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1.0verview
(C. Devey)

1.1 Introduction

The main aim of the M41/2 cruise was to sampie the spreading axis and adjacent seamounts near

Ascension Island. The general geology of the seafloor is shown in Figure 1.1. It is characterised by two

large transform fault systems in the north and south (the Ascension and Bode Verde Transforms), both of

which consist of 2 large faults separated by a small intratransform spreading axis (for details, see Chapter

2).

Figure 1.1 The large-scale morphological features of the seafloor near Ascension Island
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The spreading axis between the Ascension and Bode Verde Fracture Zones is dissected by several non

transform offsets, creating aseries of spreading segments. Figures 1.2, 1.3, 1.5 and 1.6 show the location

of the neovolcanic zones in each segment as far as we were able to determine their position using

bathymetry or aeromagnetic information or from maps kindly placed at our disposal by N. Brougier and T.

Minshull (Univ. Cambridge). For ease of description we numbered the segments consecutively from north

to south (ASC1 to ASC6). These segment numbers are shown on Figures 1.2 - 1.6 and are noted in the

dredge description table which comprises the Appendix. Detailed bathymetric information on the area was

available from the National Geophysical Data Centre (NGDC) and the InterRidge server in Lamont (data

from cruises with the RV "Conrad" by Brozena and White (1990)) but extended only as far as ca. 10°1 O'S

(southern end of Segment ASC5). South of segment ASC5 we had to rely on bathymetry predicted from

satellite altimetry to guide the sampling, and due to the low resolution of this data we had no clear idea of

how many ridge discontinuities there may be in this area. Furthermore, sea conditions were such that it

proved impossible to attain reasonable maps with the Hydrosweep equipment whilst sampling this part of

the axis. For these reason, the whole southern part of the ridge was grouped under the segment name

ASC6.

The dredge sampling programme started north of the Ascension Fracture Zone, we then

proceeded to sampie some inside corner highs associated with this fracture zone (see Chapter 3) and then

began work on the Ascension axis itself. At closest approach to Ascension we made two brief circuits of

the island to map its flanks in the search for evidence on the intensity and style of erosion and subsidence

occurring there (see Chapter 2). We then returned to the spreading axis and sampled continuously as far

south as the portion adjacent to Grattan Seamount (see Figure 1.1). We then studied several of the

seamounts, including Grattan, wh ich lie to the East of the spreading axis. The sampling programme

continued with dredges south to the Bode Verde Fracture Zone, where we took the last dredge on the

intratransform inside corner high.

At intervals during the dredge sampling programme sediment corers were taken (see Chapter 4)

for the group from the University of Bremen. Although primarily aimed at questions which do not overlap

with the aims of the dredging programme, the sediment corers contained some ash layers which may help

with the dating of volcanic activity both on Ascension and on the seamounts east of the spreading axis.

Parallel with some of the sediment stations, the marine biologists took water sampies from the upper two

hundred metres of the water column to study terapods and dinoflaggelates (see Chapter 4)

1.2 Description of the dredge programme
Details of all sampies collected by the dredges and the sampling locations are given in the Sampie

list, Appendix 1. Sampling began with three dredges (119 - 121TDS) on the axis north of the Ascension

Fracture Zone (see Figure 1.2), taken in order to characterise the mantle composition away from any

influence of an Ascension anomaly. Previous work by Schilling (1991) Schilling et al. (1985) and Hanan et

al. (1986) have shown that the Mid-Ocean Ridge Basalts (MORB) in this region are exceptionally

unradiogenic in their Sr and Pb isotopes and radiogenie in their Nd isotopes. With the sampies collected

during M41/2 we also wish to investigate the major and trace element compositions of these sampies. A



5

dredge taken on the inside corner high north of the Ascension Fracture Zone (122KDS) in an attempt to

recover peridotites yielded only basalts. Within the fracture zone itself we made three attempts (123KDS to

125KDS, see Figure 1.2 and 1.3) to recover peridotite and were successful in two locations, the third

location yielding gabbros (see more detailed descriptions in Chapters 2 & 3). Attempts to dredge the small

intra fracture zone axis (segment ASCO, stations 126KDS and 127KDS, see Figure 1.3) yielded old pi/low

lavas in only one case, two attempts to recover peridotites from the inside corner high south of the

Ascension Fracture Zone yielded only gabbros.

Figure 1.2 Bathymetry and sampie locations of the Ascension Fracture Zone area.
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Figure 1.4 The bathymetry around Ascension Island
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Sampling of the Ascension spreading axis was then begun (Figure 1.3). Sampie localities were

chosen based on the bathymetric data available from previous cruises and a sam pie spacing of 3 locations

per 10 minutes of latitude was attempted. Any dredge which was empty despite having "bitten" was

repeated. After the first four dredge stations (130KDS to 133KDS) we made an approach to Ascension

Island where we made two circuits for mapping purposes (see Figure 1.4) and performed one sediment

station (see Chapters 2 and 4). We then returned to the spreading axis and continued with the sampling of

the deep segments ASC1 to ASC3 (136KDS to 146KDS). South of ASC3 the nature of the axial

topography changes, with the rift valley becoming less weil pranounced and water depths generally

shallowing. The exact location of the active spreading axis for segment ASC4 was in some doubt before

the cruise - both Brozena and White (1990) and Bruguier and Minshull (pers. comm.) were in favour of the

axis Iying at 13°15'W, although Bruguier and Minshull (pers. comm.) also suggested that the axis could

recently have been active at 13°35'W. In order to investigate these possibilities we dredged both locations

at ca. 8°20'S (stations 147KOS-150KDS, see top of Figure 1.5)). The station 150KOS, on the more

easternly of the proposed axes, yielded only calcareous sediments, whilst sampies fram the more westerly

ridge were all relatively fresh. This ground-truthing gives relatively strong evidence that the present ASC4

axis is located weil in the west and not in the east as proposed by Brozena and White (1990). Stations

151 KOS to 164TOS were taken then along the westerly ASC4 axis.

Figure 1.5 The bathymetry and dredge locations on Segments 4, 5 and 6
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Segment ASC5 (see Figure 1.5) is characterised by very shallow water depths (as low as 1400m)

and a poorly defined or in places non-existent axial valley. In total we took 12 dredge hauls along the crest

of this segment, most of which yielded very fresh basalt. East of the shallowest portion of ASC5 is a chain

of three seamounts running E-W. Only the middle seamount in the chain, Grattan , has already been

named, the easternmost seamount was referred to as Seamount D by Brozena (1986). Of these

seamounts, the most westerly yielded paradoxically the oldest-Iooking sampies (stations 175TDS and

178TDS), the sampies from Grattan (Stations 179TDS-181TDS) were reasonably fresh, whilst those from

Seamount D were amongst the freshest. It will be interesting to date the sampies recovered to examine

how this chain has evolved.

The morphology of the spreading axis changes dramatically fram ASC5 to ASC6. The rift axis

becomes once more deep and there is a pronounced axial valley. Stations 192TDS to 204KDS (Figures

1.5, 1.6) were taken along this axis. The final dredge 205KDS was taken on the intra fracture zone inside

corner high in the Bode Verde Fracture Zone.

Figure 1.6 Satellite-derived bathymetry and dredge stations for Segment 6 and the Bode Verde Fracture

Zone
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2. Bathymetry
(N. MitcheII, T. Steffenhagen)

2.1 Sonar recording of seafloor morphology

Continuous bathymetry measurements were made during Meteor 41/2 using the hull-mounted

Hydrosweep OS multibeam echosounder and Parasound narrow beam sediment profiler. The systems

were run continuously during the cruise beyond the 200 nautical mile limits of the coastal states. Operation

of the Parasound system will be described in more detail in Chapter 4.

Performance of the Hydrosweep system depended heavily on sea conditions, so data collected

whilst travelling southeast in the Ascension area (into prevailing swell) were generally poor. The

Hydrosweep system was run with a water velocity profile calculated from a CTO dip taken at the start of

the cruise, and this velocity profile was then used for the whole cruise (the CTO dip is described separately

in Chapter 4). Effects of erroneous velocity profile are evident in data collected on the transit to Brazil

(upward curved across-track bathymetry) but data from around the Mid-Atlantic Ridge and Ascension

Island are not noticeably affected. The "SURF" format files created by the Atlas software were translated

into an older Hydrosweep ASCII format using software provided by Hanno von Lom, and then translated

again into a format of the MB-SYSTEM (public-domain multibeam processing system created at Lamont

Ooherty Earth Observatory (Caress and Chayes, 1996)). These data were then processed using ,mbclean'

to remove erroneous soundings, which was only partly successful. Some data collected around Ascension

Island and around the Ascension Fracture Zone were further manually processed using ,mbedit'. These

data were combined using the ,GMT' software (Wessei and Smith, 1998) with earlier RN Sonne

Hydrosweep and RN Conrad SeaBeam data to create the maps shown in Figures 1.2 to 1.6.

