou thw estw ard ; and th is is th e  process 
responsible fo r the  general decrease o f  [L a/Sm ] e . f .  
and heavy R E increase sou thw ard  along th e  M .A.R. 
T he p rob lem  rem aining is to  decide a t w hat stage the 
m ix ing  is in reality  occurring  and to  specu la te  o n  the 
physical fo rm  involved. Are th e  tw o m an tle  sources 
m ixing p rio r p artia l m elting  w ith in  th e  astheno- 
sphere? Or alternative ly , are on ly  th e  m elts derived 
from  b o th  m an tle  sources m ix ing  a t shallow er depth? 
O r, perhaps m ore likely , m ost o f  th e  m ixing occurs at 
som e in te rm ed ia te  stage and dep th  b y  m ix ing  o f  
crysta lline  m ushes rising as diapirs [9 ,1 0 ] . These are 
d ifficu lt questions w hich are n o t en tire ly  resolvable 
from  th e  geochem ical evidence alone and  w hose 
so lu tions reside in  deciphering th e  dynam ics o f  the 
p rocess, in particu la r th e  flow  p a tte rn  is th e  astheno- 
sphere o f  th e  tw o  m antle  sources revealed geochem i- 
cally.

A possible clue to  partia lly  resolve th e  am biguities 
is th a t  th e  co n cen tra tio n  variation  o f  m ajor and
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m in o r elem ents a long the M .A .R . sou thw estw ard  o f 
th e  A zores (unpub lished) are m ore su b tle  and irregu­
lar th an  th e  [L a/Sm ] e .f . variation , and  m ajo r ele­
m en t co-variations do n o t readily  satisfy sim ple linear 
m ix ing  equations an tic ipated . T his is p ro b ab ly  be­
cause th e  m ajo r elem ent chem istry  reflec ts the last 
equ ilib rium  w ith  m antle  m inerals during  the  rise o f  
diapirs and partia l m elting , o r su b sequen t equ i­
lib ra tio n  w ith  phenocrysts crystalliz ing  and separating  
du rin g  m agm a ascent, a fter the  m elts  segregated from  
residual m antle  phases. Such m agm atic  co nd itions 
and o pera ting  rates are in tu rn  co n tro lled  b y  local 
te c to n ic  and  spreading cond itions, an d  therm al re ­
gim es, w hich  m ay be q u ite  variable a long  th e  ridge. 
T he lack  o f  m ore regular m ajo r e lem en t trends m ay 
suggest th a t m ixing m ust have occu rred  p rio r to  such 
last p a rtia l m elting  o r fractional crys ta lliza tion  eq u i­
lib ra tions, th u s  m odify ing  any regular m ajo r elem ent 
trends previously established b y  m ix ing  o f  th e  tw o 
m an tle  sources b o th  in a crystalline m ush  s ta te  o f  
aggregation. In con trast, th e  m ain  stage o f  partia l 
m elting  w hile th e  diapirs are rising, ten d s  to  restore  
th e  [L a/Sm ] e .f . ° f  th e  m elts to  a value p ractically  
iden tica l to  th a t o f  its m antle  source, w hich is now  
a lready  rep resen ted  by a m ix  o f  c rysta lline  m ushes, 
accord ing  to  th is schem e. F u rth e rm o re , I have shown
[27 ,29 ] th a t  [La/Sm ] e .f . is relatively insensitive to  
frac tional crystallization  o f  basaltic  m elts unless 
extensive and im probable am oun ts o f  py ro x en e  or 
g a rn e t w ere to  be rem oved during  m agm a ascent. The 
presence o f  phenocrysts and m ore irregular m ajo r and 
m ino r e lem en t trends along the  ridge do  indeed  sug­
gest som e frac tional crystallization  p rio r to  e ru p tio n , 
b u t n o t to  th e  e x te n t o f  exp lain ing  th e  general RE 
tre n d  tow ards th e  A zores. T he increase o f  chem ical 
d iversity  and dispersion tow ards th e  A zores as for 
exam ple show n in Fig. 5, and also observed fo r o ther 
m ajo r, m inor e lem ents such as K 2  0 ,  P 2 O s , T i0 2 , as 
well as individual trace elem ents such  as La, suggest 
th a t th e  M .A .R. basalts m ight have also suffered  an 
increasing e x te n t o f  fractional c ry s ta lliza tion  tow ards 
th e  A zores p rio r to  e ru p tio n , in a d d itio n  to  som e 
sm all varia tions in th e  degree o f  m elting  and  th e  
m ajo r m ixing process. Increasing chem ical d ispersion 
tow ards th e  A zores p robab ly  re flec t a progressively 
th ick e r c ru s t approaching th e  A zores as w ell as under 
th e  A zores P la tfo rm . A sim ilar e ffec t is ap p aren t 
a long th e  R eykjanes R idge th ro u g h  Ice land , and is

