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The trace element composition of basalts dredged at the axis of the Mid-Atlantic Ridge between 12° N and 17° N by
the R/V “Akademik Boris Petrov” demonstrates the presence of a high-amplitude geochemical anomaly, centered
around 14° N and extending at least 300 km along the strike of the Rift Valley. The anomaly does not fit easily into
any of the models that have been proposed: it may reflect the upwelling of an embryonic mantle plume or of a passive
mantle domain responsible for or associated with a triple junction, possibly marking a recent shift into the area of the

South American/North American plate boundary.

1. Introduction

It is now well established that along the Mid-
Atlantic Ridge (MAR) in the North Atlantic re-
gional variations of isotopic ratios such as
7Sr/%Sr or "*Nd/Nd and normalized ratios
of highly to less magmaphile elements, (La/Sm).,
(Nb/Zr)y, (Ta/Hf)y, coincide with major
anomalous elevations of zero age crust and with
positive residual gravity anomalies [1-9] (Fig. 1).
These anomalies have been interpreted in terms of
plumes upwelling close to, or directly beneath, the
MAR axis and usually referred to as ridge-centered
hotspots.

Relationships among the geochemical and geo-
physical parameters are complex [10,11]. The
number of mantle components which need to be
invoked in order to explain data on radiogenic
isotopes, trace elements and rare gases, is increas-
ing as new data become available. The sizes of
identified domains vary from the dimensions of an
ocean [12] to those of local heterogeneities within
a single dredge or a single drill core [13]. In the
North Atlantic, gradients of trace element and of
radiogenic isotope ratios are observed correlatively
with gravity and with ridge elevation at an
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along-strike scale of about 1000 km, centered on
Iceland and on the Azores triple junction (Fig. 1)
[1-5]. Smaller geochemical gradients or anomalies
(300 km or even spike like) have also been ob-
served along the MAR (8°30'S, 16°S [14,15],
35°N [3,16]), apparently without corresponding
ridge centered gravimetric anomalies and with
more subdued bathymetric anomalies. In the South
Atlantic, the zero-age geochemical anomalies tend
to be located facing off-ridge hotspots (Tristan, St.
Helena, Circe) [11,15].

The Mid-Atlantic Ridge between 20°N and
5°S has remained too poorly sampled to docu-
ment significant variations of geochemical char-
acteristics of the oceanic crust and mantle. It is of
interest to note that, on kinematic evidence, this
section of the MAR should include the triple
junction of the boundaries between the North
American, South American and African plates,
but the exact location remains enigmatic [17]. The
southern part of the 5°S to 20°N MAR region
includes long, closely spaced fracture zone offsets
which may, for thermal reasons, affect magma the
formation and emplacement of the new oceanic
crust [18-21].

In order to complete the existing MAR sam-
pling gap between 20°N and 5°S and further
study the relationships between geochemical
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Fig. 1. The “chemical structure of the Mid-Atlantic Ridge”. (La/Sm)y, (Nb/Zr)y chondrite-normalized ratios and the zero-age
depth are plotted versus latitude. Note the striking correlations between the chemical parameters themselves and the ridge
bathymetry: hence the expression “chemical structure”. The 14° N ridge chemical anomaly corresponds to a bathymetric bulge at

this latitude. Note also the scarcity of chemical data between 20°

N and the equator; circles correspond to various data available

prior to this study; squares represent new data reported in the present study (14°N area). The bathymetric curve between 40 ° and
10°N is from Needham ([24] and unpublished). The extension of it is from Gente [25].

parameters, geology and geophysics of the ocean
crust, a cooperative programme was set up by
scientists of the Vernadsky Institute of Geochem-
istry (U.S.S.R.), the University of Rhode Island
(U.S.A.) and IFREMER (France). In this article,
we report new data concerning the MAR in the
vicinity of 14° N which are based on results of a
cruise in April-May 1985 of the R/V “Akademik
Boris Petrov”.