The region of the Mid-Atlantic Ridge (MAR) from 6° S to 10° S was surveyed with SeaBeam

aboard the RN Conrad in the early 1980s (Brozena and White, 1990), and our surveying with the Meteor

was designed largely to supplement that coverage in critical areas where possible. The following is a

summary of the main features studied with the combined sonar dataset.

2.2 Ascension Fracture Zone

The Ascension Fracture Zone consists of a double transform with an intervening 20-km wide

spreading segment (Figures 1.2 and 1.3). East of 11 0 40'W the inter-transform crust is a typical rough

terraine of ridge-parallel abyssal hills, but west of there the bathymetry shows a smoother surface with

transform-parallel crenulations. Such crenulated surfaces have recently been interpreted as possible

detachment faults, similar to those in core-complexes on continents (Cann et al., 1997). If this were a

detachment fault surface, this would be one of the largest such structures found so far - crenulations can

be traced over a length of -50 km at around 12 0 W (c1early visible near station 123KOS in Figure 1.2). We

believe the size of this structure is too large for a fault to have initiated and been continuously active at low
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angle over the whole surface. Therefore, this feature may be evidence for a fault initiating and slipping at a

higher angle in the brittle crust, and rotating to its present sub-horizontal configuration.

The double transform also displays some remarkably abrupt transitions in tectonic style at the two

ridge-transform intersections. In the east (immediately south of dredge 122KDS, Figure 1.2), translation

along the transform has left an elevated terrace of sediment abutting a median valley of the MAR.

Evidently, extensional faulting and dyke injection within the crust terminate sufficiently abruptly that the

sediments appear relatively undeformed. Further west, approaching dredge site 123KDS from the north

across the transform valley, we observed inclined sediment layering below a flat sediment surface in the

Parasound data. This may indicate a transient period of extension across the transform. Transient

compression periods are represented by transform-parallel ridges seen in the bathymetry.

2.3 Flanks of Ascension Island

Recent multibeam sonar data from the Canary Islands and older GLORIA sidescan sonar data

from Hawaii and other islands have revealed massive submarine landslides (debris avalanches). Volcanic

islands are unstable and their flanks may largely consist of landslide material rather than in-situ voleanie

eonstructs. However, these studies have so far only been earried out on tall islands on old seafloor, so we

were interested to see if the flanks of Ascension Island, a smaller edifiee on young seafloor, also shows

evidenee of massive landslides. We made two encireling surveys around the island (Figure 1.4). These

are unfortunately ineomplete because of poor weather (west of Aseension) and a logging problem (south of

Aseension) but they show none of the surface textures and depressions typieal of the Canary landslides.

One or two small satellite eones were observed, and one major voleanie strueture northwest of the island

(around r 50'S, 14° 35'W). We have also digitised British Navy hydrographie charts (with the help of

Sandra Ludwig, Beate Wenskowski and Franeis Liehowski) which, together with the Hydrosweep data,

may help to resolve the question of landslides and also whether the island shelf contains wave-cut terraees

that reflect its subsidence.

2.4 Mid-Atlantic Ridge

The ridge axis in this area has a highly variable strueture, consisting of a shallow axial valley north

of the Ascension fracture zone, a deep valley at the inter-transform segment and immediately south of the

Ascension fraeture zone, and an axial high (ridge) south of 8° 30'S. South of 10° 15'S where there were

previously no multibeam data, our Hydrosweep mapping eonfirms the pieture from the satellite-derived

bathymetry (Figure 1.6) that the ridge has an axial valley down as far as the Bode Verde fraeture zone.

This diversity ofaxial morphology supports the idea that the Ascension ,hotspot' is in fact more of a region

of variable mantle fertility than a true thermal plume deep-seated in the mantle (Minshull et al. , 1998).
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2.5 Grattan and other nearby seamounts

We studied three seamounts east of the Mid-Atlantie Ridge just south of 9° 30'S. Two of these

(Grattan and a small unnamed seamount dosest to the ridge) had already been studied during the

previous Sonne eruise. These are fairly typieal round voleanie struetures with a topographie texture whieh

suggests their flanks may have small satellite eones and possibly minor landslides. The other seamount

studied lies at 9° 45'S, 12° 10'W. We eolleeted data on only the northwestern flank, and these show a

similar surfaee strueture to Grattan. Although their summits are quite shallow, none of these seamounts

show any evidenee for a wave-eut (guyot) surfaee, as far as ean be aseertained from the limited multibeam

data, so they were probably formed wholly submarine.
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3. Plutonic rocks
(E. Hellebrand)

3.1 Aims

Lower crustal and mantle-derived rocks were collected at 4 stations. At the intersection of the

Ascension Fracture Zone system and the Mid-Atlantic Ridge, three inside corner highs were chosen as

targets for sampling mantle rocks (Figures 1.2 and 3.1). Inside corner highs at slow spreading ridges have

been found to consist largely of serpentinized peridotites (Cannat and Casey, 1995; Ghose et al., 1997).

Only one of the inside corner high dredges contained serpentinized peridotite (station 125KDS). Station

122KDS, north of the Ascension Fracture Zone system (AFZ) yielded basalt only. At the inside corner high

south of the AFZ two dredges came up empty and one contained minor amounts of pebble-sized gabbro

(128KDS).

14°W

Ascension
• Island

11°W

x 'Inside Corner High'

+ 'Corrugated Crust'

14°W 13°W 11°W

Figure 3.1: Dredge locations of plutonic rock targets at the Ascension Fracture Zone system, see also

Figures 1.2 and 1.3.

Two dredge stations were carried out in old crust in the miere-segment between the Ascension

Transforms. Our analysis of the RN Conrad Seabeam bathymetric data revealed the presence of

transform-parallel corrugations. Similar seafloor fabrics have been interpreted as exposed surfaces of low

angle detachment faults, possibly in serpentinized peridotite (Cann et al., 1997; Mitchell et al., 1998).
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Considering the low shear strength of partly serpentinized peridotite (Escartin, 1998) and low magma

supply at segment boundaries, this type of low-angle normal faulting may be an important mechanism for

the emplacement of mantle rocks on the ocean floar. Minshull & Brozena (1998) reported anormal crustal

thickness of 6 km near the Ascension Fracture Zone, wh ich is unexpected given the vicinity of a hotspot. It

must be noted that partly serpentinized peridotite may contribute significantly to the oceanic crust and

cannot be distinguished seismically from gabbroic rocks (Cannat, 1996). Because of the tight time

schedule, only two dredge stations could be carried out in this area. Dredge 123 collected cataclasite with

angular serpentinite and highly altered basalt fragments. Dredge 124 yielded small amounts of pegmatitic

gabbro, also bearing evidence for brittle deformation. None of the dredges between the Ascension

Fracture Zone system and the Bode Verde Fracture Zone system yielded any plutonic lithologies.

At the Bode Verde Fracture Zone, an inside corner high was dredged twice. The first dredge came

up empty, and the final dredge hauI of the cruise (205KDS) yielded strongly altered basalt and diabase.

3.2 Peridotites

Station 125KDS yielded predominantly c1inopyroxene -poor harzburgite and one sampie of

Iherzolite with very high modal abundance of interstitial clinopyroxene (cpx). Three of the harzburgites were

cut by strongly altered gabbroie dikelets. The harzburgite represents a typical abyssal peridotite. The very

high degree of serpentinization (more than 90% of the silicates are replaced by serpentine minerals) is

characterized by its black-green color and the massive serpentine replacing olivine, without any olivine

relicts in the serpentine kernel cores. Olivine may be preserved at opx grain boundaries. The modal

pyroxene content is 20-25 percent, with less than 2 percent modal c1inopyroxene. Maximum orthopyroxene

grain size is 20mm. Pale green c1inopyroxenes are generally smaller than 5mm and associated with opx

porphyroclasts. Accessory Cr-spinel is present as rare isolated grains of up to 6mm, as small crystals at

orthopyroxene grain boundaries, and occasionally as irregular spinel-cpx intergrowths. The texture of these

harzburgites is coarse-grained, elongate porphyroclastic.

A foliation is defined by the preferred orientation of elongated orthopyroxene porphyroclasts wh ich

show aspect ratios as high as 4: 1. The pyroxene porphyroclasts are also extended by intracrystalline

fractures, oriented at a high angle to the foliation plane. Opx kinkbanding is very rare. Pyroxene layering

was not observed at the available scale. Sulfides, often present as accessory (secondary) phase in

abyssal peridotites were also not observed.