accom panied  b y  increasing crustal th ickness 
[9 ,3 0 ,3 1 ] .

6. Morphological and geophysical constraints

A lthough th e  RE d a ta  p resen ted  suggest tw o  dis­
tin c t m an tle  sources b en ea th  th e  A zores and the 
M id-A tlantic Ridge so u th  o f  34°N , and  an in te rm e­
d iate  zone o f  m ixing, it does n o t d irectly  reveal any 
dynam ical aspect o f  th e  process involved. So far, it is 
only  by  draw ing analogy to  th e  Ice lan d -R ey k jan es  
Ridge System  [9] th a t  the  presence o f  a b lob  (or 
p lum e) rising beneath  th e  A zores has been in ferred . 
T herefo re , it is now  im p o rtan t to  relate th e  R E 
anom aly  to  th e  m orpho logy , tec ton ics , and o th e r 
geophysical evidence available a ro u n d  th e  A zores, in 
an a tte m p t to  unravel fu r th e r som e o f  th e  dynam ics. I 
have already m en tio n ed  th e  anom alous e levation  o f  
th e  A zores P la tfo rm  accom panied  by  a free-air posi­
tive gravity anom aly , suggesting sw elling and upw el­
ling o f  th e  m antle  b en ea th  [7 ,8 ] . Perhaps m ore  strik ­
ing is th e  funnel-shaped, tim e transgressive, m orpho l­
ogy o f  the  M id-A tlantic R idge decreasing in  w id th  
sou thw estw ard  from  th e  triangular-shaped A zores 
P la tfo rm . This is b est seen from  the  1500-fm  co n tou r 
line in Fig. 1. The funnel-shaped  ridge tapers and 
begins to  m ain ta in  a n arrow  ridge to pog raphy  at 
a b o u t th e  sam e place w here the  geochem ical anom aly 
ends, a round  34°N . S uch  m orphology  is com patib le 
w ith  th e  R E  evidence and  p robab ly  reflects forceful 
subho rizon ta l m antle  flow  b en ea th  th e  ridge from  the 
A zores b lob (o r p lum e), sim ilar to  so u th  o f  Iceland 
along th e  R eykjanes R idge w here also a sim ilar fun ­
nel-shaped, tim e transgressive to p og raphy  is apparen t 
[9 ,3 2 ] . The A zores b lob flow  appears n o t to  be 
fo rcefu l enough to  feed th e  en tire  leng th  o f  the 
spreading M id-A tlantic R idge, and thus light-R E  
dep le ted  m ateria l from  th e  low -velocity layer com ple­
m ents in increasing p ro p o r tio n  sou tw estw ard . S ou th  
o f  34°N , th e  ridge becom es “ n o rm al” and only  de­
p le ted  asthenospheric  m ateria l passively feeds th e  rift 
in  response to  spreading [2 3 ,3 3 ] .