2. Geologic setting

Kinematic plate models point to differential
motions of South America with respect to North

America as well as Africa, thus implying the pres-
ence of a triple junction on the MAR. Minster and
Jordan’s [17] solution indicates that it lies between
10° and 20° N. Recent syntheses by Collette and
coworkers (e.g. [20]) has led them to suggest that
the triple junction moved into the area only about
7 My ago, having been previously located near
8°N. They argue that the accompanying change
in spreading direction produced compression in
the Barracuda Ridge zone (Fig. 2), and led to
north-south extension closer to the MAR crest
amounting to 18 km and giving rise to the off-axis
complex represented by Researcher Ridge and
Researcher Trough (near 14°N) and the Royal
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Fig. 2. Tectonic configuration of the 14° N MAR Triple Junction from Roest and Collette [20]. The vector diagram shows direction
and velocity of relative motions of the North American, South American and African plates. Dashed lines represent the Ridge axis 7
My ago, indicating the change in spreading direction. Dredge locations during Leg 2 of the R/V “Akademik Boris Petrov” are
indicated by open circles. Dots are the locations of dredge hauls by the R/V “J. Charcot” (CH 77 and CH 78).

Trough (just north of the 15°22’N Fracture Zone)
(Fig. 2). These features appear to be made up of
graben and en-echelon units which trend ap-
proximately along the spreading direction (flow
lines) west of the MAR (Fig. 2). A volcano-tectonic
origin is compatible with large magnetic anomalies
recorded on the Researcher Ridge [21] and by
Gloria data on the Royal Trough (Searle’s com-
munication referred to in Roest and Collette [20]).

Roest and Collette [20] consider that the triple
junction must lie to the north of the 15°20'N
Fracture Zone, near 16°N. Le Douaran and
Francheteau [22], although noting that the whole
region between 10°N and 20° N may have been
affected by motion between North America, South
America and Africa, tentatively place the inferred
triple junction near 14°N, where a shallow rift
valley coincides with a geochemical anomaly re-
ported by one of us on the basis of a single dredge
haul [23]. The along strike depth curve established
by Needham ([24] and Fig. 1) does not itself
provide clear evidence of the location of a triple
junction at the ridge axis at 14° N; however, the
curve shows that whether a local feature or the
highest area of a broader zero-age zone, the bathy-
metric high at 14°N includes the shallowest part
of the rift valley floor so far found between 10°

and 20°N. The deepening, from the top of the
bulge towards adjacent fracture zones, corre-
sponds to a 2000 m per degree of latitude along
strike on either side of the 14° N peak. With this
background in mind, the objective of our sampling
during the “Akademik Boris Petrov” cruise was to
define the geochemical anomaly at 14°N and to
map its extent to the north and south.

3. Methodology

The locations of our dredged samples (Fig. 2),
controlled by Seabeam soundings, are on the inner
floor of the MAR rift valley, where small volcanic
structures oriented along strike represent recent
eruptions. The freshness and glassy nature of most
of the basalts recovered confirmed their young
age.
Most of the samples selected for shipboard
chemical analyses and further on shore investi-
gations are either glasses or aphyric basalts, as
specified in Table 1. Many of them showed a gain
in weight after ignition at 1050° C (Table 1) indi-
cating an oxygen uptake (mainly Fe?* oxidation)
larger than the loss in volatiles, which is another
indication of the freshness of the samples. Among
these samples, was a highly vesicular glass (211D



910

110

133 0918 oveT 06 0v8 01 $0 600 €T 800 -0y ALt
€70 €0 008 opIET W LLT - $s - ZA rs 170 I 9r-80-8LHD
vT°0 %0 oSy 08811 v6'E ISt = LY - £20 Sy 6£°0 1 LT-80-8LHO
o 870 0'LT 0v89 S0°T LL - 154 - 110 £T €20 I 97-80-8LHD
vTo LT0 0LT 080L €1T €8 - TT - (481 9T €0 1 £7-80-8LHD
€70 £6°0 005 0T0€1 9¢ch 9L1 - 96 = vT0 6 610 I 07-80-8LHO
(<44} 0€°0 005 09621 494 L1 = 0s - vT0 s 610 I €1-80-8LHO

NOH/®L) N@Z/aN) s A o LL > JH 217 p 1Z 2N » AN >l 5 BT >UL q AL ajdureg
sjuawaa a0l apydew ey

vOS9T  L1O LT0 Tl 170 €0¢ 9501 €08 810 6v0L  OI'vT  8S0S 005¢€ 99°9y pE9L O v8rale
€TS9T  €00-  LLO LT 1T0 60  8¥OL  T6L 810 SOl TEPL  610S 00s¢ 99°9% pE9L D €8P alit