Three serpentine 'lein arrays are present. The earliest 'lein array lies subparallel to the foliation

and contains slip-fibers of black serpentine, with a width less than 1mm. A discontinuous array of white

asbestiform serpentine 'leins crosscuts the black serpentine 'leins in nearly the same plane. They are

heterogeneously distributed and locally up to 1mm wide. An orthogonal netvvork of pale green, dense

serpentine 'leins, up to 3mm wide, crosscut earlier serpentine 'leins. Because of their wide spacing on the
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order of 5-10cm, they appear less abundant in hand specimen. They are generally found at the sam pie

edges, forming the sampie surface on wh ich slickensides are often observed. The serpentinized

harzburgites are intensely fractured, mostly with fractures oriented at high angles to the foliation plane.

The Iherzolite has 40 percent modal pyroxene with approximately 8 to 10 percent cpx. This

sam pie is also strongly serpentinized (ca. 90%), but it has a light green-grey color. Olivine is locally

preserved as clusters of small isolated islands. Bright green cpx occurs as up to 10mm crystals with an

irregular shape, often associated with opx porphyroclasts. Despite its resistance to serpentinization, cpx is

intensely bastitized along its cleavage. er-spinel is very rare and associated with opx. Elongated opx

porphyrociasts with aspect ratios of up to 6: 1 define the foliation plane. The Iherzolite has similar structural

features as the harzburgites. A magnetite-rich serpentine network defines the early stages of

serpentinization. Discontinuous chrysotile veinlets are less common than in the harzburgites.

The harzburgites that are cut by white gabbroic dikelets are identical to the previously described

vein-free harzburgites. The thin dikelets are less than 1mm wide. Their white color results from the high

modal plagiociase content, which is strongly altered. The contact with the peridotite host rock is irregular

and diffuse. Their remarkable 'thinness' indicates a very high temperature at the time of intrusion into the

harzburgite host rock, at near solidus conditions.

The thick gabbro dikelet has a variable thickness between 5 and 20mm and is oriented obliquely to

the poorly defined foliation of this particular harzburgite sampie. The white dikelet consists of strongly

altered plagioclase (80 % modal of which approximately 10% are preserved) and 20 % brownish cpx. The

dikelet was ductily deformed after its emplacement, as shown by cpx sigma elasts of up to 1mm. Olivine

preservation is much higher than in the gabbro-free harzburgites. This is very atypical. In gabbro-injected

peridotites from the MARK area, olivine is very rarely preserved near these dikelets, indicating that these

form conduits during hydrous alteration. Furthermore, the abundance of interstitial cpx is much higher than

in the gabbro-free harzburgites. These observations, however, are not necessarily related, because the

gabbro intrusion is a subsolidus event. The formation interstitial cpx requires melt entrapment at conditions

slightly above mantle solidus.

This is consistent with a thick lithosphere-thin magmatic crust environment, expected at large

transform offsets. It confirms the model of Minshull et al. (1998), based on geophysical evidence, that

predicts a 6km crustal thickness at the Ascension Fracture Zone.

3.3 Gabbros

Two stations brought up gabbroic rocks. The pegmatitic gabbros during dredge haul124KDS have

spectacular cpx crystal sizes of up to 7cm. The gabbros are composed of plagioclase and cpx. Olivine was

not observed. Very coarse-grained gabbros like these were also collected in the drill core of Hole 735B at
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the Atlantis 1I Fracture Zone (SWIR). These have been interpreted as liquids that cooled on the

plagioclase-cpx cotectic in the middle crust after having fractionated olivine in deeper parts of the crust.

Very evolved residual liquids, that produce oxide-rich ferrogabbros along shear zone and eventually

plagiogranites, must have been pressed out.

Only 4 small fragments of gabbro were collected during station 128KDS, two of which are

leucocratic, plagioclase-rich gabbros and two dark grey melagabbros. The light grey-green leucogabbros

are coarse grained with crystal sizes up to 1.5cm. They are equigranular and very fresh. Approximately

70% modal plagioclase, 30% modal green cpx and accessory dark interstitial cpx or hornblende. As

opposed to the gabbroic dikelet in the harzburgite, they bear no evidence of deformation. The

melagabbros are not as coarse-grained as the leucocratic rock and have crystal sizes up to 5mm. They

consist mostly of dark cpx and altered plagioelase and minor amounts of silver-grey reflecting oxide grains

of up to 1mm.

3.4 Cataclasite

The brecciated rock collected on the corrugated crust between the Ascension Fracture Zones is largely

formed by cm-sized angular fragments of very fine-grained, strongly altered white-yellowish material,

possibly of basaltic origin. Furthermore, angular and to lesser extent tectonically subrounded serpentinite

elasts of up to 5cm are observed, as weil as medium-grained diabase fragments. They are 'cemented' by a

very fine-grained, brownish material. The fault rock has a very poorly defined layering.



16

4. Sediments

4.1 Sediment sampling
(S. Drachenberg, O. Esper, S. Gerhard, M. Segl and N. Zatloukal)

Sediments were recovered at 6 stations using a multicorer and a gravity corer. The multicorer was used to

obtain undisturbed sediment surfaces and the overlying bottom water. To recover deeper sediment

sequences the gravity corer with 6m pipe length and a weight of 1.5 tons on top was used. On GeoB 5002,

corals for stable isotope investigations were recovered from a dredge. The stations are listed in Table 4.1

Table 4.1: Sediment Station list M41 /2

GeoB Date Equipment Time Location Water
No. 1998 Seafloor Latitude Longitude Depth

(UTC) (m)

Guinea Basin
5001-1 20.03. CTD 02'02.3'S 01'09.1'E 4593

5001-2 ROS 02'02.2'S 01 '09.2 'E 4600

NW Ascension lsland
5002-1 27.03. MUC/CTD 10:15 08'08.6'S 14'32.5W 2851
5002-2 SL12 10:57 08'08.6'S 14'32.5W 2851
5002-3 SL6 13:52 08'08.6'S 14'32.5W 2849
5002-4 ROS 08'08.8'S 14'32.0W 2846

Remarks

CTD data for calibration
of Hydrosweep
Sampies at water depth
200m, 150,50,20,10

8 big, 4 small tubes filled, 27cm
Tube bended, no core recovery
5.60m core recovery
water sampies from 200,
150, 90, 50, 20, 10m depth

NE Ascension Island
5003-1 27.03. SL6 19:37 07'48.1'S 14'11.8W

Mid-Atlantic Ridge
5004-1 01.04. MUC/CTD 23:23 09'10.0'S 13'20.5W
5004-2 02.04. MUC/CTD 01 :23 09'10.0'S 13'20.4W

5004-3 SL6 03:05 09'10.0'S 13'20.4W

5005-1 03.04. TD 09'43.TS 12'49.7W

5006-1 04.04. MUC/CTD 18:27 09'45.6'S 12'22.1'W

5006-2 SL6 20:20 09'45.6'S 12'22.1'W

5007-1 08.04. MUC/CTD 20:42 12'23.6'S 13°56.3W

5007-2 SL12 22:54 12'23.6'S 13'56.3W

5008-1 09.04. ROS 12'55.8'S 15°41.1W

5008-2 SL12 12:18 12°55.8'S 15'41.1 W

5008-3 MUC/CTD 14:40 12'55.8'S 15'41.1W

ROS - Rosette water sampies, 18 water bottles, 10 I
MUC/CTD - Multicorer with CTD attached 50 m above
SL6/12 - gravity corer with 6 and 12 m pipe length, resp.

2884

2791
2790

2789

3244

3244

3668

3668

3405

3405

3407

no core recovery

no core recovery
6 big, 4 small tubes
filled, 10cm
Tube bent, core
recovery 67cm

Corals

7 big, 4 small tubes filled
30cm, 1 big tube 10cm
core recovery 5.71 m

5 big, 3 small tubes filled
to 8 - 10cm
core recovery 9.34m

water sampies from 200,
150, 100, 50, 20m
Tube bended, core recovery
3.73m
8 big and 4 small tubes,
20-24cm
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Part of the gravity cores taken during METEOR Leg M41/2 were opened, described, and sampled together

with some cores from the previous leg M41/1.

4.1.1 Sediment surface sampling with the Multicorer

The main tool for the recovery of undisturbed sediment surfaces and the overlying bottom water was the

multicorer equipped with eight tubes of 10 cm and four smaller tubes with 5 cm diameter. The multicorer

was used at 5 stations. The core recovery was generally very good, and normally all tubes were filled.

