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Geomor phological and petrological observations
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A 120-km-long section of the Carlsberg Ridge has
been mapped with multi-beam bathymetry system
(MBS). High resolution bathymetric contour map
generated with the MBS data shows wel-defined ax-
ial valley bordered by steep valley walls and the
presence of a ridge axial discontinuity in the south-
east end of the survey area. This discontinuity repre-
sents the propagating ridge head present along the
ridge axis and is being reported for the first time
along an active ridge segment of the Carlsberg
Ridge. The pseudo-side scan image reveals a well-
sedimented axial valley. It is for the first time that
various upper mantle (serpentinites and peridotites)
and lower crustal rocks (gabbros) have been recov-
ered from this part of the Carlsberg Ridge apart
from the ridge basalts. The basaltic rocks are mostly
fresh; however a few types of basalt exhibit altera-
tion. Serpentinites and peridotites are almost totally
altered and exhibit the stress they have undergone
during and after the emplacement.

THE Carlsberg Ridge (CR) forms the northern section of
the Indian Ocean Ridge sysem and acts as a boundary
between the African plate and the Indian plate CR is
bounded on north by the Owen Fracture Zone (OFZ),
which offssts the CR by about 300-350km before it
enters the Red Sea At the eguator, the trend of the CR
gradudly changes from NW-SE to N-S where it joins
the Centrd Indian Ridge (CIR). Indian Ocesn Ridge
sysem, in generd, is less explored and sampled, com-
paed to individud ridge ssgments of Mid-Atlantic
Ridge (MAR) which are beng surveyed in grest deail
with the help of submersbles and other advanced tech-
niques. The CR is dmilar in sructure to MAR, as the
Sreading rates ae compasble (hdf reading rate
I4Ammlyr; ref. 1), Under the IndRidge programme
intiated by the Nationa Inditute of Oceanography,
Goa, with the support of the Depatment of Ocean
Devdopment, one of the least-dudied ridge segments of
the Carlsherg Ridge has been mapped and explored
systematically.

*For correspondence. (e-mail: abhay@csnio.ren.nic.in)
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Wisema? was the first to sample the rocks from the
CR and describe different types of besdts such as augite
basdts, varidlitic basdts and hornblende-augite basdts.
He andysed some of these basdts and concluded that they
were compogtionadly smilar to the basdts collected from
the Atlantic and Pecific Ocean. Matthews e al.® surveyed
the crest area of the CR & ~5°N and acquired bathymetry
and magnetics. They identified a minor transform fault
with a displacement of about 10 miles. In recent times,
Chaubey e al.*, Ramana e al.° and Mercuriev et al.® have
carried out geophysica studiesaong the CR.

Matthews e a® reported fresh besdts, metamor-
phosed basdts and observed breccigion and hydro-
themd  dteration of the crustd rocks Cann and Vine'
gave detaled petrography of baesdts, serpentinites and
hornblende-gabbro  collected from the same aea They
reported that basdts have undergone greenschig facies
metamorphism. Frey e a® sudied the basdts drilled
on the flanks of the CR, in Arabian Basn (DSDP Holes
220 and 221) and Somdi basn (Hoes 235 236 ad
240), and obsarved the heterogeneities a the source for
the CR basdts. Bonatti®, Bonati e a.°, and Hamlyn
and Bonati'! gave detaled account of the plutonic ul-
tramdfic rocks exposed on the fault scap of the OFZ
and ther minerdogy and compostion. They attributed
the exposure of these mantle rocks to the tectonic
upliftment dong the fracture zone Engel and Fisher'?
reported dmila  assemblages of mantle rocks  (from
granite to serpentinites) from various ridge segments of
the Centrd Indian Ridge from the Vema trench, the
deepest location dong the CIR. Banerjee and lyer™
dudied basdts from CR and obsaved the chemicd and
minerdogicd  &finity to basdts from other segments of
the Indian Oceen ridge sysem. lyer and Banerjee™® have
concluded a low pressure evolution for the basdts from
the CR with magmamixing.

