
ART. No 403 

Contribution COB No 571 
(Reprinted from Nature, VOL 273, No. 565 7, pp. 45-49, May 4. 1 9 78) 

O Macmillan Journuls L rd, 1 9 78 

Sampling and observation of oceanic 
mantle and crust on Gorringe Bank 

-THE structure and nature of the  uppermost oceanic mantle 
and crust has been, and still i&, the subject of a major 
international research effort'. Yet the direct field evidence 
known to us on this subject, whether obtained by drilling 
in the I.P.O.D. oceanic crust programme' o r  by submersible 
surveying in the Famous programme3, has been either very 
incomplete o r  limited to the  upper part of layer 2. A s  a 
result, the problem of the comparison between ophiolites 
and oceanic crust is still debated'. We report here the 
preliminary results of an in . t iru geological survey in which 
we have sampled and observed what we believe to be an  
almost complete geological section starting a few kilometres 
below the Moho discontinuity and ending in the upper part 
of layer 2 iref. 4). This section outcrops on the  flanks of 
Gorringe Bank, which is a ridge 200 km long and 60 km 
wide between Tagus and Horseshoe abyssal plains in the 
Atlantic ocean, South West of Cape Saint Vincent, 
Portugal (Fig. 1). - 

Gorringe Bank lies on  the northern boundary of the  
seismic helt which defines the Africa-Europe plate boundary 
between the Açores triple junction and Gibraltar. In the 
area of Gorringe Bank, the Africa plate is presently under- 
thrusting the Europe plate in a souih-south-east-north- 
north-west direction'. A very large, 350 mgal, gravimetry 
free-air anomaly is associated with the Bank. whereas the 
seismic helt t o  the south-east is characterised hy a -80 mgal 
negative anomaly"'. Le Pichon et al.' descrihed the structure 
associated with this seismic belt as  'an incipient trench 
between two oceanic plates' colliding at a relatively slow 
rate. Gorringe Bank was assumed by them t o  be a piece 
of oceanic crust uplifted at the time. of formation of the  
trench. 5-10 Myr ago. This interpretation led to  the 
implantation of hole 120 of the DV Glomar Challenger 
which indicated the  presence of Barremian (1 15 Myr) 
sediments lying directly over oceanic basement and sug- 
gested the existence of a significant amount of uplift (several 
kilometres) during the Mi~cene ' - '~ .  The hypothesis of  
Gorringe Bank as  a piece of oceanic crust uplifted and 
slightly tilted in Neogene time together with its original 
sedimentary cover was widely adoptedu-". It  was further 

Fig. 1 Location of dives and samplesites on Ciorringe Bank. (1 )  and (2) are bathymetric profiles shown on Figs 3 and 4. Heavy lines. zones 
surveyed by submersible dives; 0,  core; -. dredge. 
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pointed out that the age of the sedimentary cover agreed 
with the assumed age of opening between Iberia and North 
Americal'. 

Since then. however, a large amount of oceanographic 
work has suggested the importance of the Mewzoic and 
I'alaeogene complex evolution of the Africa--lberia plate 
boundaryI3-" and showed that the transform motion has 
been prevalent during a great part of its history. It thus 
seemed reasonable t o  associate Gorringe Bank with a palaeo- 
transform fault with which it had many structural and 
petrological similarities (refs 8-10. 16. 18, J. Cann, personai 
communication). In this interpretation, Gorringe Bank 
would be a diapir emplaced at an  initial time along the 
Transform Fault (see ref. 19). A geological field survey of  
Ciorringc Bank's flanks with the îubmersihle ('yana of the 
<'entre National pour l'Exploitation des Océans was made in 
August 1977 t o  test the validity of these interpretations. 

Gorringe Bank lies in a south-west-north-east direction 
betwecn the Taguî Abyssal Plain to  the north and the 
Horseshoe .Abyssal Plain to  the south (Fig. 1). It is 250 km 
long and 100 km wide. Its southern Rank has a thick sedi- 
mentary cover whereas the northern Rank is steeper with 
widespread large-scale slumping and consequent outcrop- 
ping of the acoustic basement. The  basement also outcrops 
near the summit where it pierces the sedimentary cover, 
forming two massifs which culminate a t  25 m water depth. 
Gettysburg to the south-west and Ormonde to the north- 
east. 

