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INTRODUCTION

Cruise CD80 on the RRS Charles Darwin conducted a sampling proegramme, PETROS
(petrogenesis of gblique spreading) along the Reykjanes Ridge between 57°N and 63°N
(figure 1) during the 15! September 1993 (from Barry, south Wales) to the 15! of October
1893 (arriving in Reykjavik, Iceland). In addition to the rock sampling programme, a new
SIMRAD EMI12 multibeam swath bathymetry system was employed to complete our
bathymetric and sidescan coverage from 57°N to 63°N along the axial crest of the Reykjanes
Ridge (figure 2). One hundred and ninety one sample stations were occupied, of which 31
were rock chipper stations, 158 were conventional dredge stations and 2 were CTD stations
(figure 3). This number of sampling stations exceeds by more than 3 times the number
originally planned. This was because of the deployment of a rock chipper device with a 45
minute turn around time, and a new dredging strategy in which the dredge is allowed less

than a 20 minute bottom time.

Rock sampling targets were en echelon axial volcanic ridges (AVR) and inter-AVR
basins, well developed seamounts, 50-120km long swells and inter-swell troughs, the
transition zone between axial crest and axial valley morphology centred on 58°N, and the
long wavelength regional bathymetric and gravity anomaly associated with the Icelandic hot-
spot. These features were identified from high resolution side-scan images (collected with
the IOSDL Towed Qcean Bottom Instrument, TOBI), 3.5 kHz echo sounder profiles, free air
gravity measurements, and Hydrosweep multibeam bathymetric charts, made during the
IOSDL mid-ocean ridge project cruise EWS008 in October 1990, and SIMRAD multibeam
bathymetric data and SIMRAD multibeam sidescan sonar data collected during this cruise.
In addition, CTD casts were made at stations that, from the sampling or sonar data, gave

indications of hydrothermal activity.

More than 400 different rock types were recovered, along with 130 sediment
samples, and about 240 biological samples. The average space between sample station was 2
km, although in detailed sampling areas the spacing was 1 km. This is the highest density of
rock samples taken anywhere along the MAR, and increases Dby ten times the number of

samples collected along the Reykjanes Ridge during the famous study by Jean-Guy Schilling
(1],

The primary objectives of PETROS were to determine the geochermical and tectonic
evolution of oblique-spreading ridge segments, to explore and map the relationship between
such ridge segments and hydrothermal activity, and to determine the extent of mfluence of

the Icelandic hot-spot on the Reykjanes Ridge.
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SPECIFIC OBJECTIVES

To determine the geochemistry of AVRs of different morphology, between 57°30'N
and 62°30'N, and thereby assess the relationship between petrogenesis and the volcanic and

tectonic evolution of crust forming the axial valley and crest.

To measure the geochemical variation among intermediate-wavelength ridge-
segments, between 63°N and 57°N, and hence to explore the behaviour of shallow mantle

flow beneath constructive plate-margins.

To detect the geochemical influence of the Icelandic hot-spot mantle plume with
distance along the Reykjanes Ridge, between 63°N and 57°N, and to asses its influence on

the style of oceanic spreading.

To observe the occurrence and compositional variation of hydrothermal deposits
along the axial valley, between 62°30'N and 57°30'N, and hence to assess the relationship of
hydrothermal activity with the petrogenetic and tectonic evolution of constructive plate-

margins.

We aimed, through the PETROS project, to further our understanding of the
relationship between shallow magmatic processes, shallow and deep mantle dynamics, and

lithospheric tectonics at constructive plate-boundaries.

SCIENTIFIC BACKGROUND AND RATIONALE

Oblique Spreading at Constructive Plate-boundaries

There is a dichotomy between the occurrence of oblique spreading centres and our
current understanding of plate tectonic processes. Spreading centres are considered to be
passive features, formed in response to the separation of tectonic plates (2], Hence their
orientation, spreading rate, and morphology are intrinsically linked to glebal plate-tectonics.
By consistently maintaining an oblique orientation to the direction of plate separation,
however, oblique spreading centres appear not to conform to the model for their passive
behaviour. The study of oblique spreading centres, such as the Reyldanes Ridge, is aimed at
elucidating the connection between global plate-tectonics, local plate motion, and the role of

the lithosphere and asthenosphere in forming a constructive plate beundary.
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The Reykjanes Ridge