However, there are no reports of the ultramafic rocks
associated with the ridge besdts from the CR  except
from the OFZ®™ where full section of the oceanic crust
is exposed. Here, we report geomorphologica set up of
a sction of CR dong with the petrogrgphica obsarva
tions of the mantle rocks and ridge basdts recovered
from the axid valey.
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Figure 1. Bathymetric map of the surveyed segment of CR (Contour interval = 250 m). A—A¢ B-B¢ C-C¢

and D-D¢ are the sections perpendicular to the ridge axial valley. Sections A—A¢ B-B¢ C-C¢and D-D¢are
referred to as sections A, B, C and D in Figure 2 and in text respectively. % = dredging location. Thick dashed
lineisthe trace of the axial valley. Thinner dashed line is the oblique structure representing the propagaing heed.

M ethodology

During the ORV Sagar Kanya cruiss no. 114, about
~120km length of the CR was surveyed. Generd trend
of the ridge was ascetained with the hdp of the
GEOSAT gravity data and the survey lines were
planned perpendicular to the ridge axis Multi-beam
bathymetry sysem (MBS), Hydrosweep, provides cov-
eage equad to twice the water depth. The gpacing
between the survey lines was kept a 3 nauticd miles to
achieve totd (i.ee hundred per cent) coverage of the
aea Gravity, magnetic and 12kHz snglebeam echo-
sounder data were adso aoquired dong with MBS data
The GPS (Magnavox, MX-4400) sysem was used for
the navigationd control. Sampling locations were =
lected based on the online MBS data. A tota of about
2872 line kilometre data and approximately 15,000 knv
aea dong the axid zone of CR were surveyed during
the cruise.

Rock samples were recovered by the chain-beg
dredge from three dtes (DR-1, -2, and -3) within the
axid vdley of the surveyed segment of the CR. Fgure
1 shows depth contour map of the area with dredge
locations. For the petrographical observations, thin  sec-
tions of the rocks were prepaed and observed under
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petrologicd microscope to record the minerds present
and their rdaionship with each other and the effects of
ateration.

Geomor phological observations

As the CR is a dow-spreading ridge, the topography
developed is of rugged nature, which is reflected in the
contour pattern of the surveyed area of the ridge. The
depth varies from 4700m within the axid valey in the
south-eastern sde to a shdlow pesk of about 1800m on
the ridge flank (Figure 1). Four bathymetric sections (A,
B, C, and D) across the CR ssgment are presented in
Fgure 2.

The linearity of the contours in NW-SE drection
documents the generd NW-SE trend of the CR. The
axid vdley, with an average depth of adbout 3500 m, is
bounded on both sides by steep valey wdls tha rise to
about 2500m water depth, indicating that vdley wadls
ae ~1000m high. Such a ruggedrough geomorphol-
ogy isgeneraly seen dong the dow-gpreading ridges.

Within the northwestern part of the axid valey shd-
low axid highs of aout 100m heght ae obsarved
(Figure 1), which indicate thickening of the ridge
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Figure 2. Topographic sections across the ridge axial valley as
shown in Figure 1. Section A—A¢ Wider axial valley bounded on
both sides by steep valley walls. Axia valley floor has neo-volcanic
highs. Section B—B ¢, Topographic section from the hills composed of
ultramafics serpentinites and gabbros. Two identical highs within the
axial valley on the edges separated by the axial valley are seen. In
this section a good correlation is observed with relation to the uni-
form spreading of the ridge. Section C—C ¢, Section through the non-
transform discontinuity with an isolated topographic high separating
two geomorphic lows. IC, inside corner. Section D—-D¢, Section
through the southern segment with narrow axial valley and steep
western valley wall rising up to ~ 1800 m. IC, inside corner.

ssgment.  Such  thickening and  shdlowing of the axid
vdley is noticed near the centrd pat of the Mid-
Atlantic ridge segment'®. Along the ridge flanks, the
topographicd highs and lows show ridge padld linear
trend. The depth on the northen flank of the ridge is
more than the southern flank & the same distance from
the ridge axis. Near the north-western edge of the areq
depth of the axid vdley increeses (4050m) and the
width reduces gradudly to about 10km. These observa
tions point to the posshle ridge segment terminaion
cose to the northern end. The northen ridge segment
abuts a topogaphic high of about 1800m near 3°32(N;
63°36(E. This topographic high is observed on the
southern valey wal cdose to the RAD (Figure 1, Sec-
tion D).