At each multicorer station, the overlying bottom water was sampled for stable isotope measurements at

the stable isotope lab in Bremen. From each multicorer, the tubes are usually sampled as folIows:

- 1 large tube is cut in 1 cm slices for analysis of Corg. The slices are frozen immediately after cutting at 

20°C.. On these sampies the content of Corg.will be determined. On some of the sampies stable carbon

and nitrogen isotopes, alkenones and the isotopic composition of the alkenones will be measured.

2 large tubes are cut into 1cm slices and stained with a solution of 19 of rose bengal in 1 I ethanol before

storing away at 4°C. On these sampies the planktonic foraminiferal assemblage will be investigated.

Benthic foraminifera which still contain organic material are coloured red by the rose bengal and will be

used to determine the bioturbation depth.

-1 large tube is cut in slices of 1 cm which are immediately stored at -20°C in the deep-freeze room. At

Bremen University further investigations, e.g. organic microscopy, will be carried out.

-1 large tube is cut into 1 cm slices and deep frozen at -20°C. At the University of Bremen these sampies

will be wet-sieved (split into sand-, silt- and clay-sized particles), dried and decarbonated with hydrochloric

acid. Afterwards, the settling velocity of each non-biogenic sampie will be measured with a silt-settling-tube

and a sedigraph (particle-size-analyser), in order to evaluate the grain size distribution and the mean

particle sizes. These sediment parameters, in combination with the hydrosphere values (salinity, pressure,

temperature etc.) will provide a better understanding of regional circulation patterns and local marine

current systems.

-1 large tube is cut into 1cm slices and stored at 4°C. On these sampies the assemblage of calcarous and

organic dinoflagellates will be studied.

-1 large tube is frozen completely as archive

-1 large tube is frozen as archive after removal of the SUrface for the analysis of radiolaria- and diatom-

assemblages.

-35mall tube5 are frozen as archive

-15mall tube is frozen for later investigation of physical properties
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4.1.2 Sediment sampling with Gravity Cores

5 gravity cores were recovered from 6 stations. The core recovery varied between 0,67 m and 9.30 m

representing more than 125,000 years based on results obtained from preliminary stratigraphy.

3 cores (8eoB.5002-3, 5004-3, and 5006-2) were opened, described and sampled on board. together with

cores 8eoB.4904-4, 4906-3, 4907-3, 4908-2, and 4912-2 from the previous cruise. The remaining cores

will be opened on the next leg M41/3. After splitting, the archive section was described following the OOP

nomenclature and sediment colour was determined by comparison with the MUNSELL® soil colour charts.

A hand-held photospectrometer was used to record the colour of the fresh sediments at 5 cm sampling

intervals. All cores were photographed together with a colour reference card.

On the working half of the split cores, the electric resistivity R was determined using a handheld sensor

with miniaturized four-eleetrodes-in-line CWenner') eonfiguration (eleetrode spacing: 4mm). A rectangular

alternating current signal is fed to the sediment about 1em below the surfaee by the two outer eleetrodes.

Assuming a homogeneously conducting medium, the potential difference at the inner two electrodes is

direetly proportional to the sediment resistivity R. A fast resistanee thermometer provides data for a

temperature eorreetion. Aeeording to the empirieal ARCHIE's equation the porosity of the sediment ean be

ealeulated, whieh ean be eonverted to the wet bulk density following a reeommendation by Boyee (1968).

Two series of known volume sampies, A and B were taken with 10 cm3 syringes every 5 cm, starting at 3

cm below the top of the eore. Series A will be analysed for organie geochemistry and physieal properties.

Series B will be used for foraminiferal and stable isotope analyses. On some eores smaller sampies were

taken systematieally for the preparation of a preliminary stratigraphy based upon the abundanee of the

foraminifer G/oborota/ia menardii.

4.2 Visual core description and stratigraphy
(S. Orachenberg and M. Segl)

4.2.1. Methods

Core description was carried out following OOP convention (Figures 4.2 - 4.8). Stratigraphie analysis was

performed on several cores using counts of the relative abundance of the foraminifer G. menardii (Ericson

and Wollin, 1968, Figure 4.1).

Smear slides were taken from all representative lithological units in all cores and from layers of special

interest The slides were then mounted with "Norland optical adhesive". They were examined on board

ship using a transmitted light microscope at 100 to 400x magnification under plane-polarised and cross

polarised light
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Fig. 4.1: Stratigraphie results on the eores from leg M 41/2

The sediment elassifieation is based on ODP nomenelature following the terminology defined by Dean et

al. (1985). The strueture eolumn shows features sueh as intensity of bioturbation, layering, nature of

lithologieal eontaets and presenee of mega-fossils. The hue and ehroma attributes of the sediment eolour
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were determined by comparison with the MUN8ELL® soil colour charts as soon as the cores were split.

Colours are named and coded according to the MUN8ELL®colour notation.

To quantify the colour of the sediment a Minolta CM-2002™ hand-held spectrophotometer was used to

measure the light reflectance of all gravity cores at 31 wavelength channels in the range of visible light

(400 - 700 nm). The readings were taken immediately after splitting the core. The archive halves of the

cores were scraped with a knife to expose a fresh, unsmeared surface for the measurements. The core

was then covered with a transparent Hostaphan®-film to protect the camera. Measurements were taken

every 5 cm, at the same positions as the sampies taken from the work half, to resolve small scale colour

changes. Before measurements were taken, a white calibration of the spectrophotometer was performed

using a white calibration standard and a white reference measurement was included in the data file. The

calibration surface was covered with the same plastic film as the core to avoid any bias in the readings.

The reflectance profiles at the three wavelengths (450 nm, 550 nm, 700 nm) are shown next to the core

diagrams. These three wavelengths give a good overview of sediment colour spectrum, since they cover

most of the spectrum measured. In addition they represent the colours blue, green and red, respectively.

The colour of the sediment is strongly influenced by its carbonate content and terrigenous material. In

cores with a carbonate content below approx. 50 wt. % the lightness (L*) of the sediment correlates weil

with the carbonate content. This correlation can be used as a basis for a preliminary stratigraphy by

correlating the lightness of the sediment colour to the carbonate data of other cores from the region, which

have been published in the literature. The hue (H) of the sediment colour seems to be strongly influenced

by the input of terrigenous material.

4.2.2. Shipboard Results

The following results were obtained from core description and smear-slide analyses. 8tratigraphy of the

cores from Leg 41/2 is obtained from the abundance of G. menardii, as shown in Figure 4.1

Core GeoB 4904-4 (Figure 4.2: Position: 00057.6'N 08°52.8'E, water depth: 1339 m, length: 1132 cm)

Down to a depth of 570 cm core GeoB 4904-4 consists of nannofossil ooze with varying contents

of c1ay and diatoms. From 570 to 750 cm and from 930cm to the end of the core the sediment is mainly

made up of nannofossil diatom ooze. From 750 to 930cm it consists of diatom-bearing nannofossil ooze.

The entire core is mostly homogenously greenish very dark gray, and colour changes are gradual.

Bioturbation must have been high, but appears moderate. A vertical worm burrow can be observed

between 865 and 882 cm. Open burrows can be found at 395, 410, and 440 cm.

Core GeoB 4906-3 (Figure 4.3: Position: 00°41.4'8 08°22.6'E, water depth: 1274, length: 1226 cm)
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Down to a depth of 1110 cm core GeoB 4906-3 consists of diatom ooze with varying contents of

c1ay and nannofossils. At 1110 cm diatoms are gradually replaced by nannofossils as the main sediment

constituents. There is Iittle colour change to be observed since variation is gradual and ranges only

between dark gray to black with a varying olive-component. The core appears moderately bioturbated. At

core depths 60,75,80,87, 105, and 125 cm open worm burrows can be found, apart of them being filled

with fecal pellets. At a depth of 732 cm there are abundant mesoscopic gastropod shells. At a depth of 895

cm a complete bivalve test could be observed.

Gore GeoB 4907-3 (Figure 4.4: Position: 00°37.5'8 08°01.6'E, water depth: 2066 m, length: 1666 cm)

The uppermost 80 cm of core GeoB 4907-3 consist of nannofossil ooze. Within the depth interval

80 to 450 cm the core contains nannofossil siliceous ooze. Between 450 and 1210 cm there is quartz and

silica-bearing nanno fossil ooze. At 1210 cm the composition of the sediment gradually changes to nanno

fossil ooze down to a depth of 1450 cm, where clay becomes more pronounced down to 1560 cm. The last

metre of core GeoB 4907-3 consists of silica-bearing nannofossil ooze. Down to a depth of approximately

1000 cm abundant pteropod shells and fragments can be found. At a depth of ca. 450 cm a faint odour of

hydrogen sulphide can be noticed. The odour becomes more pronounced downcore. Gore GeoB 4907-3

bears abundant megafossils. More extraordinary among these are a complete bivalve test at a depth of 32

cm and a benthic foraminifer at 214 cm. Bioturbation is usually moderate to strong but there is also an

interval of highly bioturbated sediment between 1430 and 1450 cm. There is little evidence for mass flows

but a tiny sandy layer can be observed at a depth of 890 cm. Golour data provides only little changes from

dark gray to black.

