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The Mid-Atlantic Ridge between 14°N and 16%M is supposed to be in 2 magma-starved pogtion of a slow spreading ridge, whers igneous st is
virtually absent and rocks of the lower crust and upper mantle are distributed on the seafloor over about 100 km along the strike. The melling process,
mclt migration mechanismes, crustal deformmation mechanisms during the magma-starved teetonic seafloor spreading: these are fundamental questions
for the Uﬂdtr&tanding af glphﬂ] mid-ocean ridg: SYSICms, A gmph:,-sica! 5urv¢}r was conducted in June and ]l.ll.}' 1908 aboard the BAY Yokosuka to
characterize peophysically the on and off-axis ridge fanks. The survey tracks coverad a distance from 60 ki north to 140 kv south of the | 5%20°0
Fracture Zone. The tracks reached to 70 km off the ridge axis on both sides, the erustal age of which is about 5 m.y. old. Low amplitude geomagnetic
anomalies and magnetization variation, compared with more magmatically robust parts of the Mid-Atlantic Ridge, were observed, This is congistent
with the exposure of peridotite due to limited basaltic magma supply over a period of several million years. Low amplitude “bull’s eye” mantle
Beuguer anomalics were observed on the ridge segments flanking the active transform fauly This is probably due to- a limited magma supply, thus this
region has not gencrated thick igneous oceanic erust, The gravity data suppont the conclusion that the magma-starved nature of the region is along
lived phenomencn. Small amplitudal variations of mantle Bouguer anomal jes across the ridge axis may suggest that the density structure or crustal
thickness varies with time over about 2 m.y., thus the tectonic activity may be eyelic. The largest mantle Bouguer gravity anomalics are lows slong the
ridge axis at the northernmost and southernmost limits of our survey area. The simplest interpretation of these data seems to be that the large gravity
lows represent the centers of wrusually large magmatic segments a1 approximately 14°H and 16°M, probably as a result of 3-dimensional focusing of

melt gencration processes in the mantle,
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1. Introduction

The Mid-Atlantic Ridge between 14N and 16°N issupposed
to be in 2 magma-starved portion of 2 slow spreading rides,
where igneous crost is virually absent and rocks of the lower
crust and upper mantle are distributed on the seafloor over about
100 km along the strike (e.g. Cannat et al., 1997). The melting
process, melt migration mechanisms, crustal deformation
mechanisms during the magma-starved tectonic seafloor spread-
ing: these are fundamental questions for the understanding of
global mid-ocean ridge systems. The YEK98-05 Shinkai/
Yokosuka cruise (MODE "98 Leg 1) was conducted in this por-
tion of the Mid-Atlantic Ridge from June 17th to July 17th
1998 {Sun Juan, Pucrte Rico - Lisbon, Fortugal). The aim of
the dive survey aboard the research submersible Shinkai 6500
was to characterize upper mantle geochemistry. Particular em-
phasis was placed on determining the variation of these char-
acteristics along the axis {Kelemen et al., 1993; Matsumoto et
al., 1998). At nighttime and on the submersible’s maintenance
days, geophysical surveys, whose items included were swath

bathymetry, geomagnetics and gravity, were conducted aboard
the B/V Yokosuka, The aim of the geophysical surveys was to
provide a geophysical characterization of the on and off-axis
ridge flanks, which will be used to uaravel tectonic evolution
and crustal structure, both in the vicinity of the fracture zone
and in the adjacent ridge segments {Fujiwara et al., 1999),

1. Data Acquisition and Processing
2.1 Swath Bathymetry
Survey tracklines were designed to orient all tracklines at
least 107, and up to about 25-307, to plate flowlines to assure
that real morphological features, which are normally oriented
parallel and perpendicular to flowlings, can be distinguished
from artifacts caused by beam-point errors in multibeam
bathymetry (Fig. 1). Track spacing near the outer edge of the
survey was about §-7 km, and track spacing over the crest of
the rift mountaing again was about 5 km to get complete bathy-
metiic ¢overage, excepting occasional shallow ridges. The sur-
vey tracks covered a distance from 60 km north to 140 km

