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Abstract The Mid Atlantic Ridge is intcrsected by a humbéidang—offset transforms in the
equatorial region. The longest is the Romancheséoff- 950 km) located close to the
equator. The St. Paul transform (offset ~ 400 ksnpcated about 180 km to the north,
the Chain transform (offset ~ 300 Km) about 180tkrthe south.

Multibeam and magnetometric surveys as well as hggolution multichannel
seismic reflection experiments and rock and sedirsa@mpling were carried out during a
recent expedition to the eastern part of the Romat@ansform. This field work is part of
PRIMAR (Russian lItalian Mid Atlantic Ridge Project collaboration for the study of
mid ocean ridges between the Russian Academy ofnSes and the Italian CNR
(National Research Council).

A detailed morphobathymetric survey of a limitedaat the eastern ridge/transform
intersection (RTI) suggests that the axial segréspreading approaching the transform
loses a well defined morphotectonic signature. Arerall oblique trend prevails,
probably resulting from a number of shert-enchelorridge segments. No well defined
nodal deep was observed. An aseismic rift valleg wlaserved about 80 km west of the
present RTI, suggesting a ridge jump to the eastetimes within the last 5 my. A
markedly alkalic magmatism has been recently acizar the RTI. These data suggest
that the axial system of spreading approachingrRibimanche transform from the south is
sluggish and not well established, possibly dueateelatively «cold» upper mantle
thermal regime below.

Major positive topographic anomalies, reaching o¢ekm above the predicted
thermal contraction level of the crust. are foundthe transverse ridge opposite the
eastern RTI. Seismic reflection profiles and botwamples indicate that shallow reliefs
on the crest of the transverse ridge are wave-drbtecks of oceanic lithosphere that
formed islands between 10 and 5 my ago and subsided then at rapid (~ 0.2 mm/y)
rates. Their summits are now covered by originalgllow water reef-lagunar carbonate
caps, whose thickness ranges from 200 to 400 m.

An aseismic valley is observed to the north of anldparallel to the presently active
transform valley. The active and inactive valleygrge near the eastern RTI. The
inactive valley can be traced westwards as a cootis feature up to about 150 km from
the western RTI. It is probably the trace of a ferrocation of the Romanche transform
boundary, that became inactive between 8 and 1@goy It appears. therefore, that the
Romanche ridge/transform geometry has changedfisignily through time. with ridge
jumps that have increased the length of the tramsfoffset and migration and the
reorientation of the transform boundary.

Transpression and transtension due to changesindye/transform geometry and
to a non-straight transform boundary are probabdy inajor cause of vertical crustal
motion responsible for the topographic anomaliethisfarea.

KEY woRDS Equatorial Atlantic. Romanche Fracture Zone. Batétry. Reflection Seismics. Vertical Tectonics.

31



E. Bonatti et al.

Introduction and background spreading rate is derived from plate kinematic
reconstructions of Candet al.(1988). The
shallowest depths are reached in the narrow
transverse ridge flanking the northern side Of
the transform, east of about 18° W. This
constitutes a major topographic anomaly that
that are separated by several long offset (> rises up to 4 km above the level predicted by

300 km), E-W transform's. This is C'eé!”y the thermal contraction depth age law (Bonatti
seen in satellite radar altimetry elaborations and Chermack, 1981; Bonatét al, 1993)
(F'gl'( 1) or in tmapsF_of OgStrﬁ]u“?n of ?azcﬂ,:r'] With the assumptions defined above the crust
quake epicenters (Fig. 2). The largest of the affected by the topographic anomaly ranges in
transforms is the Romanche (offset ~ 950 age roughly from 35 to 55 million years.
ET)PIOCF:ed \:‘ery cIo;e :[[o~t280e|((quat_or.l The Previous work has indicated that the summit
) d baltj ransloolr\lm (Od 52(3 N m) LSI olcgg of the transverse ridge was above sea level up
ke e\tl\fllee?th Ran h "i'bml:gw}(’) K to about 5 my before present and subsided
M north of he omanche. AAbou M since then at a rate one order of magnitude

south of the Romanche we find the Chain ;

faster than the plate thermal subsidence rate
transform (offset ~ 300 km). Each Qf these (Bonatti et al, 1979; Bonatti and Chermak,
transforms has a strong topographic signa- 1981)

ture, generally with a deep transform valley
parallelled by prominent transverse ridges.
These transverse ridges constitute major to-
pographic anomalies relative to the thermal