Gore GeoB 4908-2 (Figure 4.5: Position: 00°42.7'8 06°50.3'E, water depth: 3029 m, length: 1748 cm)

Gore GeoB 4908-2 is dominated by nannofossil ooze, within the depth intervals 0-20 cm, 125 -150 cm, and

890-1220 cm, also c1assified as the above. Between 20 and 307 cm the core consists of diatom-bearing

nannofossil ooze. In the depth interval between 307 and 385 cm the core consists of siliceous nannofossil

ooze. The interval between 385 and 587 cm is made up by diatomaceous nannofossil ooze. Between 587

and 890 and between 1510 and 1748 cm diatoms are less abundant. For these intervals the sediment is

c1assified as silica-bearing nannofossil ooze. Gore GeoB 4908-2 consists of siliceous nannofossil in the

depth interval 1220 to 1510 cm. 8andy foraminiferal layers can be observed at 280, 307, and 1445 cm. At

1080cm a 15 cm thick up to gravel-sized layer with terrigenous components such as quartz and feldspar

and calcareous shell fragments is apparently a turbidite.

Gore GeoB 4912-2 (Figure 4.6: Pposition: 03°43:9'8 09°47:0'E; water depth: 1312 m, length: 1140 cm)

Gore GeoB 4912-2 consists mainly of nannofossil ooze. From the top down to a depth of 610 cm

the sediment is clay bearing nannofossil ooze. Within the depth interval 610 to 670 cm core GeoB 4912-2
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consists of c1ayey nannofossilooze. Between 670 and 795 cm the sediment is made up of clay bearing

nannofossil ooze. From 795 cm down the bottom the core consists of nannofossil ooze. There is liHle

variation in bioturbation, being mostly moderate. Between 220 and 250 cm a worm burrow of a few

centimeters in diameter can be observed. There is liHle variation in colour from dark gray to very dark gray

Gore GeoS 5002-3 (Figure 4.7: Position: 08°08.6'S 14°32.5'W, water depth: 2849 m, length 545 cm)

The uppermost 76 cm of core GeoB consist of a very pale brawn nanno-foram ooze. From a depth

of 96 to 525 cm it consists of very pale brown to light gray foram-bearing nannofossil ooze. Below 525 cm

the sediment is made up of white nannofossil ooze. At a depth interval of 76 to 96 cm a sandy layer fining

upwards can be observed. At several positions in the core, ash layers, usually few millimeters thick, made

up by volcanic glass were found. There are additional sandy layers at different depths often associated

with basal ash layers. The entire core is moderately to strongly bioturbated.

Gore GeoS 5004-3 (No Figure: Position 09°10.0'S 13°20A'W, water depth: 2789, length: 67 cm)

Gore 8eoB 5004-3 consists entirely of very pale brown foraminiferal nannofossil ooze, with

foraminifer-bearing nannofossil ooze intercollated in the depth intervals 35 to 40 cm and 45 to 50 cm. The

entire core is moderately bioturbated.

Gore GeoS 5006-2 (Figure 4.8: Position: 09°45.6'S 12°22.1'W, water depth: 3244 m, length: 562 cm)

The entire core 8eoB 5006-2 consists of foram-bearing nanno ooze. At distinct layers the

sediment is enriched in volcanic glass, resulting in ash layers at depths of 30 and 185 cm. Minor glass

content was observed at 275 and 390 cm. Lamination can be be observed between 30 and 33 cm. Sandy

layers are found at 185, 275, and 390 cm. Bioturbation is strang in the upper two metres and moderate

from 2 metres down to the end of core 8eoB 5006-2. In general, the sediment colour is very pale brown.

Major changes in colour are associated with ash and sandy layers.
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GeoB 4906-3 Date: 02.03.98 Pos: 00°41.4°' S 08°22.6' E:
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Figure 4.3 Stratigraphy of core GeoB4906-3. For description see text
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GeoB 5002-3 Date: 27.03.98 Pos: 08°08.6'8 14°32.5' W
Water Depth: 2849 m Care Length: 545 cm
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GeoB 5006-2 Date: 04.04.98 Pos: 09°45,6' S 12°22, l' W
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4.3 CTD Profiling
(S. Draehenberg, O. Esper, M. Segl)

To obtain information about the hydrographie eonditions at the sites surveyed, a SEA BIRD SBE 19 eTD

profiler was used at 8 stations. Equipped with a solid-state data storage unit, this deviee ean be deployed

together with the multieorer, or any other suitable sampling deviee, without being eonnected to shipboard

instruments. It was attaehed to the eable 50 m above the multieorer. The SBE 19 is equipped with sensors

for pressure, eonduetivity, temperature, dissolved oxygen, and UV fluorescence. The raw data were read

out immediately after each deployment and standard plots of temperature, salinity, dissolved oxygen, and

fluoreseence, all plotted versus pressure, attaehed to the station protocol.
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Figure 4.9: CTD Profiles from the Guinea Basin and the Mid-Atlantic Ridge Region NW Ascencion Island
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The structure of the upper water column varied from the Guinea Basin to the Mid-Atlantic Ridge regions.

The depth extent of the surface mixed layer in the Guinea Basin is influenced by the intensity of upwelling,

which shallows the thermocline to about 40m. At the Mid Atlantic Ridge stations, the thickness of the

surface mixed layer is about 60m.

Below the surface mixed layer, we c1early see the oxygen maximum zone between 50 and 100m water

depth together with the chlorophyll maximum. This depth corresponds roughly with the base of the

thermocline. Only in the Guinea Basin do we see a double chlorophyll maximum. At depths of about 700 m

to 1700 m we find Antarctic Intermediate Water (AAIW), and below the North Atlantic Deep Water

(NADW), which is characterised by high salinity, although it has almost the same temperature as AAIW.

4.4 Phytoplankton investigations
(S. Drachenberg and M. 8egl)

4.4.1 Sampling for Chlorophyll-a measurements

For the determination of chlorophyll-a concentration in the surface waters, 0,51 of seawater was collected

usually three times a day from the ship's clean seawater pump system with the inlet at 3,5 meter water

depth. The water was filtered through glass fibre filters and frozen at minus 20°C. Chlorophyll-a

measurements by means of photometry will be carried out in the laboratories at the University of Bremen.

The chlorophyll-a data gives information on the seasonal and regional variation in and distribution of

primary productivity and thereby allows a calibration of satellite data for chlorophyll estimation. 8ampling

locations and times are Iisted below (Table 4.2).

Table 4.2 :8amples for Chlorophyll meassurements

8ample Date (UTC) Time (UTC) Long. Lat. Waterdepth 8alinity[ %0] Water-
No. [m] temprCJ
1 20.03.98 12:15 02°10.28'8 00041.81'E 4363 33.88 29.9
2 20.03.98 17:20 02°27.50'8 00015.30'W 4681 33.98 29.7
3 21.03.98 07:47 03°16.14'8 02°56.28'W 4912 34.65 28.8
4 21.03.98 11 :51 03°30.93'8 03°40.03'W 4818 34.57 29.1
5 21.03.98 18:05 03°22.46'8 04°48.45'W 4522 34.49 29.1
6 22.03.98 07:19 04°47.70'8 Or14.60'W 4197 34.61 28.6
7 22.03.98 13:12 05°10.98'8 08°19.50'W 3743 34.75 29.0
8 22.03.98 18:00 05°30.34'8 09°13.87'W 3530 35.40 28.8
9 23.03.98 08:22 06°16.90'8 11°21.90'W 3576 36.15 28.5
10 23.03.98 13:59 06°24.54'8 11°19.66'W 3362 36.11 28.4
11 24.03.98 08:53 06°58.14'8 12°14.80'W 3271 36.15 28.2
12 24.03.98 13:23 Or06.54'8 12°38.36'W 1697 ? 36.15 28.1
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Table 4.2 (cant.)
8ample Date (UTC) Time (UTC) Lang. Lat. Waterdepth 8alinity[ %0] Water-