A prominent topogrephic feature a the south-eastern
region of the survey aea is a discontinuity in the trend
of the ridge axid vdley dong which the ridge axis is
offset by about 22km (Figure 1). Kamesh Rgu e al.l
have interpreted this discontinuity as Non-Transform
Discontinuity (NTD). These NTDs ae dso cdled Ridge
Axid Discontinuities (RADs). At RAD, the axid vad-
leys of both northern and southern ridge segments have
merged and the totd width of the axid zone is observed
to be ~38-40km. The topography near the RAD s
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much more rugged then that observed dong the ridge
flanks. The axid vdley wadl of the southern ridge
ssgment is deeper compared to the northern ridge segr
ment, and the deepest ridge axid floor of 4700m next
to a topogaphic high with the depth ~1800m (Figure
1) is encountered. Toward the north and south of the
RAD, didinct variation in width of the axid valey is
noticed. The width of the axid vdley, immediady to
the north of RAD is narow (~7km) (Figure 2) while it
is wider (~16km) father in the north (Figure 2, Sec-
tion A, B).

An interesting geomorphic feature, oblique to the
trend of the NW-SE trending rift valey, is observed in
the contour map and is shown by thin dash lines on both
sdes of the axid vdley in Figure 1. This geomorphic
feature is a liner feature bounded by the 3000m con-
tour and is & an angle of ~30° to the trend of the axid
vdley. This V-shaped feature begins close to the RAD.
This feaure might have been devdoped due to the
propagating ridge head present dong the Calsbeg
Ridge Mutter and Kason'® have suggested that the
V-shape represents the wake of the propagating ridge
Smilar propagating ridge heads have been reported
from the Mid-Atlantic Ridge'’, southeest Indian Ridge'®
and dso on the esstern distad flanks of the Carlsberg
Ridge!®?°. The implications of the propagding ridge
head are under detailed andysis.

An €ongae topogrgphic high of about 500-600m
high and about 14-15km long terminated by a deep of
~4300m is observed, just above the RAD close to the
western valey wal of the northern ridge ssgment (Fig-
ue 1, DR-1). Ancther intereing feature dong this
ridge ssgment is a topographic high as described earlier
a the Outsde Corner (OC) of the RAD. This high, ac-
cording to Tucholke and Lin?, might be composed of
ultramafic rocks, though a present we have not sampled
this feature. In future we plan to collet sample from
this high. It will be interesting to decipher the tectonic
activity tha emplaced these rocks dong the outside
corner of the discontinuity. We hope to get the ultrama
fic rocks from this topogaphic high. Smilar highs near
the RADs ae composed of ultramafic rocks and they
ae temed as ultramdfic topographic high?®. It is impor-
tant to know the petrologicd compostion of this
ultramafic topographic high.

The topogrephic sections across the ridge presented
in Figure 2, show the changes in the topogrgohy aong
the surveyed ridge segment. Thee sedtions point  out
the changes in the width of the axid valey, narow
(~7km) ner the RAD and wider ~16km a the fa-
thes end of northern ridge segment. The topogaphic
section dong the ridge discontinuity reveds a very
interesting topogaphic feature whereéin no cdear sngle
ridge axid vdley can be decphered. However, a wdl-
defined axid vdley is observed in other sections. Along
sction C, an isolaed topoggphic high reaching to
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~2200m separates two topographic lows on hoth flanks
of the ridge axid vadley. This high is towads the east-
en indde coner of the RAD flank where the southern
ridge segment <hifts its axid valey. However, the
topogrgphic  high of ~1800m on the wesen vdley
wal (dong section D) abuts the northern ridge segment.
The western side topographic low in Section C may be
the trace of the northen axid ridge valey. However,
the esstern dde low is the topogrgphic low present
dong the ridge flank a& RAD. The section D reveds a
seep western wall risng from a depth of about 4700m
to the shdlowest pat of the surveyed area of about
~1800m. However, the easten vadley wal does not
have such asteep gradient.