The Equatorial region of the Atlantic
Ocean is geologically peculiar. The axis of
the Mid Atlantic Ridge (MAR) is broken in
short (< 200 Km), roughly N-S, segments

We report in this paper the first results of
an expedition carried out on the eastern part of
the Romanche transform by the research ship
; - «Akademik Nikolay Strakhov» of Moscow’s
subsidence curve c_)f the oceanic lithosphere. Geology Institute of the Russian Academy of
Th‘? topographic signature of each OT these Sciences. This expedition (S-13) was part of
'T‘dal"; 't(;ansf?frm? car:j be trzcedhout&?e the PRIMAR (Russian Italian Mid Atlantic Ridge
'::angde ;'S gffa((:)tu?g ’zc?:escf?cr)]m eonse Osvi\(/jne '?o Pj[)ﬁ'e Project), a long range collaboration between

: : : the Russian Academy of Sciences and the
other of the Atlantic (Fig. 1). Given the Italian CNR (National Research Council) for

a_k()joveathelequa'[logtatldAtle?ntic ma3r/1 be con- the study of mid ocean ridges. The expedition
sidered a farge latitudinal megashear zone,,, place in the period November 1991-

that crosses the ocean from coast to coast. January 1992. The field work consisted in

t_Thet Ror?ancheftr;l]nsforrp IS th.z longest multibeam and magnetometric surveys of
active transform of the entire mid ocean o acteq areas at the eastern ridge/transform

ridge system (Heezenet al, 1964). - - -

LN intersection (RTI) as well as multichannel
SEASAJ] tgf[ﬁVIt)é |mager:y f(Hatxby, 1987) high-resolution seismic reflection experiments
Shows that the Romanche Tracluré zoné can, g .k and sediment sampling.

be traced across the equatorial Atlantic from
an offset of the Gulf of Guinea continental
shelf to an E-W branch of the North
Brazilian Ridge on the American side (Fig. Methods
1). Thus, the Romanche probably originated  The ship’s position was determined with a
as a continent/continent transform at the GPS NAVSTAR satellite navigation system.
time of initial rifting of the protoAtlantic. Morphobathymetry was obtained with a
The Romanche is characterised by a Hollming Echos 625 multibbeam system, con-
deep, roughly E-W valley flanked on both sjsting of 15 (12.5 kHz) beams covering a
sides by two prominent ridges and by a swath of seafloor roughly 2/3 water depth in
system of secondary parallel troughs and width. Rock and sediment sampling were
ridges (Heezeret al, 1964; Gorini, 1977,  carried out by conventional dredging and
Chermak, 1979). If we assume a constant coring methods.
ridge/transform geometry and an average  Seismic reflection data were obtained
spreading rate of 1.75 cm/year (one way) using a Sodera Gl gun as sound source. It
both N and S of the transform, the offset operated in harmonic mode configuration, with
represents about 50 my. The assumed the capacity of 105 cubic inches fdre t
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Fig. 4 — Shaded relief map of thc Romanche transform regierived by bathymetric data. Shaded relief map w
obtained assuming illumination from NW 45° over tiarizon. Horizontal resolution is | km, no verliexageration.
Mercator projection at 0°.

generator as well as for the injector, at the contrary to the western RTI (where, however,
pressure of 2000 psi. The receiving data coverage is not as good); (b) a more or
streamer, made by Teledyne, employed 24 less continuous aseismic valley is observed to
channels (each with 20 hydrophones) spacedthe north of the active transform valley. The
25 m apart. Seismic source and nearestaseismic valley merges into the active valley
channel were spaced 150 m apart. Shotnear the eastern RTI; (c) the transverse ridge
interval was 50 m, allowing six fold rises prominently on the northern side of the
coverage. Digital acquisition was carried out transform, reaching its maximum relief in an
with a Geometrics ES2420, with a sampling area opposite the eastern RTI; (d) the active
rate of 1 ms., record length of 11 s. and an transform valley, defined on the base of
antialias filter of 180 Hz. Seismic data have earthquake epicenters, in not straight but has a
been processed at the Institute of Marine few bends in its orientation.
Geology of the C.N.R. of Bologna using an Bathymetric data from Monti and Mercier
industry-standard package (DISCO) made (1991), Searlet al. (1993) and from this work
by CogniSeis. were digitized, merged and edited at IGM-
CNR of Bologna (Bortoluzzi and Ligi, 1986,
1987, 1988). After processing with a regular-
Mor phobathymetry gridding program, the maps of Figs. 3, 4, 5, 6,