No. im] temprCJ
13 24.03.98 20:17 Or05.57'8 12°56.66'W 4355 36.29 27.9
14 25.03.98 09:18 Or26.36'8 13°14.84'W 2446 36.13 27.8
15 25.03.98 20:28 Or30.10'8 13°24.83'W 3523 36.16 27.9
16 26.03.98 10:48 Or43.44'8 13°26.84'W 3945 36.16 27.7
17 27.03.98 17:10 Or45.78'8 14°26.21'W 2844 ? ?
18 28.03.98 09:06 07°46.47'8 13°25.63'W 3754 36.14 27.6
19 28.03.98 13:54 07°52.01'8 13°25.79'W 3454 36.17 27.8
20 29.03.98 09:35 08°03.28'8 13°25.03'W 3456 36.19 27.6
21 29.03.98 14:00 08°19.94'8 13°35.90'W 3585 36.22 27.6
22 30.03.98 09:15 08°19.90'8 13°35.90'W ? 36.38 27.4
23 31.03.98 09:11 08°33.48'8 13°33.15'W 2598 36.43 27.3
24 03.04.98 09:05 09°41.68'8 13°04.83'W 1569 36.55 27.0
25 04.04.98 10:38 09°43.85'8 12°07.70'W 1243 36.48 27.1
26 05.04.98 09:15 09°53.04'8 13°04.86'W 1998 ? ?
27 07.04.98 09:02 10°42.92'8 13°02.90'W 3481 36.52 27.1
28 09.04.98 10:35 12°55.96'8 15°41.53'W 3404 ? ?
29 10.04.98 09:50 13°57.02'8 19°01.21'W 4550 ? 26.3
30 11.04.98 10:48 15°22.67'8 23°42.82'W ? ? 26.6
31 11.04.98 21:26 15°59.54'8 25°44.72'W ? ? 27.2
32 12.04.98 10:12 16°43.74'8 28°11.27'W ? 37.40 27.4
33 12.04.98 20:19 1r18.41'8 30 0 06.58'W 4827 37.48 28.4
34 13.04.98 10:02 18°05.97'8 32°45.23'W 4440 37.51 28.3

4.4.2 Pumped net sampies

During the cruise, plankton was sampled from surface waters (Table 4.3). The shipboard clean seawater

pump system was used to filter between 2000 and 5000 litres through a net with a mesh size of 10 mm

(sampling locations and times are listed below). Mostly during day-light hours sam pies for analysis of bulk

organic material were coliected.The plankton was washed into plastic bottles and frozen at -20°C. The

plankton material will be investigated for the bulk composition of the biogenie detritus in order to quantify

the ratios opal, organic carbon and carbonate produced by the near-surface plankton communities. The

marine organic material will be further analysed. In particular, it is planned to determine the stable isotopes

and individual organic compounds wh ich can be related to specific phytoplankton organisms.

This type of data is needed to compare marine plankton production in the surface waters of different high

productivity systems with the fluxes of biogenie particles caught in sediment traps and found in surface

sediments beneath high productivity areas.

During the night, sampies for the analysis of the diatom assemblage were collected in the same way.

These sampies were poisoned with formaldehyde solution and stored at 4°C. 8ampling localities are given

in Table 4.4
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Table 4.3. Pumped net sampies for bulk analyses

8tart 8top
8ample Date Time Lat. Long. Lat. Long. Water

no. UTC UTC m3

1 20.03.98 07:13 2°02.28'8 1°09.10'W 2°29.12'8 0020.65'W 1.18
2 21.03.98 06:57 3°13.41'8 2°47.20'W 3°56.70'8 4°51.91'W 1.22
3 22.03.98 07:02 4°46.70'8 r11.70'W 5°31.40'8 9°16.16'W 2.6
4 24.03.98 09:35 6°58.20'8 12°14.70'W r05.50'8 12°55.70'W 4.76
5 25.03.98 09:15 r26.41'8 13°14.88'W r31.48'8 13°25.91'W 3.84
7 28.03.98 09:20 r46.39'8 13°25.72'W r57.96'8 13°23.93'W 5.48
8 29.03.98 09:30 8°03.27'8 13°25.06'W 8°07.92'8 13°26.87'W 5.29
9 30.03.98 09.12 8°19.81'8 13°35.82'W 8°19.55'8 13°13.27'W 5.60
10 31.03.98 09:06 8°34.05'8 13°33.48'W 8°45.10'8 13°29.50'W 4.93
11 01.04.98 08:54 9°00.80'8 13°27.40'W 9°10.09'8 13°25.09'W 5.04
12 02.04.98 12:19 9°12.19'8 13°16.56'W 9°29.30'8 13°13.59'W 3.50
13 03.04.98 09:01 9°41.60'8 13°04.80'W 9°43.90'8 12°50.30'W 5.02
14 04.04.98 ·10:09 9°43.76'8 12°07.80'W 9°53.21'8 13°04.80'W 10.09
15 05.04.98 09:40 9°53.19'8 13°04.80'W 10°04.20'8 13°11.00'W 5.69
16 06.04.98 09:04 10°17.52'8 13°10.10'W 10°29.20'8 13°09.18'W 6.64
17 07.04.98 09:15 10°44.55'8 13°01.99'W 10°58.97'8 13°02.30'W 4.85
18 08.04.98 11 :51 11°48.87'8 14°15.66'W 12°23.58'8 13°56.29'W 5.46
20 10.04.98 11 :35 14°02.79'8 19°20.43'W 14°29.81'8 20048.92'W 3.90
21 11.04.98 10:32 15°21.93'8 23°40.04'W 15°57.84'8 25°38.98'W 5.38
22 12.04.98 10:14 16°43.91'8 28°11.81'W 1r18.32'8 30006.28'W 5.02

Table 4.4: Pumped net sam pies for diatom investigations:

8tart 8top
8ample Date Time Lat. Long. Lat. Long. Water

no. UTC UTC m3

1 20.03.98 17:49 02°29.12'8 00020.65'W 03°13.33'8 02°46.99'W 2.34
2 21.03.98 18:25 03°56.70'8 04°51.90'W 04°46.70'8 Or11.50'W 2.27
3 22.03.98 18: 11 05°30.61'8 09°14.47'W 06°16.90'8 11°02.19'W 0.90
4 24.03.98 20:17 Or05.50'8 12°55.60'W Or25.57'8 13°14.34'W 3.71
5 25.03.98 20:54 Or39.93'8 12°27.78'W Or43.83'8 13°26.78'W 5.35
6 27.03.98 18:10 Or45.78'8 14°26.21'W Or46.45'8 13°25.64'W ?
7 28.03.98 20:55 Or57.90'8 13°23.90'W 08°02.99'8 13°25.18'W 4.49
8 29.03.98 20:47 08°07.91'8 13°26.88'W 08°19.40'8 13°35.63'W 5.92
9 30.03.98 21:00 08°19.56'8 13°13.26'W 08°34.04'8 13°33.48'W 4.36
10 31.03.98 19:25 08°45.10'8 13°29.50'W 09°00.78'8 13°27.40'W 6.46
11 01.04.98 21 :16 09°10.02'8 13°25.02'W 09°18.19'8 13°16.55'W 7.22
12 02.04.98 20:45 09°29.30'8 13°13.59'W 09°41.60'8 13°04.80'W 5.37
13 03.04.98 19:46 09°43.90'8 12°50.20'W 09°43.76'8 12°07.85'W 6.34
14 05.04.98 23:34 10°04.20'8 13°11.00'W 10°17.53'8 13°10.13'W 4.15
15 06.04.98 22:59 10°29.77'8 13°08.69'W 10°42.04'8 13°03.33'W 4.81
16 07.04.98 19:18 10°58.96'8 13°02.30'W 11°48.68'8 14°15.78'W 7.72
17 08.04.98 23:06 12°23.58'8 13°56.32'W 12°55.44'8 15°39.92'W 5.21
18 10.04.98 19:30 14°30.10'8 20049.97'W 15°21.91'8 23°39.97'W 7.48
19 11.04.98 20:55 15°57.84'8 25°38.98'W 16°43.19'8 28°09.46'W 6.01
20 12.04.98 20:15 1r18.39'8 30006.50'W 18°05.34'8 32°43.31'W 6.45
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4.5 Dinoflagellates and Coccolithophores

4.5.1 Dinoflagellate Investigations
(O.Esper, N. Zatloukal)

In the last decades it has become apparent that marine phytoplankton groups are useful proxies to

access palaeoceanographical and palaeontological questions. One of the major groups are the

dinoflagellates. They are unicellular biflagelleted microorganisms, wh ich may develop two different stages

during their Iife cycle: The motile vegetative thecas usually consists of cellulose, except the calcareous

walled vegetativecoccoid Thoracosphaera heimii. The resting cyst stage in most cases comprises organic

walled dinoflagellates, but calcareous tests are also known ("calcispheres").