I have also show n th a t higher discharge ra tes o f  
volcanism  and fo rm ation  o f  a th icker c ru s t a b o u t the 
Iceland plum e w ould be ex p ec ted  i f  b lobs (o r plum es) 
are rising from  deeper th a n  are  asthenospheric  diapirs 
com m only  feeding th e  spreading axis a long “ norm al
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ridge segm ents”  [9 ] . A  possible increase o f  th e  crus- 
ta l th ickness tow ards and over the  A zores P la tfo rm  
was earlier suggested on  th e  basis o f  increasing geo­
chem ical d ispersion. In d ep en d en t seismic evidence 
d em onstra ting  a th icker c ru s t b en ea th  th e  A zores 
P la tfo rm , and a sou thw est decrease, w ould be one 
possible add itiona l te s t o f  the  plum e flow  p roposed . 
N afe and D rake [34] suggest a general increase o f  the 
d ep th  to  th e  m an tle  n o rth ea s t tow ards th e  A zores, 
varying from  6  km  around  30°N  to  11 km  below  sea 
level over th e  A zores P la tfo rm  (39°N ). A fte r sub­
trac tin g  w ater d ep th , th is w ould  give roughly  a 
change in crusta l th ickness from  4 km  to  7 k m  n o r th ­
eastw ard , th u s  consis ten t w ith  th e  geochem ical evi­
dence p resen ted  and the  therm odynam ical inferences 
previously discussed [9 ] . H ow ever, refrac tion  da ta  is 
scarce in  th e  area and such variations should be con ­
sidered  w ith  cau tio n  [ 3 5 - 3 7 ] .  More re frac tio n  lines 
have recen tly  been reported  in  th e  FAM OUS area 
(3 6 ° 3 0 'N -3 7 ° N )  [ 3 8 - 4 0 ] .  Based on  th e  R E  p ro file , 
FAM OUS lies well w ith in  th e  in term ed ia te  zone o f  
m ix ing  (s ta tions D, E  and F in  Fig. 4). In te rm ed ia te  
cru s ta l th ickness is expec ted , as well as te c to n ic  p ro ­
cesses and seism icity  reflecting  b o th  norm al spreading 
and  th e  su b h o rizo n ta l axial flow  from  th e  po stu la ted  
A zores m an tle  b lob  upw elling. U n fo rtu n a te ly , the 
re frac tion  lines taken  in  FAM OUS area are w ith in  the 
rift o f  the  M id-A tlantic Ridge o r very close to  it , and 
are e ith e r incom plete  o r inconclusive in term s o f  the 
p resen t p ro b lem . W hitm arsh [38] indicates m antle  
velocities a t a d ep th  o f  5 .78 km  ben ea th  th e  sea floo r 
w hich inc ludes layer 3 , thus com patib le  w ith  the  
p red ic tio n . On th e  o th e r h an d , a t the sam e location , 
Fow ler and M atthew s [39] rep o rt an absence o f  
layer 3 and  an anom alous u p p er m antle  velocity  at 
2.63  km  below  th e  r if t floor.

A dd itional dynam ical evidence m ight be  gained by  
considering  varia tions o f  seism icity  along th e  ridge. 
F rancis [41] has show n th a t th e  seism icity  o f  the 
R eykjanes R idge is significantly  less active n o r th  o f  
5 9 .5 °N  along the  tran sitiona l zone revealed by the 
R E, than  so u th  along th e  “ norm al ridge”  segm ent. 
F rancis, in d ep en d e n tly  o f  th e  R E evidence, a ttr ib u te d  
th e  seism icity  c o n tra s t e ith e r to  reflect th e  Iceland 
m an tle  p lum e ex tend ing  b eyond  th e  confines o f  
Iceland  itself, o r a lte rnative ly , to  reflect th e  ridge 
m orpho logy  characterized  b y  an elevated cen tra l