Pseudo-side scan sonar image observations

Multi-beam data collected using the Hydrosweep sys
tem, provides Root Mean Sguare (RMS) amplitude va-
ues of dl 59 beams per ping in addition to the depth
data This amplitude data was used to generae the
pseudo-sde scan image of the sedfloor®® (Figure 3). The
backscattered srength of the echo is indicative of the
nature or type of seefloor. A drong reflected echo gives
dark grey-to-black tone, meaning, less dbsorption by
sedfloor. Sedimented seefloor displays light grey tone in
the imege due to the absorption of the echo energy by
sediment. The pseudo-sde scan image of the study area
indicates that the axid vadley is covered by sediment,
which is represented in the form of a wide linear grey
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Figure 3. Pseudo-side scan image of the area after back-scatter
strength of the echo is measured and mapped. Light and dark tone of
the seafloor indicate sediment and exposures of the rocks respec-
tively. Axial valley is sedimented and along the ridge flanks zebra-
like pattern is seen due to the alternate rock and sediment exposures.
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toned aea A gmdl sediment core (~40cm long) hes
been collected within the axid vdley, confirming the
presence of sediment. The thickness of the sediment has
not been determined but it can be firmly sad that the
axid vdley is sedimented as observed in Kane Fracture
Zone®*. This indicates that there were no fresh lava
eruptions or no magmatic condruction on a lage sde
within the axid valey. However, presence of the sedi-
ment within the axia valey does not mean that the tec-
tonic and megmdic activity & CR is ceased. In fact,
within the axia valey, smdl patches of drong reflec-
tions ae observed which might be due to reflections
from the fresh lava outpourings We have dso collected
fresh sheet basdt within the axid valey.

With the hdp of the pseudo-side scan imege, many
sndl and prominent festures could be detected, which
otherwise would not have been posshble to detect by the
contour map done. The pseudo-sde scan image com-
plements the contour map in identifying smdl neo-
volcanic cones and axid highs within the axid vdley of
such a rugged type of bathymetry a CR. The pseudo-
sde scan image of the aea dso exhibits ridge pardld
dternate black and white zebralike pattern indicating
dtenae dongae ridge padld rock exposures and
sediment  filled troughs. These ae due to the troughs
developed between the rocky highs where sediment gets

deposited.

Macr oscopic description of rocks

The dredging locations are shown in Fgure 1 and the
gengd macro- and  micro-scopic  description  of  the
basdts and other rocks recovered isgivenin Table 1.

The dredge track for DR-1 was dong the linear
topographic high insde the western wal of the rift va-
ley, dating from ~3400m, i.e vdley floor to
~3000m depth (Figure 1), dmost top of the linear
mount. In this dredge, mantle rocks such as serpen-
tinites and gabbros, dong with the variety of basdts
such as pillow basdts block basdts, etc., were recov-
eed. In generd, basts recovered from the axid vdley
floor show the presence of sediment within the cracks
and joints indicaing that thin sediment covered the
basdts. The mantle rocks might be exposed on the don-
gated rise Fresh lava tongues of plagioclase phyric
basdts have dso been recovered. Altertion of the
basdts by seawater is obsaved esgpecidly dong
the cracks or joints in basdts The fresh glass, formed
due to the chilling effect of the bottom cold seawater on
the effusing lava, is obsarvable on dmogs dl the basdts
recovered.

Apat from ridge basdts ultramafic rocks such as
harzburgites, serpentinites and gabbros were aso  recov-
ered from this dation. At this dte, the abundance of
sarpentinites  and  lherzolites over the gabbros indicate
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Table 1.