During the cruise M41/2 phytoplankton sampies were taken from the water column at different

depths ranging from the surface water to 100 m. They were analysed for the content of living

dinoflagellates, especially calcareous tests, with regard to their lateral and vertical distribution in the

investigated water column. The interaction between the species associations and the related

environmental parameters like salinity, temperature and insolation is of special interest, because this may

allow a better palaeoceanographic interpretation of the fossil assemblages of dinoflagellates in the

underlying sedimentary record. For this reason also sediment sampies were taken from the multicorer.

The sediment sampies were taken at every station from one core (9,5 cm diameter) of the

multicorer. The cores were cut in slices of 1 cm and the sampies were stored at 4°C.

Subject to further examinations are the distribution patterns of the dinoflagellate cysts in the sediment in

relation to environmental characteristics of the overlying water column.

Between the stations surface water was sampled with the ship's membrane pump (3.5 m depth)

mostly three times per day for about 4 hours (morning, midday, afternoon, Table 4.5). The water was

filtered down using a 100 J.lm and a 10 J.lm gaze to 1 I. The remaining litre of seawater was filtered down

again through a 5J.lm polycarbonate filter to 100 ml. For culturing experiments the filtered water was

investigated for vegetative-thecate dinoflagellates, their calcareous cysts and the vegetative-coccoid Th.

heimii. Individual specimens were selected and rinsed in Polystyrene Cell Wells™ with different culture

media (f/2 35 %0, K 35 %0, filtered seawater and mixtures of culture media and seawater). In this way

unicellular cultures were established, using the local day/night cycle and temperatures between 20°C and

25°C. After isolating the living forms, the filtered residues were stored for transportation together with the

filters in 250 ml NALGENE polycarbonate flasks, fixed with 5,5 ml Formaldehyde (37 %) in darkness at 4

°C. The cultures will be used for germination experiments at Bremen University which will be carried out

under controlled laboratory conditions in order to obtain information about processes influencing the cyst

formation.

At almost every station water sampies were taken with the Rosette (Multi Water Sampier MWS,

Kat.Nr. 436918A) with 18 10L NISKIN bottles in combination with a Seacat SBE 19-02 CTD-Recorder to

locate the maximum of chlorophyll-a in the water column. Under normal circumstances 38 I of seawater

were sampled at each of the four standard depths 10m, 20 m, 50 m and 100 m where high concentrations

of phytoplankton are mainly expected. In the case of shifted chlorophyll-a maxima shown by the CTD data,
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sam pie depths were corrected (Table 4.6). The obtained seawater was sieved through a 100 IJ.m mesh

sieve (DI N 4188) and filtered down to 100 ml with a 5IJ.m pore size polycarbonate filter. After that the

sam pie was treated like those collected with the membrane pump.

All stored water sam pies and filters will be prepared for 8canning Electron Microscopy (8EM) in Bremen

for investigation of the composition and regional distribution of dinoflagellate communities in the 80uth

Atlantic.

Table 4.5: 8urface water sampies for dinoflagellate analyses. 8ampling with 10lJm membrane pump
filtration.

Sampie Date Start of filtration End of filtration Water Sal. Vol.
No. 1998 Temp of
M41/2 Time Latitude Time Latitude Longitude filt.

Longitude UTC N/S EIW water
UTC N/S EIW [CO] [psu] [I]

3/20/b 20.03 10: 11 2°3,14'8 1°5,43'E 15:10 2°20,70'8 007,15'E 29,6 33,89 476
3/20/c 20.03 15:44 2°22,11 '8 002,62'E 19:02 2°33,33'8 0034,45'W 29,8 34,07 437
3/21/a 21.03 07:27 3°15,02'8 2°52,33'W 11 :07 3°27,98'8 3°31,80'W 29,0 34,59 400
3/21/b 21.03 11 :57 3°31,19'8 3°40,71'W 15:58 3°47,09'8 4°24,95'W 29,5 34,58 463
3/21/c 21.03 16:07 3°47,60'8 4°26,45'W 20:07 4°3,35'8 5°10,49'W 29,2 34,46 454
3/22/a 22.03 07:25 4°48,15'8 JC15,54'W 11 :25 5°3,94'8 JC59,80'W 28,5 34,63 425
3/22/b 22.03 12:10 5°6,89'8 8°7,99'W 15:29 5°19,91'8 8°44,62'W 28,9 34,75 386
3/22/c 22.03 16:12 5°22,74'8 8°52,39'W 19:33 5°35,91'8 9°29,45'W 29,1 35,08 425
3/23/abc 23.03 09:48 6°17,49'8 11°21,79'W 10:34 6°23,90'8 11°20,43'W 28,5 36,15 136

6°24,75'8 11°19,63'W 15:06 6°32,34'8 11°18,60'W 28,4 36,11 109
6°33,02'8 11°18,19'W 19:48 6°37,21'8 11°17,69'W 28,4 36,11 51

3/24/a 24.03 09:35 6°58,15'8 12°14,72'W 13:20 JC7,21'8 12°38,01'W 28,2 36,16 494
3/26/c 26.03 15:51 JC44,38'8 13°27,24'W 19:37 JC47,62'8 13°59,56'W 27,8 36,14 381
3/30/c 30.03 15:50 8°22,84'8 13°35,78'W 18:51 8°19,11'8 13°13,24'W 27,5 36,38 313
4/6/c 06.04 18:22 10°23,21' 13°10,32'W 19:30 10°28,75'8 13°10,68'W 27,6 36,48 260
4/7/b 07.04 13:13 10°47,74' 13°2,26'W 14: 11 10°52,91'8 13°2,29'W 27,5 36,50 153

17:31 8 13°1,09'W 18:18 10°58,71'8 13°2,64'W 27,5 36,52 81
4/8/b 08.04 13:09 11°48,95' 14°15,53'W 17:04 12°15,04'8 13°50,40'W 27,3 36,58 389
4/8/c 08.04 17:17 12°16,49' 13°48,9TW 19:26 12°23,64'8 13°56,64'W 26,9 36,65 282
4/9/b 09.04 16:07 12°56,69' 15°43,99'W 20:11 13°10,56'8 16°29,39'W 27,1 36,60 423
4/10/a 10.04 10:21 13°58,71' 19°6,98'W 14:17 14°12,02'8 19°50,51 'W 26,9 36,93 446
4/10/b 10.04 14:40 14°13,33' 19°54,71'W 18:57 14°28,29'8 20043,7TW 27,2 36,76 478
4/11/a 11.04 08:33 15°15,00' 23°17,41'W 12:23 15°28,20'8 24°1,09'W 27,3 36,95 490

4/12/a 12.04 08:11 16°36,85' 2JC48,28'W 12:18 16°50,93'8 28°35,01'W 27,9 37,40 377

4/12/b 12.04 12:30 16°51,58' 28°37,28'W 17:01 1JC7,20'8 29°29,13'W 28,3 37,41 592

4/12/c 12.04 17:42 1JC09,45' 29°36,69'W 20:19 1JC18,45'8 30006,65'W 28,6 37,47 409
-
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Table 4.6: Water sampies for dinoflagellate analyses (filtration with 5IJm polycarbonate filters) and
coccolithophore analyses (filtration with 45IJm Cellulose Nitrate filters) from 10 L NISKIN bottles at about
10, 20, 50, 100, 150 and 200m water depth.

Sampie Time Water Filtered water Water Latitude Longitude
No. UTC depth Dinos temp. NJS EIW

M41J2 [m] Coccos [0C]
[I] [I]

5001-2 09:22- 10 38 2 29.7 02°02,15'S 01 °09, 16'E
09:36

(20.03.98) 20 38 2 28.8
50 38 2 24.1
100 38 2 18.3
150 2 18.6
200 2 17.8

5002-4 14:45- 10 38 2 28.1 08°08,81'S 14°32,04'W
15:05

(27.03.98) 20 38 2 28.0
50 38 2 26.4
90 38 2 21.5
150 2 17.5
200 2 15.0

5008-1 11 :09- 10 38 2 26.9 12°55,79'S 15°41,06'W
11 :29

(09.04.98) 20 38 2 26.8
50 38 2 26.6
100 32,5 2 22.3
150 2 19.0
200 2 16.8

4.5.2 Coccolithophore communities
(S. Gerhardt)

Coccolithophorids are a diverse group of marine phytoplankton belanging to the algal class

Prymnesiophyceae. They produce external plates of carbonate, called coccoliths. Coccoliths are a major

component in almost all ocean sediments. Their distribution in sediments is relatively weil known, but

information on their abundance, ecology and physiology in surface waters is rare. The water and sediment

sampies taken during this cruise will allow us a better understanding of the relationship between living

communities and the sediment assemblages. At 3 stations, water sampies of 2 I were taken from NISKIN

boUles of the rosette at 200 m, 150 m, 100 m, 50 m, 20 m and 10 m water depth (see Table 4.6). In

addition, 25 surface water sampies were taken from the vessel's membrane pump system at about 3.5 m

water depth along the whole cruise (see Table 4.7), except of same territories off Gabun, Kamerun and

Brazil. Sampies were taken about every second longitude plus every latitude, that means once or twice a

day depending on vessel speed and course. Ta compare the coccolith communities in the water column

with the assemblages found in surface sediments beneath, surface sediment sampies were taken at all

Multicorer stations and simultaneously a water sampie from the vessel's membrane pump system was
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taken. Generally, the water sam pies were filtered through cellulose nitrate filters (25 mm in diameter, 0.45

fJm pore size) by using a vacuum pump immediately. Without washing, rinsing or chemical conservation,

the filters were oven dried at 45°C for at least 24 hours and then kept permanently dry with silica gel in

transparent film to protect them from humidity. The sediment sam pies were not dried, but only stored. The

filtered material and the sediment sam pies will be used for studies on distribution and composition of the

coccolithophore communities with 8canning Electron Microscope (8EM). 8pecies composition and

abundances will be determined by identification and counting on measured filter transects.