A synthesis of available bathymetric 7 were produced (Ligi and Bortoluzzi, 1989).

data from the Romanche region, including
our own and those of Monti and Mercier .
(1991), Honnoreet al. (1991) and Searlet _The east_ern Romanche transform/ridge

al. (1993) is presented in simplified form in Inter section.

Fig. 3. These bathymetric data have been  Based on topography, the axis of MAR
processed using the software PLOTMAP segment between the Chain and Remanche
(Ligi and Bortoluzzi, 1989) to produce a transforms is well constrained its southern
shaded relief map of the Romanche region portion. Here a well formed axial rift valley
(Fig. 4). The results of a close-spaced survey can be clearly identified, wherearthquake

of a limited area near the eastern RTI is epicenters are clustered (Figs.3}, However,
shown in Fig. 5. Of the many features shown the northern portion of thAR, close to its

by these maps, we note that: (a) the easternimpact against the Romanche, does not show a
RTI is not well defined morphologically, clear topographic
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INACTIVE TRANSVERSE RIDGE
SUSPENDED VALLEY

ACTIVE
TRANSFORM
VALLEY

\

INACTIVE
RIFT VALLEY

ACTIVE

RIFT VALLEY ~ km100

Fig. 6 — Three-dimensional view of thc Romanche transfeastern intersection. View from SE.

signature (Figs. 3, 4, 5, 6). Oblique trends Petrological studies of basaltic and
are observed. Based on epicenters and topo-gabbroic rocks sampled from the eastern RTI
graphy the presently active axis of spreading area indicate a widespread magmatism with a
is fragmented in short segments, some pos-strongly alkalic affinity, in contrast to normally
sibly with oblique strike. The intersection prevaling MORB compositions (Peyve and
with the transform occurs probably at about Sushevskaja, in  preparation).  Alkalic
16°30'W. No nodal deep is observed. This is magmatism has been found to be relatively
surprising, because for a long offset, slow common elsewhere along the Romanche
slip transform such as the Romanche, where transform (Bonattet al, 1979).

the MAR impacts against ~ 50 my old litho-

sphere, a well developed nodal deep is pre-

dicted by theory (Fox and Gallo, 1984).

An aseismic valley impacts against the
Romanche at about [7°10'Wi.e, 80 km
west of the inferred RTI (Fig. 3, 4, 5, 6). The
topography of this valley is consistent with
the interpretation that it represents a former
presently inactive axial rift valley. If this in-
terpretation is correct, a ridge axis jump to
the east of about 80 km is called for some-
time within the last 5 my, increasing the off-
set length of the transform.

Inactivetransform valley

A major «suspended valley» has been
previously identified on the northern wall of
the transform valley (Honnoreet al, 1991;

' Mamaloukas-Frangoulis, 1992). This suspen-
ded valley is clearly displayed in the 3-D
elaboration of topography shown in Fig. 6,
where it is seen to merge with the active
transform valley in the general area of the
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Fig. 7 — Tracks of seismic reflection profiles carriedt aluring Cruise S-13. The portions of the profilegwn in
Figs. 8, 9 and 11 are marked with 21 thicker li&&#es where rock samples were recovered are aticabed, with
different symbols for different rock types.