Location and description of the rocks dredged

Station no. Location Depth (m)

Sample description

DR-1 3°50.375'N;

63°07.695'E

3340

Block basalts with abundant plagioclase and olivine phenocrysts.
Medium Plagioclase Phyric Basalt (MPPB) has thin glass zone.

Tecoblasts of plagioclase common. Hetero- and orthocummulate are
common textures. Ultramafics described in text.

DR-2 3°55.215'N

63°03.678'E

3500

Three types of basalts.
Sheet basalts:

Aphanitic, few microcrysts of plagioclase and olivine.

Transparent yellow, isotropic glass zone is 3-4 mm thick.

Block basalt:

Aphanitic. Glass most abundant. Within glass thin

acicular laths of plagioclase are common. Olivine occurs as
phenocrysts and microcrysts. Vesicles are scattered. Sheaves of pla-
gioclase microcrysts appear in a bunch throughout the rock.

Tubular basalt:

Thin plagioclase laths exhibit flow texture. Plagio-

clase shows zoning. Orthocummulates of plagioclase are present with
large phenocrysts. Edges of the plagioclase laths and olivines are
rounded. Total crystalline matter accounts for only 5-10 by volume%.

DR-3 4°14.602'N

62°40.851'E

3460

Block basalt:
plagioclase olivine and plagioclase has glass inclusions. Olivines are

Holocrystalline. Hetero-cummulates of olivine and

idiomorphic.

that the serpentinites and rdated rocks ae emplaced in
the form of a pluton. Gabbro occurs possbly as an
inrusive  into  these  serpentinites”®. Gabbros  collected
from this daion (DR-1) have planar jointing faces,
which indicste a possble intrusve naure of the
dredged gebbro®™. On closer examination, two types of
gabbros were identified, viz. (1) coarsegraned and (2
fine-grained gabbros. Most of the serpentinites and ser-
pentine-bearing rocks, viz. harzburgites, show a tecton-
ite type of fabric® and are dmost totaly atered due to
hydration of sarpentine. Altered greenish  white-to-grey
coloured veins of serpentine (dtered) ae seen criss
crossing the host serpentine rock, forming a medhlike
structure. At places, these veins ae pink coloured
which may be due to the manganee oxides reeasd
during serpentinizetion. Large dtered phenocrysts (5-
7mm) of badite an dtered pyroxene, ae obsarved
within the serpentine groundmass, which exhibits typi-
cal bronze-like metallic lustre?” (Figure 4).

The second dredge dation (DR-2) wes located within
the axia wvaley floor nexr a smdl neovolcanic high.
Dredging was caried out from the base of the western
wal of the rift valey, from 3500 up to ~3000m. Smal
undulations in the rift valey were encountered dong
this dredge track and three types of the basdts were
collected, namdy: (1) a thin (~2cm thick) sheet basdt,
(2) blocky basdt with dispersed phenocrysts of the
plagiodase and (3) tubular basdt which is gphyric in
neture.

The shegt basdt is fresh compared to other two basdt
types and shows little dteration and has very thin
vener or coaing (<1mm) of Fe-Mn oxides and pres-
ence of sadiment within the crackdjoints Sheet basdt
has thick (3-4mm) chilled glass zone on the top while
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Figure 4. Hand specimen of the harzburgite from the DR-1. Harz-
burgite shows large (> 5-7 mm) phenocrysts of the altered ortho-
pyroxenes. Surrounding serpentine is totally altered from olivine.
OPX, ortho-pyroxenes (altered). (40 ").

comparatively thin (~1-2mm) chilled glass zone on the
basd pat of the basdt. The basd surface of this sheet
basdt exhibits micro-rdief in the form of protrusions of
vaious shgpes and dimenson or uneven doping sur-
face. Thee basd surface fedtures are the mirror imeges
of the micrordief of the sesfloor. Occurrence of sheat
basdt indicates that the lava might have been less vis
cous in nature when it eupted on the seefloor and
flowed fredy dong the sesfloor. At the digd or farther
end of the lava as lava dowly cooled, the basd surface
of the lava on <olidification took the shape of the sea
floor micro-relief.