TIP9T  0L0—  LT0 LT 610 10€ 8501 €178 810 T90T  ¥T¥l  ¥I0S 005¢ 99°'9% pE91 D I8y Al

08T LS0— 610 £ST 670 18T 0801 ST8 L10  €v6 LLYL  8E°0S 09LE 859 8861 O Al

$8'IHT vT0 891 L0 86T SLOL  OvL LI'D 986 08yl ECTIS 056¢ sy 1yt I €9 allt
99'¥HT 910 6T 190 9T 1611 L9L vI0 €08 L691  TEOS 056¢ sy Lyl [ 9 que
690ST  8Z0— ¥TO 691 LSO 89T PLOL  TSL 910 86 Lyl 89°TS 0zLE v8 by 0S¥1 O Tsvalle

S6'8YT  8F0 920 ILT 690 LLT €801 TEL 910 66 68vL  9L'TS 0zLE v8 Py 051 1 sy dlic

9TIST  LTO—  LTO 88T 190 8LT  9LOL  PL9 LTO  $TOL  1EST 9IS 060¢ YOSy €EvL D v Alle

00'vST €20 €91 LSO €8T S80I 9SL LI0  ¥L'6 SESL  EIS 060¢ v0'Sy €EpL o It alle
£5°0bC €10 970 09T 90 1T LSTIT 919 SI0  0r'6 P99l SS°0S 56T 00'sy (484 I $0T-90-LLHD
£0'SET 600 910 SOT €50 86T  vITL  LV'6 910 £T6 w091 U6y vS6T 00'sy (4871 1 €0T-90-LLHD

LY9ET  ELD 910 00T  LEO 61 6TTL  950T 910 8% TSST IS8y vS6T 00'sy (4871 [ 10T-90-LLHD

POVYC  SE0— IT0 Pl IS0 SPT SSIL £9L LTO  SS6 ST 7608 vS6T 00°SY uvl O LST-90-LLHD

0L'6EC 910 170 91 190 VT VIl pEL LTO 656 €561 THOS 56T 00°sy (4841 I 9T1-90-LLHD

99°TbT  TL0 070  ¥ET 950 6vT 60T 99L 90 TE6 €LST 1508 vS6T 00°SY (A% [ STI-90-LLHD

SL'EYT 000 €20 81 190 SPT WL 6EL L1o 16 6£S1 0S°1S yS6T 00'sy (ARA 1 $TI-90-LLHD

WEET  LO0O~  £TO0 L 650 SPT SYIL LSL L10 186 vt ET°0S 56T 00°sy (4841 I 611-90-LLHD

6'SST 90— 810 LET 970 e 01t 196 910 86 SOV ETTIS 0LLE oSy LLEl I ¢tpalic

LO0ST 870 6LT OLO €0E  $901 8T8 SIo 766 8TYL 966k OLLE sy LLEL D AHI-€v AlIT

1§°15C To  6LT  OL0 €0 TSOL  €€78 STD 636 €Vl IP0S OLLE 10°sy LLEL O AP Al

WIST  STO-  I€0 €81  L9O L8T LLOL 1v8 910 OI0L  OSPT  LSOS 0LLE 10°sy LLET 1 I-€v A1IT

98°L5T 980~ 910 19T SO0 $€T  LSIL €578 910 8I0L  00ST  9v'6v SLEY ol'vp or'Tt ST A1 X e 144

TLE9T  €LO— €10 LET 900 $ST  £0TL $978 910 056 €EST S80S SLEY oLvy 0Pzl D Toralie

LYOLT  $00—  TTO  TTT  8L0  8SE  OVOT  6L9 0T0 LTIl LLPL 1€0S 6£EY €8°0v 7901 I 9v-80-8LHD

vS€LT  OL0-  TTO 00T STO €€ 8901  L9L 610 T90L  OLVL 166 6€EY £8°0v 7901 I LT-80-8LHD

T9€9¢  TWO-  0I0  SI'T IO 167 79Tl 10L €10 IEL SE6L S6'6Y 6€EY £8°0y 7901 I 97-80-8LHD

8EPST 000 €10 6Ll 1T0 €T €970 0EL U0 LEL 8561 €TV 3134 £8°0p 7901 [ €2-80-8LHD

90vLT  8TO-  TTO  0TT  1TO ore  PEOL  STL 0C0  E€STL E€LVD 810 6y £8°0V 7901 1 0T-80-8LHD
1669C 60— €20 61T 120 6T¢ LTOL TIL 070  6SIL  S9PL  OL'6b 6y £8°0p 7901 I £I-80-8LHD
a 10T ‘04 ‘ol 0% Of*N 0®¥) O3W Oun ,0d ‘O%v ‘01s (wydsg M, BuoT N, el apduwreg