RTI. The angle between the active trans- be affected by sets Of low angle listric faults
form valley and the suspended valley is and smaller antithetic faults dipping in the
about 10°. opposite direction, suggesting N-S extentional
A roughly N/S seismic reflection profile  tectonics.
across the summit of the transverse ridge It is important to note that the suspended
and the suspended valley at about 17° W valley can be traced as a continuous feature
(ROM3, Figs. 7, 8) shows that the suspen- westwards for several hundreds kms, up to
ded valley contains a sediment pile about about 150 km from the western RTI (Fig. 3, 4).
500 msec. or ~ 450 m thick (assuming sound A possible interpretation is that this aseismic
velocity of 1.8 cm/sec). Moreover, the base- valley represents the trace of a former location
ment below the suspended valley appears to of the Romanche transform boundary. Given
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Eastern Romanche transform

that this inactive valley appears only about sampled, and was found to consist in all the
150 km from the western MAR segment three reliefs of shallow water limestones in reef
(Fig. 3, 4), and assuming a one way and lagunar facies displaying evidence of
spreading rate of 1.75 cm/y, we estimate that subaerial exposure (Bonati al., 1979, 1993).
the valley ceased to be an active transform Emersion as islands of these reliefs sometime
boundary between 8 and 10 my ago. in the past is confirmed by the recovery of
ventifact basaltic pebbles from relief A by
Honnorezet al, (1992) and from relief C by
us. Seismic reflection profile over relief A
(Fig. 9a) shows what appears to be a sunken
Fracture zone transverse ridgese.( atoll, with a carbonate platform, a lagoon
ridges flanking slow-slip transforms and prograded by sediments and a fringing reef.
partly also their inactive fracture zone exten- We propose the following interpretation of
sions) can be major topographic features the seismic and lithological data. The units
(Bonatti, 1978). The transverse ridge run- below the horizontal reflectors consist of
ning on the northern side of the Romanche blocks of oceanic crust and upper mantle.
transform valley becomes particularly pro- These lithospheric blocks were uplifted and
minent in the eastern portion of the trans- their tops reached above sea level. Subsi-
form offset. The shallowest (< 2000 m be- dence followed. Erosion and wave truncation
low sea level) stretch of this transverse ridge flattened the summit of the blocks at sea level
is located roughly opposite the eastern RTI during subsidence. Shallow carbonate banks,
(Fig. 3, 4, 5). As noted by Honnoret al. reefs and lagoons were implanted on the
(1991) and Mamaloukas-Frangoulis (1992), horizontal, erosional surfaces of the
the transverse ridge appears to be asym-lithospheric blocks. These carbonate caps were
metric in N/S sections, its N-facing slope exposed above sea level during minor reversals
being less steep than the S-facing one.and oscillations of sea level and of the vertical
Moreover, the S-facing slope is interrupted motions of the lithospheric blocks. Overall
by the suspended valley described in the subsidence continued, the carbonate reef
previous section. The suspended valley formations sank rapidly and ceased to grow, up
deepens towards the E and merges with theto the present situation when the tops of the

The Romanche northern transverse
ridge

presently active transform valley at about
the longitude of the eastern RTI. The
shallowest (< 2000 m) portion of the
transverse ridge displays a number of flat-
top reliefs elongated roughly E-W. We
identify them from W to E as reliefs A, B, C
and D (Fig. 4). Samples were obtained from
different sites on the transverse ridge during
this and previous expeditions. A seismic
reflection line was run roughly E-W along
the crest of the transverse ridge (line ROM-
2, Fig. 7) and three lines were run roughly
normal to it (ROM-1, ROM-3 and ROM-5,
Fig. 7).

Reliefs A, B and C show similar charac-
teristics. Their summits range from a
maximum of 930 m to a minimum of 1200
m below the sea level. A prominent more or
less horizontal reflector is observed in all the
three reliefs (Fig. 9 a-b). No clear reflec-
tions were detected below this horizontal re-
flector. Above this reflector transparent,
stratified unit is observed. This unit was
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reliefs lie between 1 and 1.5 km below sea
level. This sequence of events is illustrated
schematically in the cartoon of Fig. 10. Some
time constraints of these events can be
provided by paleontological ages that were
obtained on carbonates sampled from the
shallow water reef/lagunar limestone unit
capping relief A (Bonattet al, 1979).

Age determinations, based on planctonic
Foraminifera and on Stylophora sp. corals, date
the shallow water carbonates sampled from
relief A at the Miocene-Pliocene boundary,
about 5 1 1 mybp. Assuming the summit of the
relief was at sea level at that time, and that sea
level at the end of the Miocene was within 50
m of present day sea level (Shackleton and
Kennett, 1975), an average subsidence rate of
0.2 mm/y can be estimated. This rate is one
order of magnitude faster than the thermal
subsidence estimated for 50 my old crust
(Bonatti et al, 1979; Bonatti and Chermak,
1981).