b lock  n o rth  o f  60°N , w hereas to  th e  so u th  th e  m o r­
pho logy  is m ore like “ norm al ridge”  segm ents. F ran ­
cis also acknow ledged th e  possib ility  th a t b o th  effects 
m ight be th e  consequence o f  Icelandic volcanism . 
Because o f  th e  rem arkable  co inciden ta l change o f  the 
seism icity  and th e  R E geochem ical n a tu re  o f  th e  
R eykjanes R idge, I p refer to  believe th a t it  reflects 
th e  Iceland  p lum e and its  flow  along th e  ridge axis, as 
discussed above. Again, sim ilar resu lts so u th  o f  the 
A zores w ould fu r th e r s treng then  the b lob m odel 
p roposed  fo r th e  region. A m icroearthquake  study  o f  
th e  M id-A tlantic R idge in th e  tran sitiona l area 
FAM OUS (3 6 ° 3 0 '-3 7 ° N )  reveals low  m icroseism icity  
and incidence o f  swarm s relative to  b o th , th e  faster 
spreading G u lf o f  C alifornia and  G alapagos spreading 
cen te r [4 2 ] . H owever, a m ore recen t m ic ro ea rth ­
quake m o n ito ring  o f  th e  sam e area, b u t w ith  a  b e t­
te r  and m ore sensitive so n o b u o y  a rray  coverage o f  the 
r if t, revealed h igher activ ity  confined  along th e  de­
coupling  b o u n d ary  o f  the valley floo r and eastern  
wall o f  th e  r if t; th u s  p robab ly  reflec ting  ongoing 
developm ent o f  th e  rift wall b y  up lift o f  fau lted  
blocks [4 3 ] . T hus, th e  seism ic evidence along this 
tran sitiona l segm ent o f  th e  M .A .R . rem ains so far 
inconclusive, as studies using the  sam e record ing  sys­
tem  are n o t available for d irec t com parison  w ith  seis­
m ic ac tiv ity  so u th  o f  34°N  along th e  “ norm al ridge” 
segm ent.

F inally , I now  consider possible geo therm al varia­
tions tow ards th e  A zores, w hich accord ing  to  the 
p lum e m odel w ould  be  expec ted  to  increase [6 ,9 ] . So 
far, conven tiona l h ea t flow  m easurem ents in  the  area 
are insu ffic ien t fo r draw ing any  conclusions. I t  is also 
questionab le  w h e th e r the  h e a t flow  varia tions w ould 
in  any case be suffic ien tly  large and unam biguous to  
reveal th e  e ffec t, thu s less d irec t approaches need to  
be exp lo red . Increasing m ajo r e lem en t dispersion 
tow ards the  A zores was n o ted  earlier. A lthough  the 
e ffec t was a ttr ib u te d  to  possible increase in  crustal 
th ickness, an  increase o f  th e  geo therm al grad ien t 
tow ards the  A zores is also com patib le  and  b o th  e f­
fects m igh t prevail. An increase o f  th e  geo therm al 
grad ien t tow ards th e  A zores cou ld  enhance chem ical 
diversity  in  tw o  possible w ays:

(1 ) Magmas ascending in d ep enden tly  and  in excess 
o f  th e  lithosphere  spreading in p u t ra te  above, w ould 
tend  to  stagnate  at shallow  d ep th  b en ea th  th e  litho-
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sphere in a zone w hich  is also h o tte r . Such m agm as 
w ould  cool m ore slow ly, th u s  enhancing  frac tional 
crystallization .

(2 ) A h o tte r  zone  under th e  A zores shou ld  also 
reduce  viscosity and facilita te  in te rs titia l m elts to  
segregate earlier from  residual solids during  the  rise o f  
m antle  diapirs, decom pression and p artia l m elting
[4 4 ] .

The la tte r  m echanism  shou ld  enhance  th e  p ro b a ­
b ility  o f  m elt frac tions p ro d u ced  b y  sm aller degrees 
o f  m elting  and derived from  g reater d ep th , to  reach 
occasionally  and m ore easily th e  overlying r if t over 
th e  A zores, relative to  the  M id-A tlantic R idge sou th - 
w estw ard . A lthough  such considera tions are com ­
patib le  w ith  increasing tem pera tu res  tow ards th e  
A zores, these can n o t be taken  as p roo f. A m ore fru it­
ful approach  is to  determ ine m agm a tem pera tu res  
using various petro logical g eo th erm o m eters , w hich 
are cu rren tly  being de te rm ined  in  th is lab o ra to ry .