The Reykjanes Ridge is a slow-spreading ridge oriented at 035°N, oblique to the
plate separation trend of 099°N, that has an axial horst in the north, and an axial graben in
the south [3]. Following cruise EW9008 in October 1990 of the R/V Maurice Ewing, three
scales of morphological feature characteristic of the Reykjanes Ridge have been identified
[4.3]. We believe that short-wavelength segmentation (10-50 km), forming en echelon axial
volcanic ridges, is linked to local stress distribution and magma-plumbing in the lithosphere.
Also, intermediate-wavelength bathymetric segmentation (50-120km) and long-wavelength
regional bathymetric variation (over 400km) are the results of mantle dynamics, the former
being an affect of diapiric mantle flow in response to plate separation, while the latter is
related to variations through time of mantle temperature within the Icelandic hot-spot. A
description of these three process and theiwr affects 1s given in the following sections. The
PETROS project aims to examine, identify and separate these essentially different processes,
thereby furthering our understanding of the contribution to mid-ocean ridge spreading

dynamics by both the local and regional tectonic environments.

hort-Wavelength niation
GLORIA, Hydrosweep and TOBI data show that the primary spreading unit of the
Revkjanes Ridge is the AVR, coriented oblique to the trend of the Reykjanes Ridge but
orthogonal to the plate separation direction of 099°N, and 30-60km in length. Although
AVRs were first recognised from GLORIA images (3], high -resolution deep-towed side-scan
sonar images from TOBI, and detailed multibeam bathymetry, revealed marked variation in
their morphology. We have interpreted this variation as an effect of an evolutionary cycle of

tectonic and magmatic change[4’5].

AVRs with a high aspect ratio (ratio of length to breadth) of 8-12, form narrow
ridges of fresh unsedimented and untectonized volcanic material that stand proud of an
otherwise tectonized and sedimented axial-valley floor. These features, interpreted as the
earliest stage of AVR development, are dominated by fissure- and conical-seamounts and are

flanked by a hummocky velcanic terrain.

AVRs with an intermediate aspect ratio of 5-8 form periclinal ridges of fresh volcanic
material, and are interpreted as the most constructively mature stage of AVR development.
They are dominated by large and abundant flat-topped and conical seamounts and are

flanked by both hummocky and sheet-like volcanic terrain.
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AVRs with low aspect ratios of <5 form morphologically subdued ridges with many
fault controlled horsts and grabens of sedimented and tectonized volcanic material. These
features, interpreted as the final and essentially destructive stage in AVR evolution, are
dominated by tectonized flat-topped seamounts, although there are also some young-locking,

conical seamounts.

Jiate- Wavel ns rats

The bathymetric data between 62°30'N to 57°30'N has shown that the Reykjanes
Ridge is further subdivided into broad, intermediate-wavelength swells oriented parallel to
the ridge trend of 035°N, and 50-120km long. These swells vary in morphology from
periclinal concave-sided high-amplitude types, to concave-sided low-amplitude varieties, to

saddle-shaped convex-sided low-amplitude features (4],

ng- len ric Variation

The bathymetric and free air Bouguer gravity anomaly profiles along the Reykjanes
Ridge show a long-wavelength variation (Figure 4), with a steep slope inflection inclined
away from the hot-spot, here termed a ‘wave', between shallow (<1100m) seafloor in the
north and deep (>1800m) seafloor in the south. The front of the 'wave' coincides with a
change in a transition from an axial crest to the north and an axial valley to the south. There
1s also a change in the spreading style of the Reykjanes Ridge at this transition zone, to the
north of the ‘wave'-front, spreading occurs via a continuous ridge oriented oblique to the
spreading direction and containing short-wavelength AVRs, to the south of the ‘wave'-front
spreading is by intermediate-wavelength AVRs oriented orthogonal to the spreading
direction and separated by short (<10km) transform offsets.

Hypothetical Geodynamic Models

We believe that the various scale tectonic feature identified above result from
lithospheric, shallow-asthenospheric, and deep-asthenospheric processes, and expected them
to have significant and identifiable geochemical affects. A hypothetical model predicting the
petrological and geochemical characteristics of the different processes is outlined below. By
testing these predictions against detailed petrological and geochemical analyses of samples
collected from carefully selected sites along the Reykjanes Ridge, we expect to identify,
differentiate and assess the effects of these different fundamental processes on the formation

of oceanic lithosphere.
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The AVR evolutionary cycle, identified above, has all the characteristics of a
lithospheric process in which a limited supply of melt is focused into some areas at the
expense of others. The various AVR morphologies, from narrow non-tectonized features
through rounded hummocky periclinal ones and finally tectonized and sedimented AVRs,
reflect changes from initial volcanic activity and waxing magma supply, t0 mature magmatic
development during the highest magma flux, and finally to a tectonically destructive phase
of waning magma supply, may be reflected geochemically.