Two in situ geological sections have heen obtained. The 
first starts at a water depth of 2,600 m on  the northern 
flank and ends on the summit of Gettysburg. Twenty-two 
successful sampling stations were made during four sub- 
mersible dives along this north-west-south-east section. In 
addition. orientated samples were obtained on the summit 
(25  10 m )  by skin-diving. The second section starts at a 
depih of I.800m on the southern flank and ends on the 
edge of Ormonde at 200 m. Twelve sampling stations were 
made during three dives along this south-east-north-west 
section (Fig. 1). 

On  the basis of dredges in the area (Noratlante. Nestlante 
and Gibraco cruises of CNEXO, and J. Cann, personal 
communication), we had assumed that Gettysburg was 
es.entiallq made of sepentinite. This was confirmed by the 
first profile (Fig. 2) which demonstrates that the  serpen- 
tinites form a major part of outcrops and keep a remarkable 
structural and chemical homogeneity from top t o  bottom. 

These are former harzburgites, with a north-south banded 
structure dipping at 20" t o  the East. Evidence of high 
temperature plastic flow is present in most specimens. The 
orientated samples obtained on the summit by skin-diving 
show a foliation. due to  high temperature plastic flow, with 
a similar orientation. A 200 m high cliff, made up of micro- 
litic dolerites. at a depth of 1.250 m. corresponds either t o  
a sill o r  rather to  a thick flow. Dredgings had already shown 
the existence of a Cainozoic volcanic activity of this type". 
The serpentinites are widely covered by recent mud and by 
consolidated sediments of Cenozoic and Lower Cretaceous 
(Brirr~mo-Aptian)  age. Barremo-Aptian was also the age 
obtaincd hy the Glomar Challenger for  the sediments lying 
immediately above the basement. 

The slope is also covered with serpentinite blocks and 
pebhles. Rreccias made up of serpentinite blocks in a detrital 
calcareous matrix outcrop on steep scarps on the slope 
(Fig. 2). We believe that they are not due t o  tectonic 
activity of diapiric or faulting type as  listric surfaces have 
not been observed. They are  probably the result of slope 
ruhhle consolidation. Listric surfaces have been observed 
in massike serpentinite along nearly vertical fault planes 
with Lariahle directions. 

Thus Gettysburg consists of massive structurally homo- 
geneous serpentinite over a thickness of at least 2.6 km. 
,..i!li no indication o f  diapiric nci i~i ty,  suggesting tha~t it is a 
piece of mantle. Because of the frequent presence of gab- 
bros in the dredging made over Ornionde. we had assumed 
that it might correspond to a piece of oceanic crust. the 
70" tilting to  the East accounting for the dissqminetry 
between Ormonde and Gettysburg. This was veritied by the 
three dives made on the southern slope of Ormonde. 

Figure 3 shows that between 1.600 and 800 m. the slope 
consists of a monotonous rise covered with mud. with a 
few scarps made up of neogene limestones and conglomer- 
ates with volcanic pebbles. There is. however. a thick 
outcrop of kolcanic breccias near 1.000 m. Between 800 
and 450 m there are high cliffs made up of apparently 
fresh gahhros h a ~ i n g  an irregular structure with finer grain 
zones alternating with 'pegmatoidal' zones. They have a 
vague orientation with a 20' dip to the east or north-east. 
'This orientation is apparently tectonic as  bands of highly 
foliated gabbros cut the massive gabbros along the same 
orientation. Six hands, f rom one to a few metres thick, 
have been observed over 60 m of cliffs in gabbro. Towards 
the top. doleritic dykes become more and more numerous. 

Fia. 2 Synthetic section,of the north-west flank of Ciet,tysburg searnount. Dives 8. 9. 10, 1 1 ,  12. 1. isolated blocks: 2. lirnestones; 3. con- 
glornerate; 4. Albo-Aptian maris; 5. serpentinites breccias; 6, serpentinites; 7, rnicrolitic lavas: 8, dolerites; 9, fault; 10, schistosity lineation; 

I I ,  fracture trends; 12, horizontal rnovernent; 13, bedding dip; 14. sarnples collected during dives. 
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Fig. 3 Synthetic profile of the south-east flank of Ormonde seamount (dives 13. 14. 15). 1 .  isolated hlocks; 2, conglomerate: 3. limestones; 
4. volcanic breccia;5,gahbros; 6, phonolites: 7, basaltic pillow lavas and hasalts; 8,metagabbros; 9,diabase dykes; 10, bedding dip; I l .  

foliation lineaiion; 12, samples collected during dives. 