The easternmost relief of our survey on
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Fig. 10— Cartoon illustrating a possible model of vertioations on the transverse ridge giving rise taridb.

the transverse ridge (relief D) has a seismic segment, suggested by the presence of an
signature very different from that of reliefs aseismic former rift valley ~ 80 Km west of
A, B and C. It lacks a carbonate cap and the present RTI, might have taken place
shows reflectors down to about 8 sec (Fig. about < 5 My ago, thus increasing the offset
11). Igneous basement was not reached, andength significantly. This might be the last
this stretch of transverse ridge appears toof a series of events that have nearly
consist of a thick (~ 4 km) pile of sedimen- doubled the length of offset of the

tary rocks affected by folds and overthrusts.
An interpretation of this profile must wait

for additional processing and for study of
samples recovered from this area.

Discussion

Non-steady-state ridge/transform geo-
metry — A first analysis of the results
obtained to date indicates that the
MAR/transform geometry in the Romanche

Romanche trans-form since the opening of
the Atlantic, when the «proto Romanche»
probably acted as a continent/continent
transform.

Non straight transform boundary If
we assume as a first order approssimation
that the Romanche transform boundary
presently runs along the deeper part of the
seismically active transform valley, the
boundary appears not to be straight. It shows
a number of kinks and bends that change the
overall orientation of the transform from
about E-W in its western part to WNW-ENE

area might have changed considerably in its eastern part. This change in orientation

through time. Two types of changes are

is confirmed if we consider the trace of the

suggested by the data: (a) migration and transform boundary identified by Belderson

reorientation of the transform boundary and
(b) migration or jump of the MAR axis
segment impacting against the transform.
The migration and reorientation of the
transform boundary is suggested by the pre

et al. (1984) and Searlet al. (1993) based
on GLORIA data. A non straight transform
boundary may determine zones of transpres-
sion and of transtension along the transform

- boundary, as indicated schematically in Fig.

sence of the aseismic valley running subpar- 12.

allel to and on the northern side of the
presently active transform valley. We have
mentioned in a previous section of this pa-
per that the inactive valley might have repre-
sented the active transform boundary prior
to about 8-10 my ago.

A jump to the east of the eastern ridge

44

Vertical tectonics and the origin of the
transverse ridge— An analysis of possible
factors responsible for the development of
the large topographic anomalies observed
along the Romanche transform zone has
been carried out elsewhere (Bonattial,
1993).
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Fig. 11 - Portion of seismic reflection profile ROM-2 over relief D. A, migrated time section; B, line drawing. Location of this profile is shown in Fig. 7.
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Briefly, one possibility is that the trans- transits opposite the RTI (Bonatét al,
verse ridge is a constructional, volcanic 1993).
structure. However its elongated, narrow All these factors taken together can ac-
morphology is quite untypical of volcanic count for no more than about'20% of the up
structures. Only at one site on the southernto ~ 4 km uplift inferred for portions of the
slope of the transverse ridge across the RTI, Romanche transverse ridge.
fragments of fresh-looking basalts were It has been recognised for a long time
sampled, raising the possibility that some that adjacent blocks in continental strike-slip
volcanism might have spilled over on the terrains can either converge or diverge, with
transverse ridge from the MAR axis across important structural consequences (Wilcox
the RTI. However, basalts recovered et al, 1973; Christie-Blick and Biddle,
elsewhere from several sites on the upper 1985). Anomalous topography can result
slopes are strongly altered, consistently with from vertical tectonic movements of upper
their being part of ~ 50 My old crust lithospheric slivers, due to transpressional or
originally formed at the western MAR axis. transtensional events related either to non
The recovery of lower crustal gabbros and straight transform boundaries, or to changes
upper mantle peridotites on the slopes of the in the direction of spreading and consequent
transverse ridge as well as its morphology reorientation of transforms, as well as to
suggest that this feature is not a transform migration connected with longitu-
constructional volcanic structure but an dinal propagation of ridge segments (Me-
uplifted sliver of oceanic lithosphere. nard and Atwater, 1967; Bonatti, 1978; Bo-