30

sjuowaa Jole

¢ NolLl 01 N 0] wolIj sijeseq 28pry suuepy-piy jo suonisodwoos juawafs aoen pue Jofepy

[ d7dVL



31

(N(wg/e7) 89) soner pazifewnsou paysi] Sune[no[es 10J pasp) 4
(AIINDON g 15A[RUR) "V'S'() ‘[ ‘SISA[BUE UOTIBANOE UOIINAU [BIUSWINISU] 5
‘ouel] “YHWHUA] 9I0Ys-uo ‘sasA[eue dusdsatonfj Aei-yx ,
' 3977 ‘..A0NR{ sUog YIWopeNY,, A/ Y PIL0q-Uo ‘sask[eue aousdsalony) Aei-x P
"90UBL ‘9N 91191 110jBIOGET (SosA[EUR UONBANOR UOHNAU [ewrdyndy ,
"Jeseq MO[J 193ys 10 mo[[id jo Joudrul = | ‘sse(d eseq = O 2dAL
‘widd ur 918 SUOTIRIIUIOUOD JUSWA[D 20k} 1910 pue [P 9p] ur
PAUYSp St UONOUN] JUBUNWLIISIP ST 7 D, 0S0T PUB (01 U99M12q UONTUTI UO SINE[OA JO SSOf ST [ “(0R S UOII [£10) ST |, 03 :(%"1M) UI SUONEIUOUOD JUIWI[ Jofew [Ty

ST00 810 IE0  6¥00  ZEO  HLOO  ITO 850 80 0£°0 3 SON[EA UONEZIBULION
8L0  0ST P LOE 8 6190 LI¥Y S99 VUL SKL 6191 8% - 6191  9€°S I 1-8v A1
0TT 68T Ty €8T  LE 990  S¥E  I8S 8960 679 LSV £p - 6161  19L I I-Lr QLT
€0CT O¥C  6¢ 16T  S€  6LE0 VLT T8V v680  T6S 8yl 0Ly LL9T  SO0E  TIEI I sy alic
0T obT I 06  LE  8EE0  €9T  LES 980 - L6V P 6691  000€  T6TL I I-v¥ A1t
6LT  LE8  i¥ 8T 8¢ 6I€0  ITT  9SE 6850  SLE  ¥T60  IST 96 LLST 99 I 10Z-90-LLHD
LT 98T 66 IST  LE  L8TO  TTT - SpLo - ¥ETT  T§E €TEL I0ET ThOL I LST-90-LLHO
60T EST v SLT  SE  TEP0  L6T  9€'S  T660 659  €I9T  9Lb 0961  8yEE  TTWI I Ty aue
6v0 8L Ty vlE  9€ 860  ITHP  vEL 080T  LT9  S9ET  9¢y  OEIL  60TL  £0°€ I T-0F A1l

N(ws/e7) D o) A. 98 ny qA £a qL PD ng wg PN D v adAy ordureg
5 SIUDWIR[3 UONISULI) IS| PUR SYIILS 318y