The relationship between the development of the AVR and its geochemistry can be
compared to the observed development of propagating ridges in which the initial stages of

ridge-tip development are accompanied by fissure eruptions of primitive melts [6].

The intermediate-wavelength segmentation along the Reykjanes Ridge has all the
bathymetric features characteristic of shallow (<40km deep) adiabatic asthenospheric
upwelling which forms distinct mantle micro-plumes with a separation of 70-150km. Such
micro-plumes are less dense than the surrounding mantle and generate bulls-eye-shaped'
negative gravity anomalies and are generally considered to be responsible for second-order,
intermediate-wavelength bathymetric segmentation (7. Experiments using layer density
models suggest the micro-plumes form as result of Rayleigh-Taylor instabilities [8.9].

We believe that melt production and focusing should be greatest in micro-plume
cenires (where the mantle has the greatest vertical adiabatic component) ensuring that
crustal formation is dominant over crustal extension above the micro-plumes. This process is
manifest by shoaling of the spreading ridge over the plume centre due to the thermal
buoyancy effect of hot mantle, combined with an enhanced magma flux and a consequently

thicker volcanic crust [10],

Deep Mantle Flow Mode]

The long-wavelength regional bathymetric and free air gravity variation along the
Reykjanes Ridge is probably related to large-scale variations in mantle temperature and or
composition that are initiated by the Icelandic Hot-spot. Ideally the bathymetry around a hot-
spot should deepen continuously as the temperature of the plume-head decreases away from
its centre [11] | The segment of the Reykjanes Ridge that deviates from this predicted
increase in depth (ie. the ‘wave') reflects an anomalously low mantle density.

From the coincidence between the position of the 'wave'-front and the transition in

morphology of the Reykjanes Ridge, from a ridge crest in the north to an axial valley in the
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south, we infer a relationship between variations in mantle temperature (originating here in
the hot-spot) and changes in spreading style. Spreading and crustal accretion at the
Reykjanes Ridge over the past 10-14 Ma has preserved a history of these deep-mantle
processes that would not otherwise be apparent [12]. The linear magnetic reversal pattern
about the Reykjanes Ridge reveals a history of changes of spreading style. Between magnetic
anomalies 15 and 13, the ridge changed from a spreading style characterised by an oblique
crestal ridge and AVR segmentation, 10 a spreading style dominated by an orthogonat
pattern of short ridge segments and ofisets [12.13], This change migrated rapidly from north
to south by means of ridge jumping, overlapping, decapitating, and linking indicating a
progressive cooling of the mantle beneath the Reykjanes Ridgell2]. The orthogonal pattern
of spreading continued until magnetic anomaly 7 time, when a reversal to oblique spreading
began again in the north, and migrated south to its present position at 58°N. Should there
be a relationship between spreading behaviour and the mantle temperature 'wave’,
originating in the Icelandic hot-spot, then the magnetic reversal pattern suggests a
propagation of the ‘wave' from north to south down the ridge at a rate of 10 cm per year [14],

The identification of mantle temperature ‘'waves' migrating out from Iceland provides
a unique opportunity to examine the relationship between the temperature and geochemical
components of the hot-spot plume. The variation in hot-spot geochemical signature away
from Iceland will give an indication how the head of the hot-spot plume dissipates away from
its centre, what the thermodynamic and geochemical processes forming hot-spots are and

how hot-spot mantle plumes interact with the shallow asthenosphere.