A number of processes related directly natti and Crane, 1982; Karson, 1986).
or indirectly to the thermal structure of the ~ Transpression due to clockwise changes
lithosphere adjacent to the transform can in the direction of motion of the plates
contribute to the vertical motions. Horizon- adjacent to right-lateral transforms such as
tal conduction of heat from the hot ridge the Romanche, Vema and Kane is probably
axis to the old cold plate across the RTI can Particularly effective in inducing vertical
cause swelling and uplift of the old litho- tectonics (Bonatti, 1978; Tucholke and
sphere (Langseth and Hobart, 1976; Louden Shouten, 1988).
and Forsyth, 1976; Chen, 1988). It has been  In addition, based on GLORIA data,
estimated, however, that for a long-offset, Showing a non-straight Romanche transform
slow slip transform such as the Romanche Poundary, portions of the lithospheric plate
this effect may cause a few hundred meters On the northern side of the transform are
uplift at the most (Chen, 1988; Bonattial, likely to impact against the boundary deter-
1993). Shear frictional heating occur in a Mining a transpressional regime (Fig. 12).
long offset transform but cannot contribute Conversely, estension should prevail in
significantly to the required uplift (Chen, Some areas along the southern margin of the
1988). Lithospheric flexure due to the ther- transform boundary (Fig. 12), possibly with
mal contraction of the aging and cooling & tendency for pull-apart basins to form.

plate may cause uplift adjacent to the trans- e suggest that compression due to the
form that will not be over ~ 200 m (Par- oblique impact of the direction of spreading
mentier and Haxby, 1986). against the eastern branch of the Romanche

transform boundary might have been, in a
general way, the main cause of the anoma-
lous uplifted lithosphere observed on the
northeastern side of the Romanche. Com-
pression was documented on the eastern-
most relief (relief D) of the transverse ridge,
where the thick sedimentary deposits are af-
fected by folding and overthrusts.

The geometry of Fig. 12 implies areas ol

Hydration of the mantle ultramafic rocks
may take place below 500° C due to sea wa-
ter penetration into crust that is highly per-
meable and of reduced crustal thickness near
the RTI. The consequent decrease of density
of hydrated upper mantle may cause uplift in
the first few million years of spreading away
from the RTI. However, dehydration and

subsidence - will occur ~when the old transtension on the southern side of the
lithosphere is reheated upon transiting ) )
transform close to bends in strike of the

across the other RTI. Thus, dehydration-in- transform boundary
duced subsidence works against reheating- We can further speculate that in the area

induced uplift when the old lithosphere where the suspended valléye{ the old
46
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Fig. 12— Schematic and simplified model indicating thanspression and transtension can develop dubddnd

in the transform boundary.

transform) merges with the presently active
transform, the tectonic regime changed to
transtensional about 5 mybp. The «Vema
Depth» (Heezeret al, 1964), an ultradeep
(> 7.5 km below sea level) sediment free
basin at about 18°30’'W along the transform
valley, is probably a pull apart basin that
formed as a result (Fig. 12). At the same
time reliefs A, B and C, that 5 mybp were
located close to the confluence of the old
with the new transform, started to subside.
Another event that probably occurred
around 5 mybp is the eastward jumping of
the MAR axis at the eastern RTI by about 80
km to its present position.

Conclusions

The complex geotectonic situation on

the eastern part of the Romanche transform

and the complex evolution in time of this
situation will require much more field work
to be unravelled.

The Romanche functioned as a large
transform throughout the evolution of the
equatorial Atlantic. Although the offset
length was probably smaller in the past, this
situation makes it very probable that trans-

pressional and transtensional events oc-

curred throughout the history of opening of
the equatorial Atlantic, leading to intense
vertical motions of lithospheric blocks and
intermittent emersion of islands of tectonic
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origin. The tranverse ridges bounding the
equatorial transforms, resulting from such
vertical motions, can be traced from one side
of the Atlantic to the other. Drilling on one
such transverse ridges on the south
American margin (north Brazilian Ridge)
ended at the base of a sediment pile in Eo-
cene reef limestones (Badet al, 1970),
suggesting that the transverse ridge was at
sea level at that time.