91z 09% €10 €IS £r's S0 §0 1£00  2€0 8200 $INTEA UOHEZTEWION

- $5°0 08¢ 08€01 - 441 0201 9 6 - - - D v-8F A 11T
€50 $5°0 01y 00201 0€'E Lzl ST 69 79 wo Ly vE0 s} £-8% A1
€50 Lro o'y - o1t Ll 0021 8g 89 6€°0 0's 0 I T8y A1t
150 99°0 o'ty 09501 0c'e 611 9021 LL 6 or'o 6v €0 o I-8v AT
06'0 66'0 (133 0zv6 06'C 911 LTt T 001 790 L9 $9°0 o "Ly AIIT
8LT 191 0'0¢ 07001 o1t €1 £EET $0T Uiz T LTl or't I £-9% A1
881 91 0’1z ovLL 01 16 0L8 (42! 961 60 98 080 1 -9y alIt
SL'T 691 0'8T 02001 0g'e et £1€L 60T L1z 8¢'T 91 €1 s} (2340114
L1 $9'1 067 ov101 or'e 8Tl L'EET 90T vz 81 01 871 I I-sv QIIe
06'1 91 0’67 09911 0T’€ 231 v'8zl £'€T o€z SV 91 A o £vy ALz
81 - - 0996 00 - - - - 0ET 9L kA o) I-vv a1z
w61 €L'T 19T 0896 v6'C w - 90T - SE'T 0Tl LTt I $0T-90-LLHO
oLt £r'1 (44 ore9 081 8 - LTI - £EL'0 9 690 I £02-90-LLHD
181 0S'1 07T ov6s Ls1 vL - 801 - 89°0 09 $9°0 I 102-90-LLHD
S0'T 98'T 8'sT 0zs8 Lvt 801 - 961 - 141 901 £l o LST-90-LLHD
66'1 €81 09z 09v8 £$°C 01 - 781 - 0Tl r'o1 A8 I 9T1-90-LLHD
10T 081 ¥'9T 086L vE'T €01 - 1’81 - (491 T6 0T I STI-90-LLHO
861 L81 19z 09L8 097 ot1 - Toz - XA zo1 611 I YTI-90-LLHD
o1 £9'1 §sT 0z$8 6v'C L1 - 981 - STT 001 vI'L I 611-90-LLHD
(1A 8T'L 08¢ 0918 0€T <8 L'88 601 911 L90 79 Lvo I £-€v Q11T
00T Wl 0TE 07901 ov'e ov1 L'6ET 64T £92 €97 €€l o'l o AHI-€Y Q1I?
96’1 16'1 1343 07901 0s°€ Vel STYI 61T L9z v9'1 (43 61 s} ATI-EP QLT
96'1 61 0'ze 09801 143 9¢1 gLET §'sT 95T 651 671 671 s} €y QLI
v10 61°0 o1y 0vs6 0Te 911 vl 17 'l o 9T 1o s} 0¥ AIIT



32

43-1HYV), which was still freely popping on the
deck as it was degassing from its recent decom-
pression [26].

Major elements and Nb and Zr concentrations
were determined on board the “Akademik Boris
Petrov” by X-ray fluorescence spectrometry
according the procedure described by Bougault
and coworkers [27-30]. The (Nb/Zr), normal-
ized ratio provides the same information as the
(La/Sm)y normalized ratio about the level of
enrichment or depletion of MORBs [5,23]. Such
measurements provide key information on poten-
tial heterogeneities as a sampling cruise is pro-
gressing [5,10]. For post-cruise confirmation, the
rate earth element concentrations were determined
on the same samples by neutron activation analy-
sis at the University of Rhode Island [31], and La,
Th, Ta and Hf concentrations were measured at
the Laboratoire Pierre Sue using epithermal neu-
tron activation [32]. All these results, together with
our previous data, are presented in Table 1, along
with the exact location and depth of recovery of
dredged samples.

4. Along-ridge geochemical variations

The major element data (Table 1) indicate that
all basalts dredged between 10°N and 17°N are
typically tholeiitic in composition and the
FeO,/MgO ratio shows no evident variation with
respect to distance to fracture zones, or rift floor
elevation: but it should be noted that sampling
density remains sparse and the intervals between
stations are irregular. In contrast, the (Nb/Zr)y
normalized ratio shows a clear latitudinal change
(Fig. 3). Magmaphile element enriched basalts,
with (Nb/Zr) ratios similar in magnitude to
those found around the FAMOUS-Azores triple
junction [5,23], are located between the Marathon
(12°45’N) and the 15°20'N Fracture Zones.
Basalts recovered just south of the Marathon
Fracture Zone (2IID 40), on the short segment
between the Marathon and Mercurius (12°10"N)
Fracture Zones, have a very low (Nb/Zr)y (0.2)
and unusually depleted character for MAR basalts,
similar in this respect to samples recovered at site
504B on the Costa Rica Rift [33,34]; samples
collected immediately south of the Vema Fracture
Zone also are depleted. North of the 15°20'N
Fracture Zone basalts have chondritic to depleted
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Fig. 3. MAR zero age depth and variation of trace element
ratios between 10°N and 17°N. Open circles on the upper
part of the figure indicate dredge locations. (Nb/Zr)y,
(Ta/Hf)y and (La/Sm), ratios are chondrite-normalized
ratios. On the lower part of the figure, the (La/Sm) diagram,
open circles correspond to (La/Ti),, as substitutes of
(La/Sm),: see Fig. 4 for justification. Bathymetry from
Needham ([24] and unpublished).

ratios suggesting a possible gradient extending
across the 15°20"N Fracture Zone if interpolation
is made between stations. At any rate, the latitudi-
nal (Nb/Zr), variations demonstrate that all
basalts of the 14°N ridge segment have an
enriched character compared to those of adjacent
segments.