CRUISE STRATEGY
Rock Sampling

The positions of the sample stations are shown on figure 3. Four areas were targeted
In detail: the "C" area (57°N to 58°N), the "transition zone" (58°30'N to 55°30'N) where the
ridge changes from an axial crest to an axial valley, the "B" area (60°N to 61°30'N) and the "A"
area (61°30'N to 62°30'N). The nomenclature of areas "A" to "C" is the same as that adopted
for the same three areas surveyed during cruise EW9008 in 1990. Within each of the four
main areas studied during cruise CD80, three AVRs were targeted in detail, each AVR
representing the initial-, middle- and end-members of volcanological morphology and
development. Detailed sampling involved a minimum of one station at each AVR tip and two
stations located near its centre. In addition a total of thirteen swells, and their inter-swell
basins, were targeted in detail. Further, every non-special AVR was targeted with at least two
stations, and every inter-AVR basin with one station. Care was taken not to preferentially

sample seamounts Or non-searnount areas. Precise stations were selected on the basis of TOBI
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sidescan sonar imagery, multi-beam bathymetry, 3.5 kHz echo sounder profiles and acoustic
back-scatter energy (from the SIMRAD multi-beam sonar). Areas with high probability of

bare rock exposure were preferred to those with probable sediment drape.

The final distance between sample stabons was, on average, 2 km. As the sampling
progressed the strategy developed according to experience, by ground truthing the various
geophysical data-sets, and by time constramts imposed by both the performance of the
sampling devices {see following sections) and time lost due to poor weather (a total of 70

hours).

The northern latitude of the Reykjanes Ridge has a history of glacial sediment input,
50 care was taken to avoid collecting material that was rounded and hence possibly not insitu.
As well as the historic glacial sediment input, the mfluence from the Irminger Current and
Norwegian Sea Current sweeping the ridge with sediment has led to local sediment ponds
that hindered sampling. The rock chipper suffered the greatest from sediment drape, and

was eventually abandoned as a sampling device for this reason (see following sections).
Geophysics Surveying

The SIMRAD EM12 multi-beam swath bathymetry system was used for the first tune
on the RRS Charles Darwin cruise CD80 (see following sections). We occupied five survey
areas (figure 2), the main area being between 58°30'N and 59°30' around thé "Transition
Zone". In addition we logged the EM12 data during all station work and hence have covered
the entire axial region of the Reykjanes Ridge with both EM12 multibeam bathymetry and
sidescan. Sidescan sonar imagery from the EM12 is comparable in resolution to instruments
such as the 30kHz sidescan sonar SEAMARK II. We found the EMI12 to be an essential tool
when fine tuning the position of sample stations i poorly charted areas. Our strategy was to
steam through the station way point while scrutinising the bathymetry and backscatter data,
then relocate the sample station accordingly. The ship's crew were then informed of the new

position for the station and the vessel subsequently repositioned.

During surveying, we also deployed and logged total magnetic field intensity from
the towed flux gate magnetometer; gravity from the on board LaCoste and Romberg gravity
meter; 3.5 kHz (depth and echo strength) and 11 kHz echosounder data (both from dolphin-
fish borne transducer arrays). During station work, the magnetometer was recovered and

hence not logged.
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Water Column Studies

Two CTD, nephelometer and transmissometer stations were occupied. The first was
made on the basis of some unusual biology recovered and heavily Mn-stained basalts and
involved a down cast, tow-yow and up-cast. A nephel -rich plume signal was identified 250-
300 m above the seafloor that was narrow (5-10 m deep) but consistent over a lateral distance
of 500 m. The second deployment was made on the basis of diffuse echoes extending for 30
m above the seafloor observed on both the 3.5 kHz and 11 kHz echo sounders. No optical
signals were seen during the casts, but temperature conductivity layers of 50m thick were
observed. Although the acoustic features remain unidentified, we note that a seismic swarm
began in the vicinity (best location of 61°42'N), detected two days later.

POST CRUISE RESEARCH PLAN

Because the Icelandic Hot-spot is geochemically close to N-MORB (except for its
elevated 3/4He ratio) it will be essential to ensure the highest degree of analytical sensitivity
when analysing the samples in order to discriminate the various effects of mantle
heterogeneity and variable partial melting that we anticipate finding along the Reykjanes
Ridge.

The major data set collected on CD80 are the rocks. Hard rock analyses are to be
made by Dr Rex Taylor (Southampton University/Royal Holloway and Bedford New College,
Egham), working in collaboration with Bramley ] Murton (IOSDL) and Mathew Thirlwall
RHBNC (RHBNC). We expect to analyse 300 bulk-rock samples for major and trace elements
by a combination of XRF and inductively-coupled plasma mass spectrometry (ICP-MS). Rare-
earth-element analyses will be made by a combination of ICPMS and isotope dilution, spark
source mass spectrometry. Isotope analyses for 81/86 Sr, 143/144 Nd, 204/206/208 Pb,
3/4He and possibly U/Th disequilibrium will also be made. Petrological studies are to
include micro-probe analyses and digitally determined mineral abundance analysis.