R/ Yokosuka Ship Tracks (YKS98-05:17/June/"99-17July/99)
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south of the 15720"N Fracture Zone. The tracks ceached 1o 70
km off the ridge axis on both sides, the ¢rustal age of which is
about 3 my. old {Debdets et al,, 1990). In the study area, the
total length of the geophysical measurement tracks amounted
to about 3,700 nautical miles (7,000 km), and 27,000 km? arcal
coverage was obtained. Differential observation of Global Po-
sitioning System {D-GP3) and World Geodetic System (WGES)
84 geopraphical coordinates were used to provide the geographi-
cal position, and Greenwich Mean Time (GMT) was vsed for
shipboard operations throughout this survey, Bathymetric data
were collected using a H3-10 mubti-narrow bearn ccho sounder
surveying system. The HS-10 has 43 beams and a swath width
of 90%, which covers a total of double the water depth. The
sound velocity profilc in the water column for depth calcula-
tion was based on the measurement of an ¢xpendable
bathothermograph (XBT) at 15°43.5"M, 46744.5°W (Fig. 1 and
2,

The bathymetrie data were eollected with data distribution
density of 100-200 m space interval, The small number of arti-
Facts included the occasional “cucl-up™ of the oulermost beams
and a few totally spuricus depth readings. About 3 % of beam
points were edited out. Positioning errors, from 22:00 on June
23 1998 to 0:00 on June 24 1998 GMT and from 10:00 on June
24 1998 to 22:50 on June 24 1995 GMT, were corrected, Cross
over errors in eenter beam depih within the YE98-035 data sel
have a mean valoe of 3.5231.0 m (Fig. 3} Emors between the
common geid nodes of the YE98-05 and a bathymetry dataser
of a previous cruise obtained by a French research group have
a mean value of 2.7£31.8 m in the northern study area, and of
3.0428,0 m in the southern area (Fig. 4). The two datasets were
merged after the correction by adding these mean depth offsets
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of 2.7 m in the northern area and 3.9 m in the southern arca,
respectively. Data were gridded at 0.1' by 0.1 {179 m in longi-
twde by 185 min latitude) cell size in ordaer to even out the data
density while preserving the characteristic high resolution of
multibeam data.
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Fig. 3 Histogram of cross over errors of the center beam bathymetry
in the YE@8-03 surviy.
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1.2 Geomagetics

Geomagnetic total force data were oblained by using a sur-
face-tovwed proton precession magnetometer STC 10 (Kawasaki
Geol. Eng. Co.). The sensor was towed 350 m behind the ship.
The data were collected every 20 seconds. After positioning
correction taking into account the sensor cable length, the geo-
magnetic total force anomaly was caleulated by subtracting the
International Geomagnetic Reference Field (IGRF) 1995 maodel
(IAGA, 1995) as the reference field and by offsetting the DC
field of -60 nT from the observed field. The data yielded cross
over errors of 3.4=22.3 aT. Diurnal variation was estimated by
uging the geomagnetic field observations themselves and re-

Table 1 Logof “Figure-8 tum™s.

3 Date(GMT) Location

duced, The method vses the anomalies and differences at track
Crass0vers to produce an acceptable diumnal variation curve
{Buchanan et al., 19961, Corrected anomalies reduce cross over
errors of up to -2.7£13.5 0T (Fig. 5).

Vector magnatic field data were collected using a shipboard
three-component magnetometer, Tierra Tecnica SFG-1212, with
a Tokimec ES=110 gyrocompass and 2 vertical reference unit
of the HS-10 multi-narrow beam echo sounder. The data sam-
pling rate was 8 He. The vector geomagnetic field was derived
from the observed magnetic field using the formulation de-
seribed in Appendix (Isezaki, 1986). “Figurc-8 turn™s (a ship
runs along o S-shaped wack consisting of two circles) were
made three times for calibration of the ship™s magnetic effeat
{Tablz 1). The vector geomagnetic anomaly was also caleu-
lated by subtracting the IGRF 1993 model from the obsarved
field, The resuliant anomalies suffered from strong bias. DC
fields were removed from the observed field with each track

1 20/8/98 18:10-18:22 15% 43.7'N, 48" 46.2"W i
2z O17/98 21:43-21:55 14° 558", 45°00.2'W Mk,
3 DEAOE 17:57-18:25 147 0B 5'M, 44° 23 .0W
Table 2 On-land gravity measuraments.
St DatelLocal Time) G-1039 Absolute S-063 Location
Gravity Gravity Graviy