The presence of elevated ridges and is-
lands across the equator has had probably
important consequences for deep cold water
circulation between the south and the north
Atlantic; for sedimentation, both in terms of
calcium carbonate dissolution (strongly af-
fected by deep cold water circulation) and
transport of terrigenous matter; for faunal
migrations, that might have been made pos-
sible to some extent by the presence of is-
lands even after the separation of Africa
from south America.

Aknowledgements.

We are xeiy grateful to the captain Leonid Sazortovthe
officers and crew of the R V A.N. Strakhov for theskill and
cooperation in the field work. The Italian scieigtifgroup is
particularly thankful for the warm hospitality ertéed to them on the
ship. We are very grateful for the generous coutiim extended to
the expedition by the Geomare Sud Institute of @N.R, Napoli.
Without this contribution and the support of thedator of Geomare,
prof. B. D Argenio. the expedition would not haveen possible, We
are also grateful to A. Knipper. A. Praturlon. Mucghelli. F.
Frascari. P. Zucchini. G. Marozzi. L. Masini. L. $ai. G. Zini. G.
Galleranir G. Carrara. F. Innocenti and C. Casell@ in various
capacities helped make the field work possible.

This research uas sponsored in part by the [talNR.
(Progetto Stratcgico Mar Rosso. Dorsali).

Contribution 922 of Istituto per la Geologia Maidel CNR.



E. Bonatti et al.

REFERENCES

BADER R.G.ET AL., 1970. Initial Reports, Deep Sea Drilling
Project, 4, 59-67.

BELDERSONR.H., JONESE.J.W.,GORINI M.A. AND KENYON
N.H., 1984. A long range side scan (GLORIA) sure¢y
the Romanche active transform in the equatorisdrtit.
Marine Geology. 56, 65-78.

BoNATTI E., 1978. Vertical tectonism in oceanic fracture
zones. Earth and Planet. Sci. Lett., 37, 369- 379.

BONATTI E. AND CHERMAK A., 1981. Formerly emerging
crustal blocks in the equatorial Atlantic. Tectohypsgic,
72, 165-180.

BONATTI E., GHERMAK A. AND HONNOREZ J., 1979.
Tectonism and igneous emplacement of crust in acean
transform zones. In: Maurice Ewing Series, American
Geophysical Union, 2, 239-248.

BONATTI E. AND CRANE K., 1982. Oscillatory spreading
explanation of anomalously old uplifted crust neeeanic
transforms. Nature, 300, 343-345.

BONATTI E., Ligi M., Gasperini L., Mazarovich A., Raznitsin
Y. AND Chen Y.J., 1994. Vertical Tectonics at the
Romanche fracture zone, equatorial Atlantic. Jour.
Geophys. Res., 99, 21779-21802.

BONATTI E., SARNTHEIM M., BOERSMA A., GORINI M. AND
HONNOREZ J., 1979. Neogene crustal emersion and
subsidence at the Romanche fracture zone. equatoria
Atlantic. Earth and Planet. Sci. Lett., 35, 369-383

BORTOLUZZI G. AND LIGI M., 1986. DIGMAP: a computer
program for accurate acquisition by digitizer of
geographical coordinates from conformal profetdi
Computers & Geosciences, 12, 175-197.

BoRrTOLUZZI G. AND LIGI M., 1987. Acquisition and display
of geographical data in conformal cartography: ion-I
and off-line applications. Bollettino di Oceanolagi
Teorica ed Applicata, 5, 173-197.

BoRTOLUZZI G. AND LiGI M., 1988. Examples of spatial
analysis management in the geographical and amalor
domains. In: Quantitative Analysis of Mineral andefgy
Resources, Ed. C.F. HONG, A.G. FBBRI and R.
SINDING-LARSEN, NATO ASI Series ,C223, 553-564,
Reidel Publisching Company, Dordrecht, Holland.

CANDE S.C.,LABREQUE J.L. AND HAXBY W.F., 1988. Plate
Kinematics of the South Atlantic: chron C34 to the
present. Jour. Geophys. Res., 93, 13479-13492.

CHEN Y., 1988. Thermal model of oceanic transform faults
Jour. Geophys. Res., 93, 8839-8851.