Shipboard conclusions based on (Nb/Zr)y
ratios are fully confirmed by the latitudinal varia-
tions of (La/Sm), and (Ta/Hf), chondrite-nor-
malized ratios, which were determined on shore
on the same samples. The striking similarity in the
(Nb/Zr) ., (Ta/Hf) and (La/Sm), latitudinal
profiles underlines the similar behavior of these
three pairs of elements during mantle evolution
and MORB genesis (Fig. 3). Fig. 4 illustrates the
large differences that exist between the enriched
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in silicate melts [13,23,36-39]. La, Ta and Nb behave exactly the same way in MORBs that display flat to enriched patterns; we
observe systematically a negative Nb, Ta anomaly for MORBs that have depleted patterns. From this last observation, (Nb/Zr)y
and (Ta/Hf)y show a wider variation than (La/Sm), in the field of depleted MORBs. The La data come from both U.R.I. (filled

symbols) and P. Sue (open symbols).

type of basalts located on the 14°N segment
(sample 2IID 45-2), the depleted character of
basalts located immediately south of the Marathon
Fracture Zone (sample 2IID 40-2) and a nearly
flat pattern observed just north of the 15°20'N
Fracture Zone (sample 211D 47).

The above results suggest that the total along-
strike length of the 14°N geochemical anomaly
would not appear to exceed 450 km and could be
less if no gradient exists across the 15°20'N Frac-
ture Zone. The anomaly thus resembles the spike-
like anomalies found facing the Circe (Ascension),
St. Helena and Tristan da Cunha off-ridge hot-
spots in the South Atlantic [14], and the anomaly
at the latitude of Oceanographer Fracture Zone in
the North Atlantic [3,16]. But, in contrast to the
other areas along the MAR, the variability of the
trace element ratios along the 14°N segment,
where only enriched samples where collected, is
small, not exceeding some 25%; all (Nb/Zr)y
ratios range from 1.5 to 1.9 with one exception
(1.2 for sample 2ITD 43-3, Table 1). Thus with

regard to variability, the anomaly on the 14°N
MAR segment, would seem to be more like that
found in a single dredge haul in the Atlantic along
segments displaying geochemical gradients about
ridge-centered hotspots, such as Iceland or the
Azores [1,3].

Petrological parameters or correlations based
on the glass compositions of mid-oceanic ridge
samples [40-43] also discriminate basalts erupted
along the 14° N segment from those located north
of 15°20'N Fracture Zone and south of the
Marathon Fracture Zone. As an example, dis-
criminant D [47,48] are reported in Table 1 and
can be compared to (Nb/Zr)y or (Ta/Hf)y.

In summary, the enriched (Nb/Zr), (Ta/Hf)y
and (La/Sm) ratios of the 14°N MAR segment
relative to adjacent segments reveal a distinct
anomaly resulting from mantle heterogeneity. This
interpretation has been recently confirmed with Sr
and Nd isotopic ratios [44]. It remains to be
shown whether the anomaly is strictly confined to
the 14°N MAR segment located between
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15°20’N Fracture Zone and the Marathon Frac-
ture Zone, or is more gradational, overlapping and
extending beyond the 15°20°N Fracture Zone.

5. Possible cause of the 14° N MAR anomaly

Several models are currently in vogue [45] to
explain the kind of geochemical and petrological
characteristics such as we have noted along the
MAR in the vicinity of 14° N. These include:

(1) The plum-pudding or marble-cake model:
this model was introduced to account for different
signatures of mantle heterogeneity found at a local
scale (e.g., a seamount) [46,47]. Small mantle do-
mains of various shapes are randomly and pas-
sively enbedded in a depleted upper mantle.

(2) The passive heterogeneity model {16]: it
differs from the previous model mainly in the size
of the domains. It assumes that fairly large iso-
lated anomalous domains are entrained in the
upwelling MORB mantle.