| 194598 15:20 3534090 979758.1 10871.4 JAMSTEC

2 la/6ias 0916 2247.54 978664.5 Pier-3, Sun Juan, Poerto Rico

3 16/6/98 09:41 224975 978a666.7 Frontier Base Pier, Sun Juan

4 16/6/98 11:24 2243.06 978662.0 Capital Dome, Sun Juan

5 16/6/98 12:17 2247.55 978664.5 9779 4 Pier-3, Sun Juan

6 1777738 14:54 3653520 11201.0 Pier St. Apolonia, Lisbon, Pomugal

7 17/7/98 16:20 3655.13 OBO07T0.8 Pier St. Apolonia, Lisbon

8 1777798 18:06 3665.39 Q800809.3 Dioea Da Aleantara, Lisbon

9 1777198 1825 3663.10 9800879 Eastern End of Doca Da Alcantara, Lishon

10 17798 18:56 305534 112009 Pier St. Apolonia, Lisbon
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Bathymetry MAR 15°20°'N FZ (200m contoured)
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2.3 Gravity

Gravity data along the ship tracks were collected using the
LaCoste & Fomberg shipboard gravimeter 5-63. The data were
recorded every 10 seconds. Shipboard gravity data were tied to
absclute gravity values at some reference points measured us-
ing LaCoste & Fomberg gravimeter G-1093 (Table 2. After
Ettviés correction and sensor drift corcection with the rate of
(.12 mealiday, free-air gravity anomaly was calculated by sub-
teacting the theoretical geavity formula of the Geadetic Refar-
ence System 1967 (rom the observed data. A total of 203 track
erossings for estimation of crossover emors were obtained dur-
ing this cruise. Crossover ermors have a mean value of «0.5 mgal
and a standard deviation of 3.4 meal (Fig. 8).

3. Summary of Observational Results
3.1 Swath Bathymetry
The median valley of the ridge axis in the north of the 15°20°N
Fracture Zone trends in the MN-5 direction (Figure 7(a)). Mor-
phological trend of about M10°E is found on the ridge flanks
and in the median valley as well as the W-5 trending. The di-
rection of M10°E corresponds 1o the noemal direction of the
flowline of plate spreading estimated by a global analysis

(Dehdets e al., 19909, Along axis discontinuity, represented by

a transition from dome shaped highlands to rift mountains, is
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Fig, & Across-mis depth variation, The tick marks on the vortical
aees are 500 m apan. Dashed line with labels coresponds to
3.000 m depth far the profile, (a) north of the 1 5°20°N Frac-
ture Zong (b} south of the 15°20°M Fracture Zong
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traced in the western flank from the ridge axis at 15%950°N in
the strike of Na0*W, The ridge flanks from the fracture zone to
15%50"M show asymmetrical morphology (Figures 7a) and
E(a)). Dome-shaped topographic highs are dominant in the west-
ern flank. Flowling-parallel corrugations {(mullion structure)
associated with long-lived favles at some places were found
(Cazey et al., 1998). A dome-shaped wpographic high located
30 km west of the northern segment, termed a “megamullion™
was identified. Gabbro and peridotite were collected by the
Shinkai 6500 along a transect up the southern slope of this fiea-
ture and upper mantle rocks on the seafloor on very long-lived,
low angle faults due to tectonic seafloor spreading in the ab-
sence of magmatism. In contrast, topographic depressions
deeper than 3,000 m are dominant except inside comer highs
in the castern flank,

The 15°20'M Fracture Zone is lineated in a direction of about
HWI00PE. From 46°407W to 43°53"W, the fracture zone (trans-
form fault) has another lineation in a direction of about NOOCE,
The ridge axis is running in the steike of abowt W10°E between
the eastern ridge-transform intersection and 14°40°M (Figure
T(BY) In these off-ridge Nanks, two topographic lineations of
MNI0°E and N-3 eoexist. The ridge Manks show asymmetry: the
western flank is shallower than the eastern Mank exeept inside
comer highs (Figures 7(b}and (b)), Seamaount-like topographic
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Fig. & Along-asis depth variation. (a) north of the 15720 Fracture Zone. Dashed line shows overlapping spreading conter,

{b) south of the 15°20°N Fracture Zone,

linegted rift mountains are dominant in the western flank, South
of 145407, the topographic lineation shows only the N-5 trend-
ing, and the off-axis morphology is symmetrical. The depths of
the ridge Nanks in this portion arc the shallowest in the swdy
areg,

Four major segments are recognized along the ridge axis in
the study arca, Morth of 15°50°N, axial depth is nearly eonstant
at about 3,800 m (Figure Ha)). From 13°30°M 1o the fraciure
zone, the axial depth increases gradually. Belween 14°35N
and 15405 "M, the axial depth is constant al about 4,000 m {Fig-
ure 9(b)). These is an isolated decp at 14°25'N, The axial depth
decreases toward the south.