The geophysics data set are to be used initially with the ground truthing to develop a
relative age map, and hence volcanic activity map, for the ridge. We aim then to further our
understanding of the tectonic and volcanic processes that operate along the ridge axis. Our
initial impression is that the new data support our initial model of AVRs in different stages of

volcanic construction and tectonic destruction [4:5].

In addition to the rock samples collected were about 240 biclogical samples and 130

sediment samples. The bioclogical and sediment samples were frozen at minus
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8°C. The biological samples represent one of the most complete suites of data for the regicnal
variation in the colonisation of mid-ocean ridges and are 1o be the subject of an MSc student

thesis

BM
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INSTRUMENTATION REPORT
Sampling Objectives: Petrology and Volcanology

Cne of the primary objectives of CD80 was to investigate the petrological and
geochemical variation along the Reykjanes Ridge. To realise this objective, sampling was
organised to maximise spatial coverage along the targeted region of the ridge. Further
objectives (discussed in detail in section 1) were to investigate the nature and petrology of
individual AVR's and swells. This was approached by selecting particular AVR's and swells
along the ridge for closer-spaced sample targets (fiqure 4).

Sampling Methodology and Procedure

Two rock sampling techniques were employed during CD80; the rock-chipper and
the dredge.

The Rock-Chipper

The rock-chipper consists of five case hardened steel cutting cups capped with
analytical grade wax. A hole was made in the wax cap to allow any sediment to be captured
and recovered inside the cup. The cups were bolted 1o a steel head assembly, which in turn
was bolted to a lead and steel column (figure 5). The chipper was deployed using the hydro
wire until the tool was approximately 200m from the SIMRAD Precision Echo Sounder
determined sea floor depth. At this stage the rock-chipper was halted for 5 mins to allow it to
stabilise. The rock-chipper was then lowered at a rate of 125 m/min until impact. This was

observed as a change in wire tension on strain gauge and load meter.

When the rock-chipper arrived on deck, the chipper-head was unbolted and carried
to the processing area with the cutting edges facing down to avoid sediment loss from the
cups. The rock-chipper cutters were then removed from the head and checked for sediment
content. If present, the sediment was removed and bagged. The larger rock fragments were
hand picked from the wax. To remove the embedded fragments from the wax, the cutting
cups were placed into beakers of water at 150°C. After 45 minutes the wax floated to the
surface and deposited the fragments at the base of the beaker. The hot wax was then
decanted from the beaker and the rock sample recovered. The sample was then described
and bottled.

The Dredge
The dredge consisted of a standard assemblage of jaws, chain-bag and pipe-dredge.
Samples were obtained from both the chain bag and the pipe-dredge. The dredge was
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deployed off the afterdeck on the coring wire with three and five tonne weak-links on the
shackle and chain respectively. A 10.2 kHz pinger was attached to the cable at 200m above
the dredge. The dredge was lowered until it reached the bottom. At this point the wire-out
and ship position were logged. The ship then made way for approximately 1 cable or 5
minutes. Hauling-in then proceeded at <10 m/min, until the dredge was lifted off the
bottom. Total bottomn -timme for the dredge never exceeded 20 minutes. Wire-out and ship

positicn were logged at this time. The dredge was then recovered to the after deck.

Material sampled by the pipe-dredge consisted of combinations of unconsolidated
sediment, rock fragments and fauna, while the bag dominantly recovered solid rock samples.
After recovery, the haul was initially separated into biological and geological groups.
Representative biological specimens were selected and immediately frozen or placed in
preservative. Any unconsolidated sedimentary material from the pipe-dredge dredge was
bagged and frozen. Solid rock material was washed, prior to sorting into distinct

moerphological and petrolegical groups.

The dredge's track across the sea floor during its bottom-time was then calculated,
assuming the dredge took a straight path behind the ship and that the dredge wire was

taught, using trigonomeitric theorem.

e 1 lution

Of the two sampling techniques, the rock-chipper has the advantage recovering
material from a relatively exact location beneath the ships station, and collecting from an
mdividual outcrop. In addition, the round-trip time is effectively limited to the descent and
ascent of the tool through the water column. Disadvantages of the rock-chipper technique
that were experienced include the sample size {typically < 5g) and the relatively high rate of
failure to collect any rock sample. The fact that rock material was not recovered at many
deployments (around 50%) was ascribed 10 the chipper-head colliding with sediment or
coral. A further disadvantage of the rock-chipper is that it requires the vessel to remain
exactly on station while the tool i1s deployed. This means that when rough sea conditions are
experienced, positional stability carmot be guaranteed and therefore the rock-chipper cannot

be used.