The third dredge location (DR-3) was on smdl vol-
canic high in axid vdley a the northwesen end from a
depth of 4100 to 3400m. One hig piece of fresh aphyric
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block basdt with fresh chilled glass zone (<2-3mm)
and jointing patern was obsarved from this dredge Ste
(Table 1).

Petrography

Petrographic observations were carried out on these rocks
to know the minerd compodtion of these rocks and to
record different types of textures and minerd reation-
ships, which are hdpful in deciphering the possble mode
of emplacement of these rocks at the seefloor.

Basalts

Basdts recovered from the CR exhibit different textures
from Pagioclase Phyric to Aphyric (Table 1). Extensve
microscopic  studies on dl types of baesdts indicae
tha the man minerd phases in these basdts on ther
abundance, ae plagiodase + dlivine + clinopyroxene +
ginds. Some besdts have gmdl veddes dispersed
throughout the rock, indicating the presence of voldiles
and gasss in smdl quatities in the hot magma. Glass
is the man component (~modd 70%) of these basdts
by volume per cent and exhibits trangparent to trandu-
cent pae yelow colour for the top chilled glassy margin
while interdtitid glass is dark brown to dark grey col-
oured. This interditid glass encloses the fine shedflike
gructure (Figure 5), mostly composed of the plagio-
cdase and it is abundant throughout the rock. Nascent
crydalites of plagiodase and odlivines ae seen within
thetop yellow coloured glass.

In the sheet basdt, very thin, acicular laths of the
plagiodae ae digned padld to esch other edibiting
flow texture. At places, even a crystd clot or minerd grain
is encountered, this flow pattern of acicular plagiodase
laths, adjust their orientation around the crysta clot and
preserves the flow texture. Such type of intense flow tex-
ture might have been developed due to the less viscous
nature of the lava Within the interdtitid glass, very fine
globular iron oxides are disseminated throughout the rock.

Plagiodase and dlivine ae the dundant minerd
phase (~20-25 and 10 modd per cent respectivey).
Both these minerds occur together in vaious forms
such as plagioclase laths penetrating olivine crystas, or
in orthocumulate and heterocumulate form, or as indi-
vidu megacrysts  within - the glassy  groundmass.
Phenocrysts of plagiodase ae common and some of
them display zoning even though the plagiodase laths
ae smdl, while some samdl eguant plagiodases show
buckleshaped form?®. In the phyric basdt, phenocrysts
(I-2mm) of odlivines and plagiodase (~2-3mm) in the
groundmass of fine adicular laths of plagiocdlase and
microcrysts of olivine ae present exhibiting a hetero-
cumulate texture. Glass inclusons in a large blob shape
are obsarved in plagiodase laths.
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Figure 5. Interstitial glass with sheaf-like thin plagioclase laths
(40 "), plane polarized light.

Figure 6. Plagioclase tecoblast with groundmass glass component
getting incorporated in the host plagioclase. Recrystallization at the
borders of the plagioclase tecoblast due to the reaction of surround-
ing glass and the host plagioclase is observed (40 “), plane polarized
light.

Two types of plagioclases obsarved in the phyric
badts ae (1) plagiodase lahs which ae dear and
show good twinning and ae without glass or ground-
mess indusons (2) plagiocdlasess with  brown-to-dark
brown coloured blebs of interditid glass dong with
partly recryddlized matter included adong margins and
a times throughout the lath. Augustithis’® termed such
plagioclases as tecoblasts (Figure 6). This observation
indicates the pressnce of two geneations of plagio-
clases within the basdts. These tecoblasts are not asso-
ciated with the pyroxenes as is the usua observation®
and their moda percentageislow (~ 5%).

Euhedrd olivines occur a sngle hopper shaped
and prismaic oaysads and dso a heterocummulates
dong with plagiocdlase laths in the glassy groundmass.
Pyroxene occurs as isolaed, smdl sump-like crysas
(<2-3%) and in some basdts the pyroxene is totaly
absent.
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Figure 7. Altered ortho-pyroxene phenocrysts with the exsolution
lamellae, which are bent most probably due to the post-emplacement
tectonic activity (40 “), between crossed nicols.