Their orientation seems t o  be quite constant: north-south 
with a 70 to 90" dip to  the east (10 measurements). Near 
450 m. dykes are  so numerous that the formation should 
be considered to be a dyke complex. The fine grained and 
greenish intruded rock might correspond to an  altered 
basalt. It is at this level that apparently basaltic pillow-lavas 
have heen observed ip the rubble. The section ends near 
200 m on the edge of Ormonde plateau in trachytic and 
phonolitic very fresh explosion breccias. These breccias are  
most probübly related to the C'ainozoic acid volcanisni". 

Gorringe Bank is independent of the Iberian continental 
margin and ts situated in an  oceanic environment between 
Tagus and Horseshoe Abyssal Plains (5.000 rn dep th)B~ '1~14~1b.  
The preceding descriptions present numerous affinities with 
an  ophiolitic complex in which Gettysburg is at its base 
(serpentinites with a tectonite structure) and Ormonde a t  its 
top (Fig. 4). However. we have not observed the chromite 
dunites and the gabbroïc cumulates expected in the inter- 
mediate section which may lie below 800 m in Ormonde. 
Similarly, we cannot prove that the dykes and the pillow 
lavas near the edge of Ormonde plateau are  basaltic. They 
might be due to  the Cenozoïc acid volcanism. In spite of 
these reservations, we conclude that Gorringe Bank is a 
piece of oceanic crust and that the interpretation which 
assimilates an ophiolitic complex to a fragment of oceanic 
rnantle and crust has been justified in the field. 

Another conclusion, of these observations is that the 
structure seems not to  be disturhed in a major way by 
faulting tectonics. A recent morphologie survey made 
before the dives suggests. however, that the bank is cut by 

north-north-east-south-south-west faults with probahly a 
left-lateral component of motion. We still d o  not have 
enough information to date the events after the  formation 
of this fragment of oceanic crust. We simply note that the 
oldest sediments (Barreiiio-Aptian) ohtained using a suh- 
mersible have the same age as  those obtained by drilling. 
and apparently lie directly on top of the serpentinites on 
the weît. whcreas thev lie on top of gahhros and ultrabasics 
at the drilling site. This suggests. but does not prove con- 
clusively. tliat the ultrahasics were already outcropping in 
Barremo-Aptian time. In this case the tilting of Gorringe 
Bank could be linked to the development of the very large 
ridge corresponding to J anomaly ( 1  10 Myr Aptian)' o r  with 
the initiation of spreading at the Jurassic-Cretaceous 
boundary. The survey has also confirmed the importance of 
an acid volcanic phase that can be linked with Cenozoïc 
tectonism""'. 

Thus. the Gorringe Bank would he the result of a n  itplift 
of about 10 km of the mantle and overlying oceanic crust, 
due t o  a slight eastward tilt. We found no evidence of maior 
deformations in the analysis of the rtructures of serpen- 
tinitec and redimentî. The zones of hiahly tectonised gabbros 
correspond to horizontal thrusts within the oceanic crust. 
They provide direct evidence for the existence in the 
oceanic crust of a n  important thrusting in various meta- 
rnorphic conditions. This hypothesis has been proposed for  
our  recent studies in ophiolites2'.". Tn this interpretation. 
the saddle between Gettysburg and Ormonde (Fig. 1) would 
correspond t o  the deeper part of the oceanic crust. Alter- 
natively. the general structure might be explained by a 
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Fig. 4 I n t e r p r e t a t i v e  
longitudinal section of 
Gettysburgand Ormonde 
seamounts. The sequence 
of the various layers is 
shown. 1, Serpentinites; 
2, intermediate bodies; 
3, gabbros; 4, basalts: 
5, sedimentary layers. 
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downward movement to the east of the fault suggested by 
the morphology between the two massifs. 

From our results it seems that a nearly complete oceanic 
crust section and 4 to 5 km of underlying upper mantle are 
outcropping on the flanks of Gorringe Bank. 

The conformity between the different basement layers 
and the lack of evidence of strong tectonic disturbance lead 
us to reject the hypothesis of a diapiric origin for the 
Gorringe Bank. Instead, we think that the present con- 
figuration of the Bank results from a gentle eastward tilt 
of the oceanic basement followed by vertical uplift. Also 
noteworthy is the fact that the surveyed section appears 
very similar to the standard section of an  ophiolitic complex. 
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