It appears th a t th e  varia tion  o f  th e  m orpho logy  
and geophysical features o f  th e  A zores P la tfo rm  and 
th e  M id-A tlantic Ridge sou thw est show  m any  sim ilar­
ities to  those o f  th e  Iceland—R eykjanes Ridge System  
[9 ] ,  b u t geophysical d a ta  is to o  scarce fo r th e  A zores 
region to  reach defin ite  conclusions on  th is basis 
a lone. The presence o f  a rift and  sm all, closely 
spaced , fractu re offsets a long th e  tran sitiona l zone 
sou thw est o f  th e  A zores (60—6 4 °N ) is in c o n tra s t to  
th e  transitional zone  o f  th e  R eyk janes R idge. The 
d ifference m ay also be o f  seism ic significance, b u t 
apparen tly  n o t geochem ically .

7. Conclusions

The follow ing conclusions are em phasized:
(1 ) The progressive change from  light-R E  enriched 

to  light-R E  dep le ted  p a tte rn s  and  respective variation  
o f  th e  S F e O /S F e O  + MgO o f  basalts e ru p ted  along 
th e  M id-A tlantic Ridge from  th e  A zores (4 0 °N ) to  
30°N  canno t be accoun ted  fo r sim ply  by  variable 
ex ten ts  o f  partia l m elting  o f  a single m an tle  source 
and  subsequen t frac tional crysta lliza tion  during  m ag­
m a ascent. These tw o  processes have only  a second 
o rd e r e ffec t on th e  R E  p a tte rn s. T he data suggest tw o 
d is tinc t m antle  sources, and  an  in te rm ed ia te  zone o f 
m ixing. The relative co n tr ib u tio n  o f  th e  A zores m an ­
tle  source to  the m ix appears to  decrease fairly  regu­

larly  sou thw ard  along th e  ridge and becom es negli­
gible a t 3 3 °3 0 'N . Increasing chem ical variability  o f  
th e  basalts tow ards the A zores is p robab ly  caused by 
correspondingly  larger e x te n t o f  frac tional crystalliza­
tion  a t shallow  d ep th , a n d /o r g reater variability  in the 
ex te n t o f  partia l m elting , ap p aren tly  subsequen t to  
and superim posed  on th e  m ixing o f  th e  tw o m antle 
sources.

(2 ) C om bination  o f  th e  above geochem ical evi­
dence w ith  (a) th e  general funnel-shaped m orphology 
o f  th e  A zores P la tfo rm  and so u th w est M id-A tlantic 
Ridge; (b ) free-air positive gravity anom aly  over the 
A zores P la tfo rm ; and (c) th e  in ference  o f  a th icker 
c ru s t underly ing  th e  A zores P la tfo rm  is consisten t 
w ith  a m odel suggesting th e  presence o f  a m ajo r blob 
(o r p lum e) upw elling under th e  A zores P la tfo rm  in an 
analogous w ay as fo r Iceland [9] and  the A far [1 0 ] .

W ithin the  fram ew ork  o f  th is m odel, th e  R E  p ro ­
file delineates the  e x te n t o f  subho rizon ta l flow  o f  
b lob m aterial and e x te n t o f  m ixing w ith  a s th en o ­
spheric m aterial characteristically  dep le ted  in large 
lithoph ile  elem ents. It appears th a t th e  A zores blob 
(o r p lum e) is fo rcefu lly  in jecting  geochem ically  dis­
tin c t, p robab ly  h o tte r  and ligh ter, m an tle  m aterial 
and derivative m elts a t a volum e ra te  exceeding  the 
a m o u n t requ ired  to  fill th e  gap le ft by  the overlying 
separating  p lates o f  li thosphere , th u s  allow ing the 
developm ent o f  th e  A zores P la tfo rm  and an under­
lying th ick e r crust.