CHERMAK A., 1979. A structural study of the Romanche
fracture zone based on geophysical data. M.S. 3hesi
University of Miami, Miami, Florida, 223 p.

CHRISTIE-BLICK N. AND BIDDLE K.T., 1985. Deformation
and basin formation along strike-slip faults. In:TK
Biddle and N. Christie-Blick (Eds.), Strike-slip
deformation, Basin Formation and Sedimentation.. Soc
Econ. Paleont. Mineral., special publ. 37, 1-34.

FORSYTH D.W. AND WILSON B., 1984. Three dimensional
temperature structure of a ridge- transform-ridgstesm.
Earth and Planet. Sei. Lett., 70, 355- 362.

Fox P.J.AND GALLO D.G., 1984. A tectonic model for ridge-
transform-ridge plate boundaries. Teetonics, 108;242.
GORINI M.A., 1977. The tectonic fabric of the equatorial
Atlantic and adjoining continental margins: Gulf of
Guinea to northeastern Brazil. Ph.D. Thesis, Colamb

University, New York, 116 p.

HaxBy W.F., 1987. Gravity field of the world’s oceans.
NOAA/National Geophysical Data Center, Boulder
Colorado.

HEezeN B.C., BUNCE E.T., HERSEY J.B. AND THARP
M.,1964. Chain and Romanche fracture zones, eqahtor
Atlantic. Deep Sea Res., 11, 11-33.

HONNOREZ J., MAScLE J., BasiLE C., TRICART P.,
VILLENEUVE M. AND BERTAND H., 1991. Margin of a
segment of the Romanche fracture zone: a morpho-
structural analysis of a major transform fault dfet
equatorial Atlantic Ocean. Geology, 19, 795-798.

LANGSETHM.G. AND HOBART M.A.. 1976. Interpretation of
heathflow measurement in the Vema fracture zone.
Geophys. Res. Lett., 3, 241-244.

LiGI M. and BorTOLUZZI G., 1989. PLOTMAP: Geophysical
and Geological Applications of good standard qualit
cartographic software. Computers & Geosciences, 15,
519-585.

LoubeEN K.E. AND FoORSYTH D.W., 1976. Thermal
conduction across fracture zones and gravitatiedaje
effect. Jour. Geophys. Res., 81, 4869-4874.

MAMALOUKAS -FRANGOULIS V., 1992. Le zones de fracture
oceaniques. L'examplc de Z.F. Vema et Romanchea(oce
Atlantique). Ph.D. thesis, Univ. de Bretagne Ocuoidke,
Brest, France, 288 p.

MENARD H. W. AND ATWATER T., 1967. Changes in the
direction of seafloor spreading. Nature, 219, 463-4

MONTI S. AND MERCIERH., 1991. Carte bathymetrique de la
zone de fracture de la Romanche (1/1000000, Seabeam
EM12). IFREMER DRO/GM, Cartographie, Brest.

MORGAN J.P.AND FORSYTHD.W., 1988. Three dimensional
flow and temperature perturbations due to a trasfor
offset; effects on oceanic crust and upper matletire.
Jour. Geophys. Res., 93, 2955-2966.

PARMENTIER E.M. AND HAXBY W.F., 1986. Thermal stresses
in the oceanic lithosphere: evidence from geoidhzali®s
at fracture zones. Jour. Geophys. Res., 91, 7108:72

SEARLE R.C., THOMAS M.V AND JONES E.J.W., 1993.
Morphology and tectonics of the Romanche transfanch
its environs. Marine Geophys. Res., in press.

SHACKLETON N. AND KENNET J.P., 1975. Late Cenozoic
oxigen and carbon isotopic changes at DSDP 284:
implications for glacial history of the northernrhisphere.
DSDP Initial Reports, 29, 801-807.

TUCHOLKE B.E. AND SHOUTEN H., 1988. Kane fracture zone.
Marine Geophys. Res., 10, 1-39.

WiLcox R.E.,HARDING T.P.AND SEeLY D.R., 1973. Basic
wrench tectonics. Amer. Assoc. Petrol. Geol. B6IT., 74-
96.

48


https://www.researchgate.net/publication/265123695