The dredge has advantages over the rock-chipper in having a relatively high success
rate (around 95%) and the recovery of large sample masses (approx.l tc 100kg). However, a
significant disadvantage cf the dredge is the relatively imprecise location of the recovered
material. This i1s due to the distance the dredge covers while on the sea floor. As the

requirement of a perfectly stable station is not essential during dredging, the dredge can be
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deployed in more adverse weather conditions compared to the rock-chipper. However, it
should be noted that modification to the traditional method of dredge deployments on CD80
resulted in dredging being continued into worse weather than had been possible before. The
modifications essentially involved the setting of cleats in the afterdeck (about three metres
fore'ward of the position occupied by the dredge when it was hanging from it wire above the
deck with the A-frame fully retracted). Ropes were fastened 1o the dredge bag by hooks, while
the dredge was level with the afterdeck railing but still over the side, and then run through
the deck-cleats, taking up the slack both fore'ward and beamward, thus stabilising the
dredge during recovery.

In the imtial stages of the cruise the rock-chipper was deployed at 60% of the
planned way points. However, the failure to recover rock samples at many sites during this
period led to a re-evaluation of rock-chipper sites. Rock-chipper deployment was then
restricted to sites which were assessed as having minimal sediment cover on the basis of TORI
sidescan images. Where TOBI data was not available, the decision to deploy the rock-chipper
was based on observations from the ship's 3.5 kHz echo sound profiler. After 75 way points
the dredge tum-around time had decreased to around 2.5 hours, not significantly more than
that of the rock-chipper. This, in combination with the continued low success rate of the rock-

chipper, led to the decision to change the sampling strategy to dredging only.

During the first two deployments of the dredge, the bottem time was 20 mins. This
was subsequently shortened to 15 mins to reduce the turn-around time for each dredge
deployment. The dredge on bottom time was further reduced to five minutes after way point
71. An additional advantage of a shorter bottom time is a more precise sample track. The
length of the sample track was calculated as 800 m for 30 minutes bottom -time and 356m

for 5 minutes bottom-time.

Sample Cataloguing and Storage

The igneous samples were catalogued with reference to:
phenocryst composition and conternt
vesicle density
morphology (sheet flow, pillow lava, or not determinable)
freshness

manganese staming

The larger fragments (>10cm) were stored in heavy duty woven sacks. The smaller

fragments were placed in plastic containers or bags and boxed prior to transport.
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The chipper samples were stored in 60ml plastic botiles. Because of the change in sampling
strategy resulting in an order of magnitude more samples being collected, and the
unexpected recovery of sediment and biological samples, we ran out of purpose storage
material (bags and bottles) by half-way through the cruise. This problem was overcome
through the use of plastic rubbish-bags donated by the Chief Steward's office.

Thin-sections were made on board for the major lithology recovered at ~80 of the
sample stations. These were prepared in the traditional way: a Smm slice was removed from
the interior of the sample by a diamond trim-saw, this slice was then polished on one side on
successively finer carborundum grits (from 120 to 400 grade), it was then fixed to a glass-
slide using canada balsam and a hot-plate, when set the other side of the rock-slice was then
polished through successively finer carborundum grits until a constant thickness of 30mm
was attained, the finished thin-section was then coated in fine-grade mineral ol to aide

MICroscopy.

Volcanological and Petrological Observations

Of the volcanic material collected ~20% could not be positively assigned to either
pillow lava or sheet flow. The remaining rocks were in the ratio of 75:25, pillow to sheet flow.
Around 95% of the lava recovered was categorised as unaltered to slightly altered. Most of
the samples had fresh glassy margins, and relatively crystalline inner sections. Some
alteration of the glass was observed in certain hauls. This correlated with the presence of a

sedimentary layer above the lava.

Scme idea of the relative age of the flows was gained from the state of alteration,
presence and thickness of sedimentary cover and degree of colonisation by fauna. Manganese
staining was noted on several samples but no correlation between its presence and sample

age and location could be established.