32 Geomagnetic Anomaly

Lineation patterns of geemagnetic anemalies are unclear in
the ridge Manks, even the central anomaly magnetic high in the
median valley (Figures 10 and 113 The patterns of geomag-
netie total force can be highly skewed because the study arca is
situated ina low latitede region. Magnetization distribution,
calculated from the geomagnetic total force anomalics, can show
magnetic lineation patterns related to plate spreading. Crustal
tagnetication was caleulated using the method of Parker and

Huestis (19743, which ook o aeeownt the effoot of batbym-

JAMSTEC .J. Degp San Res., 15 (1590

ctry. A uniform magnetic source layer with thickness of 3000 m
wins assumed, The dicection of magnetization of the source layer
was assumed to be oriented parallel te an geocentric dipale
field {Figuee 12).

The major isochron was identified preliminarily vsing the
plarity time scale of Cande and Kont (1992). The mean spread-
ing rale is consistent with the full spreading rate of 26.7 km/
m.y. caloulated fror the madel of global plate motion {(Debets
ct al., 1990}, The geomagnetic lineation pattern is, however,
still unclear and discontinuows after this deskew operation, €x-
eept the area south of 14°40°N, The observed patchy lincation
pattern is consistent with limited basaltic magma supply over a
period of several million years, compared with more
magmatically robust paris of the Mid-Atlantic Ridge.

The highest geomagnetic anomaly is situated an the western
ridge-transform intersection. The result suggests that the most
active volcanism is occurring at this region: this is consistent
with the submersible observation, South of the fractuee zoRe,
magnetization highs are not located along the median valley.
The result may sugeest an abnormal mode of seafloor spread-
ing in this region. Low amplifude magnetization variation of
the ridge flanks in the south of the fracture zone, compared
with that in the mosth of the Fraciure 2one. was obseneed
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Geomagnetic Total Force Anomaly MAR 15"20'N FZ (25nT contoured)
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Magnetization MAR 15°20°N FZ (2A/m contoured)
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{Figures 12 and 13). This result is consistent with mag-
netic measurements of rocks sampled by the Shinkai 6300
{Joshima et al., 199%). This result supgesis weathering of
basalt due to tectonic spreading, ot ¢lse the geochemistry
of basalts is different From the north region,

33 Gravity Anomaly

Free-air gravity anomalies obtained in this cruise are
shown in Figure 14, The free-air gravity anomaly data are
merged with the gravity anomaly data derived rom satel-
lite altimetry {Sandwell and Smith, 1997) to cover the un-
surveyed arca. Mantle Bouguer correction was calculated
using the methad of Kuo and Forsyth (1988). The crust
was assumed 1o have constant thickness of 6 km that fol-
lows the seafloor reliet. The assumed density of the crustal
layer is 2,700 kgfm?, and that of the underlying mantle is
3,300 kg/m’. The global predicted bathymetric data (Smith
and Sandwell, 1994) were employed to il the unsurveyed
area. Mantle Bouguer anomaly was abtained by subtract-
ing the mantle Bouguer correction from the free-air grav-
ity anomaly.

Low amplitude “bull’s eye™ mantle Bouguer anomalies,

JAMETES J. Deep Sea Res,. 15 4 LR

compared with more magmatically robust pans of the Mid-
Adlantic Ridge, were observed on the ridge segments flank-
ing the active transform Fault (Figures 15 and 16), This is
probably due o a limited magma supply that has not gen-
erated thick igneous oceanie crust. The gravity data sup-
port the conclusion that the magma-starved nature of this
region is a long lived phenomenon. Gravity anomaly maps
show concentric, semi-circular contours sumomnding these
gravity lows, becoming less negative toward the fracture
zon¢ from the north and the south. The largest gravily
anomalics are “bull’s eve™ lows along the ridge axis at the
northernmost and southarmmost limits of our survey area,
though some of them fail o show their complete shapes
due to the limitation of the surveyed arca. The center of
the largest anomaly is located at 14%00°N and the ampli-
tude amounts 1o -60 meals {Figuee 15(b)). The simplest
interpretation of these data seems to be that the large grav-
ity lows represent the centers of unusually large magmatic
segments at approximately 167N and 14°N, probably asa
resull of 3-dimensional Focusing of melt generation pra-
cesses in the mantle-dominating teclonics and
geodynamics in this region.
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Free-air Gravity Anomaly MAR 15°20°N EZ (5mgal contoured)
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