(3) Mixing to various degrees of a buoyant,
enriched plume, or chain of blobs, with the de-
pleted asthenosphere which they penetrate. In this
latter model, different dynamic or tectonic condi-
tions have been evoked to account for the large
geochemical and bathymetric anomalies along the
strike of the ridge, as well as for extent of mixing
and geochemical dispersion. Some of these factors
include (a) spreading rates as a measure of convec-
tive upper mantle overturn rates and stirring [48],
or (b) on-ridge versus off-ridge hotspot tectonic
configuration, or distance of plumes to ridge axes,
including the plume-source migrating-ridge sink
model [11].

(4) Some “surface effects” (e.g.: cold edge ef-
fect by fracture zones); different mantle domains
can be characterized by different melting points;
the zero age thermal gradient is expected to change
as a ridge-fracture zone intersection is approached
[18]; as a consequence, liquids can be produced in
different proportions from the different mantle
domains present, which, in the end, can be re-
flected in the basalts at the surface [19,49].

None of these models appears to be entirely
satisfactory for explaining the geochemical and
topographic observations made near 14°N. The
low variability of magmaphile element ratios such
as (Nb/Zr) over more than 110 km of the 14°N
segment is hardly compatible with the high degree

of freedom of the plum-pudding or marble-cake
model. The effect of fracture zones on the ratio of
enriched domains to depleted matrix being melted
can be ruled out, since in this model, the anomaly
should increase toward the fracture zones bracket-
ing the 14° N MAR segment (Fig. 3). The alterna-
tive possibility proposed by Langmuir et al. [19],
that fracture zone spacing, and geochemical
anomalies possibly confined to inter fracture zone
segments may reflect the scale of underlying man-
tle convective cells, should remain an open ques-
tion. Finally, the effect of average spreading rates
on the image of mantle heterogeneities, as seen in
the basalts, does not apply here over so limited a
distance (12°N to 17°N).

The influence from any radial dispersion over
time of an intra-plate plume, such as possibly
rising for example beneath the Cape Verde Is-
lands, would create a much broader and probably
more subdued geochemical anomaly along the
MAR axis, judging from recent observations made
in the South Atlantic [14,15]. The fixed plume
source, migrating-ridge sink and connecting chan-
nel model [11] must also be excluded since, in this
model, the along-strike length of the observed
anomaly would require a hotspot 500 km east of
the axis of the MAR, or the MAR would have
overridden such a hotspot some 100 My ago [11].
In fact, the nearest proposed hotspot (Cape Verde)
is at distance of some 1800 km and was overrid-
den by the MAR between 120 and 150 My ago
[50].

Two other possibilities for interpreting the
14° N geochemical anomaly concern a passive het-
erogeneity within the convecting mantle or a
ridge-centered plume at 14°N.

The length of the 14°N anomaly along strike
means that the passive heterogeneity model would
require a fairly large mantie domain. Plate tectonic
readjustments and triple junction relocation at
14° N could have triggered or facilitated the con-
struction of the 14° N elevation anomaly and the
off axis structures close to this latitude. To fit our
geochemical data, such constructional volcanism
at 14°N would have to be derived from an en-
riched mantle domain. This proposition raises the
question about the role that plate readjustments
could play at depth in the vicinity of plate
boundaries, and how they would facilitate the
upwelling of material derived from a hot enriched



embedded mantle domain whenever present.

The alternative model, the ridge centered plume,
would be consistent with the fact that some triple
junctions appear to have been triggered by the rise
of a mantle plume upwelling [51]. However, if this
model is invoked, the lack of a pronounced eleva-
tion anomaly, such as found over the Azores or
Iceland, would require that the plume has reached
the upper mantle recently and that the triple junc-
tion is embryonic. This is not an impossibility: the
low earthquake activity between the North and
South American plates has made it difficult to
locate the boundary and its intersection with the
MAR axis. Clearly the embryonic plume model
for 14°N is highly speculative and is considered
here as an hypothesis for testing.

An ideal model would explain the relationship
between the geochemical anomaly and the tectonic
features and events in the area, notably the 14°N
topographic high, and possibly the east-west
volcano-tectonic complex as well as changes in the
direction of plate motion. The passive heterogene-
ity and embryonic mantle plume models have
quite different implications concerning the ques-
tion of whether the upwelling of anomalous man-
tle is the effect or cause of plate readjustments.
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