On most occasions (70-80%) the dredge haul recovered a single petrological type
(based on phenocryst, lava form and alteration characteristics). This petrological grouping
was separated mtc sub-groups on, for example, the basis of glassy pillow rnm and pillow
nterior sample. The most common difference between lavas within a single haul was
variation in phenocryst content. Over the course of the sampling ¢nly three phenocryst
phases were observed. In decreasing order of abundance these phases are plagioclase,
olivine and clinopyroxene. Each dredge sample was categorised by the observer into aphyric,

sparsely phyric or highly phyric. From this data it was possible to plict the distribution of
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phenocrysts and their abundance with sample location. From this it was seen that

clinopyroxene is restricted to the interval between 59°N and 61.5°N.

THE SIMRAD EM-12 SYSTEM

The first use of the Darwin's EM-12 multibeam sonar mapping tool was during the
CD80 (PETROS) cruise to the Reykjanes Ridge in September to October 1993. The swath
bathymetry data covered five designated survey areas (fig. 2) as well as all 196 sample
stations and inter-station areas. The quality of the data was of an extremely high standard,
both from the designed survey lines and from the stations. The swath extended over
approximately four times the water depth, with a minimal of signal drop-outs at far the range
of the swath (even in sea-state force 8), and no detectable interference from other acoustic
equipment in use. The sidescan sonar output from the EM12 was alsoc of excellent quality,
with a sample resolution seemingly closer to that achieved for generic sidescan sonar systems
such as SEAMARK II. Hard-copy output from the EM12 sidescan sonar was arranged at a
scale of 1:50,000 to match the existing hard-copy TOBI records for the Reykjanes Ridge. The

hard-copy output produced real-time slant-range corrected and anamorphosed magery.

Unlike conventional sidescan sonar data, those from the EMI12 were automatically
corrected for variations in signal intensity and scattering with a derivation of Lambert's Law
(using the recorded bathymetry as an incidence reference). As a result, the output was a
close approximation of the acoustic back scattering strength due to roughness and physical

properties of the seafloor.

Multibeam Sonar Acquisition

The MERMAID system, SIMRAD's generic data acquisition package, was based on a
SUN Spark 10 platform. Its primary function was to logg raw-data, and correct this for

changes in the attitude of the vessel (roll, pitch and heave) as the data were acquired.

Multibeam Sonar Processing

The NEPTUNE systemn, SIMRAD's generic data processing package, was also mounted
on a SUN Spark 10 platform. Its primary function was to clean the data for both systematic
and non-systematic errors, merge the data with corrected navigation, and generate files
suitable for plotting with a variety of geographic projections. Data quality control filtering by

NEPTUNE involved noise and spike filtering using a wide range of parameters and



-25-

statistically based thresholds. It also provided gridding routines 10 assemble coherent data

sets from a number of survey lines.

Multibeam Sonar Visualisation

The third component of data reduction with SIMRAD's generic software is through the
IRAP module, a visualisation software package allowing a high degree of flexibility in data
viewing and analysis. The software was mounted on the same SUN SparklQ as the NEPTUNE
system. Data representations were produced as both pan-form charts and 3D trend-surface
diagrams. Hard copy outputs were available for sizes up to A3 (for colour fill and/or isobath

charts) or up to A0 for isobath charts only.

Sidescan Sonar Data

The sidescan sonar data from the EMI12 system is available in two formats: a
geometrically corrected and Lambert's Law corrected out put; and as a total reflectivity map
for each beam. The latter proved to be easy to import on to a workstation and to be
visualised, being correct for navigation and beam position. However, the quality of the data
was poor, with systematic artefacts due to the geometry of the data acquisition system
swamping any useful geological information. The more conventional sidescan data from the
EMI12 was not possible to load on to a work station because of difficulties in understanding
the SIMRAD formats. The data hard copy out put was excellent, however, although the
Lambert's law correction for beam -slope incidence was of questionable advantage for

geological interpretation.
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CD80 SHIPS TRACK
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Fig. 1 Track chart: RRS Charles Darwin Cruise CD80, 01 Sep - 01 Oct 1993
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CD80 SIMRAD SURVEY LINES
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Fig. 2 SIMRAD EMI12 multibeam swath sonar surveys (excluding station

transit lines during bottom sampling)
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CD80 SAMPLE STATIONS
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Fig. 3 Bottom sampling stations for CD80
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of the swells and mtervening troughs referred to in Appendix 2.
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ROCK -CHIPPER HEAD ASSEMBLY
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Fig. 5 Chipper head assembly
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