Figure 8. Sodic feldspar from the gabbro showing typical cross-
hatching pattern. Note a thin quartz vein (Qtz vein) cutting across the
feldspar (40 "), between crossed nicols.

Ultramafic rocks

The ultramafic rocks are representative of the upper
mantle. They ae modly composed of ferromegnesan
minerds such as odlivine and variety of pyroxenes and
diverse spinels are present as accessory mineral phases.

The mantle rocks collected from the CR ae extre
mely dtered due to the hydration of serpentine, of liz-
adite variety. In many samples, serpertine has been
dtered to the magnesite, as an end product of the ser-
pentine  dteration’’. Another mgor minerd  component
is orthopyroxene, which ooccurs as lage phenocryst
(~1cm) in a mesh dructure of serpentine. Most of the
orthopyroxenes are dso dtered dong with the dteration
of the host serpentine and the exsolution lamellae of
orthopyroxene ae seen throughout the minerd gran
(Figure 7). Thee exsolution lamelae ae bent possbly
due to the tectonic forces, which might have acted dfter
the emplacement of these ultramafic rocks and during
the ateration.
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Gabbros

Gabbros ae fresh and a times show minor ateration
due to scawae percolating through the joints and
cacks. The man minea components are orthopyrox-
enes, fddspars and spinds.  Orthopyroxenes  exhibit
urditization (i.e. dteration to green or brown amphibole
with a diginct pleochroism in green to pink). The
dtered amphiboles dso exhibit dronger pleochroism in
shades of green and brown. Many orthopyroxene crys
tds exhibit totd dteraion to green coloured urdite
with a fibrous texture. The feldspars are modly cacic
(plagioclass) though sodic  (orthoclase  type)  feldspars,
which show cross haching patern (Figure 8), ae pre
sent. The plagioclase feldspars are of bytownite to lab-
radorite compostion with An content ~34-48. Most of
the vermicular bleb-shgped spind is black and opaque.
At places, the oxidization of spings due to the seawater
percolating dong the joints aid cracks is observed.
Diopsdic augite grans ae few in gabbro and they do
not form amgjor minera component.

A thin quatz vein is found traversng through the
sodic fedspar (Figure 8) dong a fracture plane, which
shows the dress effect in its optica properties. Further,
this quatz vein has been displaced dong a fracture

plane indicating that it is associated with the stresd
drain  regime developed during the post-emplacement
period.

Conclusions

CR is characterized by numerous smdl-scde ridge axid
discontinuities smilar to the one observed in the present
sudy. These discontinuities might represent propaga-
ing ridge head. An important revdation of the present
report is presence of the propagating ridge heed, dong
the present section of the Carlsberg Ridge.

The geomorphological observetions indicate that  this
segment is unique as it has been digolaced by the ridge
axid discontinuity (RAD) with narrow axid zone. On
the northern segment cose to RAD, ultramefics are
eosed, indicating that they were emplaced during the
extenson dages of evolution of the present ridge seg
ment. These low-dendty serpentinites get emplaced
exsily dong the low angle fault plane or sher zones
near the vdley wadls The sediment cover within the
axid vdley as reveded by pseudo-Sde scan imege indi-
caes tha magmatic activity is less and is of sporadic
naure over isolated topographic highs on which few
fresh sheet lava flows have been sampled. These upper
mantle and lower crustd rocks have experienced tec-
tonic dress after emplacement, the evidence of which is
sen in the form of bent exsolution lamdlas and the
intruson of the quartz veins in the gabbros, obsarvable
on the microscopic scde, indicating that this segment is
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tectonicaly active These observaions point to either
that sedimentation is high dong the CR or the ridge
segnent under dudy is experiencing the dretching of
the oceanic crust. Presence of fresh sheat basdts sup-
ports that dong the present ridge segment new crust is
forming, though on a very minor scde, indicaing tha
crusta accretion takes place on aminor scae.
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