(3 ) The A zores b lob  (o r p lum e) ac tiv ity  is inferred  
fo r th e  p resen t o r recen t past on ly , as th e  geochem i­
cal anom aly  p ro file  repo rted  here  is fo r basalts lo ­
ca ted  w ith in  the  rift o f  th e  M id-A tlantic Ridge o f  
approx im ate ly  zero  age. T he tim e o f  th e  first appear­
ance o f  a b lob  b en ea th  th e  A zores rem ains unknow n 
and has n o t y e t been investigated.

(4 ) A ny a lternative m odels such  as those  consider­
ing th e  presence o f  a trip le  ju n c tio n , secondary  
spreading cen te rs, change o f  d irec tion  and distinct 
spreading rate  h is to ry  n o rth  and so u th  o f  th e  A zores, 
fo r triggering the excess to pog raphy  o f  th e  Azores 
P la tfo rm  [3 ,20] requ ire  revision. Such m odels need 
to  take  in to  acco u n t th e  R E  variations in basalts 
along th e  M id-A tlantic R idge p resen ted  h ere , as well 
as argum ents suggesting tw o  d is tinc t m an tle  sources 
fo r these basalts.

(5 ) T he co incidence o f  a b lob  (o r p lum e) upw el­
ling ben ea th  the A zores P la tfo rm  w ith  th a t o f  a m ajor
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trip le  ju n c tio n  in  th e  sam e area rem ains to  be  e luci­
d a ted . As a w ork ing  m odel, I p ropose  th a t th e  appear­
ance o f  a b lob  b en ea th  the A zores R egion and its 
dom ing  effec t o n  the  lithosphere m ay  indeed have 
genera ted  th e  trip le  ju n c tio n ; perhaps in a sim ilar 
fash ion  as discussed recen tly  b y  B urke and D ewey
[45] fo r o th e r  plum e-generated trip le  jun c tio n s . Cor- 
relaries o f  th is m odel should  be tes ted  b y  considering 
in d e ta il th e  k inem atic  evolution  o f  th e  A m erican, 
A frican  and E u ropean  Plates around  th e  A zores as 
well as th e  W estern M editerranean Sea, p rio r to  and a fte r  
th e  appearance  o f  th e  first b lob b en ea th  th e  A zores 
R egion.

( 6 )  F inally , an im p o rtan t question  rem aining u n ­
resolved is w h e th e r such  b lobs (o r p lum es) com e from  
deeper th an  th e  dep le ted  low -velocity layer [9] or 
a lte rnative ly  from  a vertically inhom ogenous and 
s tra tified  asthenosphere  as suggested b y  G reen [4 6 ] . I 
have show n w ith  sim ple therm odynam ical considera­
tions fo r Iceland [9] th a t if  one assumes th a t b lobs 
(o r p lum es) do  indeed  penetra te  th e  dep le ted  low - 
velocity  layer from  below , the m odel n o t only  e x ­
plains the  excess ra te  o f  basalt discharge by  grea ter 
e x te n t o f  p artia l m elting , b u t also explains the m ixing 
along th e  tran sitio n a l zone, as well as th icker anom a­
lous m an tle  ex tend ing  deeper under th e  p lum e region 
th an  b en ea th  ridge axes [ 4 7 - 5 0 ] .  W hether such 
b lobs (geochem ically  d is tinc t) com e from  the base o f  
a s tra tified  asthenosphere , or deeper in th e  m an tle  as 
suggested by  M organ [5 ] , rem ain unresolved. G eo­
chem ical com parison  o f  the  A zores and  Iceland seem s 
inso far to  suggest d is tinc t b lob com positions fo r the 
tw o  regions, o r  a lte rnative ly , d iffe ren t stages o f  blob 
activ ity  [5 1 ] . This is in m arked co n trast to  th e  de­
p le ted  low -velocity  layer source, w hich  to  a first- 
o rd e r ap p ro x im atio n  appears w idely un ifo rm  in tim e 
and space [2 3 ,2 9 ] .
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