Table 4.7: Phytoplankton surface water sampling (coccolithophores)

No. Date Time GeoB Water Sampie Geographie position Water Salinity Filter
No. depth depth Latitude Longitude tempo quantity

1998 [UTe] [m] [m] N/S EIW [0C] [psu] [I]

20,03 10:12 4680 3.5 02°03.11'8 01 °05.45'E 29.6 33.89

2 20.03 16:27 4750 " 02°24.48'8 00005.29'W 29.7 34.07 2

3 21.03 07:19 4730 " 03°14.50'8 02°50.82'W 28.7 34.70 2

4 21.03 15:19 4705 " 03°44.43'8 04°17,68'W 29.2 34.46 2

5 22.03 07:35 4184 " 04°48.72'8 Or17.25'W 28.6 34.63 2

6 22.03 18:08 3528 " 05°30.38'8 09°13,8TW 28.8 35.40 2

7 23.03 08:26 119TO 4917 " 06°16.95'8 11°21.98'W 28.4 36.15 2
8

8 24.03 15:29 124TO 2958 " Or03.92'8 12°39.45'W 28.1 36.15 2
8

9 25.03 10:30 128KO 4500 " Or26.73'8 13°23.61'W 27.8 36.15 2
8

10 26.03 20:35 2910 " Or47,91'8 14°07,40'W 27.8 36.22 2

11 27.03 9:27 5002 2852 " 08°08,59'8 14°32,50'W 27.6 36.36 2

12 01.04 11 :33 162TO 2404 " 09°04,43'8 13°27,03'W 27.1 36.45 2
8

13 01.04 22:30 5004 2789 " 09°09,98'8 13°20,48'W 36.45 2

14 04.04 13:42 307 " 09°46,31'8 12°06,64'W 36.50 2

15 04.04 17:33 5006 3243 " 09°45,55'8 12°22,12'W 27.6 36.48 2

16 06.04 10:20 3102 " 10°19,04'8 13°09,21 'w 27.3 36.47 2

17 08.04 19:39 5007 3668 " 12°23,63'8 13°56,34'W 26.8 36.68 2

18 09.04 14:03 5008 3406 " 12°55,82'8 15°41,12'W 27.1 36.61 2

19 10.04 10:46 4500 " 14°00,01'8 19°11,22'W 26.4 36.90 2
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No. Date Time GeoB Water Sampie Geographie position Water Salinity Filter
No. depth depth Latitude Longitude tempo quantity

1998 [UTC] [m] [m] NfS EIW [0C] [psu] [I]

20 10.04 21 :15 " 14°35,22'8 21°07,86'W 27.2 36.78 2

21 11.04 08:33 5045 " 15°14,87'8 23°17,16'W 27.3 36.95 2

22 11.04 18:26 5058 " 15°49,08'8 25°10,16'W 27.8 37.31 2

23 12.04 02:23 " 16°16,44'8 26°40,66'W 27.7 37.36 2

24 12.04 12:09 4983 " 16°50,40'8 28°33,34'W 28.2 37.41 2

25 12.04 23:07 4842 " 1r27,91'8 300 38,25'W 28.8 37.55 2

4.6 Organie geochemistry
(8. Gerhardt)

Global glacial/interglacial climatic cycles trigger variations in atmospheric and oceanic circulation in

the equatorial 80uth Atlantic. As a result, an orbital-forced cyclic character is displaced in the equatorial

Atlantic dust and productivity records. 8ince these changes are directly induced by seasonal and orbital

fluctuations of passat wind strength and variations in the position of the Innertropical Convergence Zone

(ITCZ), which in turn determines the location of dust injection into the high atmospheric African Easternly

Jet system (AEJ), the precession signal is the most significant element in the equatorial dust and

productivity records into the high atmospheric African Easternly Jet system (AEJ). Presumably, C4 organic

material input as apart of the dust injection leads to a significant bias of the d13Corg signal in marine

sediments.

On every sediment station sampies were taken from Multicorer cores. The cores were cut in slices

of 1 cm and were immediately stored at -20°C in the deep-freeze room. At Bremen University further

investigations, e.g. organic microscopy, will be carried out.

4.7 Partiele size analyses
(8. Gerhardt)

One method to study benthic flow patterns is the examination of marine sediment grain size

distributions. These distributions reflect regional circulation patterns and seafloor morphology. Large parts

of the deep ocean basins and the nearby continental margins are characterized by geostrophic currents

moving with speeds between 5-20 cm/s (McCave et al., 1980) and sometimes with velocity peaks up to 50
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cm/s. These regional variable flow velocities produce typical sediment associations and special particie

distribution patterns which can be divided into three major groups:

erosive sediments as a result of high velocity currents, washing out the fine fraction.

weil sorted grain sizes refering to uniform steady flows (e.g. contourites), transporting a defined range

of sediment particie sizes.

accumulative sediments, produced by low velocity currents, which are responsible for sedimentation of

finer grain sizes.

Therefore the silt fraction is sensitive to speed variations of marine currents (Ledbetter, 1984, 1986).

During cruise M 41-2 at all sediment stations Multicorer (MUC) sampies were collected (see table X). The

undisturbed sediment cores were cut into 1 cm pieces and deep frozen at -20°C. At University of Bremen

these sampies will be wet-sieved (split into sand-, silt- and clay-sized particies), dried and decarbonated

with HCL. Afterwards, the settling velocity of each non-biogenic sampie will be measured with a silt

settling-tube and a Sedigraph (particie-size-analyser), in order to evaluate the grain size distribution and

the mean particle sizes. These sediment parameters, in combination with the hydrosphere values (salinity,

pressure, temperature etc.) will provide a better understanding of regional circulation patterns and local

marine current systems.

4.8 Underways Geophysics
(N. MitcheII, M. Segl and scientific shipboard party)

Except during dredging stations and short transits the shipboard acoustical systems PARASOUND and

HYDROSWEEP were used on a 24 hour schedule

4.8.1 Parasound

The PARASOUND system surveys the uppermost sedimentary layers of the seafloor. Due to high signal

frequency of 4 kHz, the short signal length of two sinoid pulses, and the narrow beam angle of 4S, a very

high vertical resolution is achieved. Sedimentary layers along the ship track on a scale of less than one

meter can be resolved. The PARASOUND data provided information about the physical state of the sea

bottom as weil as about sediment structures up to a depth of 50 m below sea floor. The penetration of the

PARASOUND signals depends on the density of the uppermost sediment layers and the impedance

contrasts between these layers and at the sea floer. Thus, the penetration was used as a first hint for the

quality of a potential coring location. The digitization and storage of the echosounding seismograms were

conducted by usage of the software package ParaDigMa. This system converts the analog to digital data

and stores them on 9-track tapes in a SEG-Y like format, making data available for further post

processing. The pre-processed data are plotted online with a HP colour printer. Due to interface problems
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with the ship's navigation system, it was not possible to simultaneously store navigation data with the

seismograms. Thus, navigation data had to be protocolled manually and were stored on separate tapes.

Parasound and navigation data have to be put tagether later. Beside the usage of the PARASOUND as a

tool for localization of promising core sites, it is possible to image and describe the dominating

sedimentation processes an to interpret the structural context of the langer sediment cores.
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Appendix 1: Dredge Stations
(Haase, Möller, Plüger)

The following table gives the loeations and contents of the dredge hauls. Coordinates for the stations are

given as position of the ship at eontaet of the dredge with the seafloor and when seafloor eontaet was lost.

Oepths given are those measured by Parasound at these positions. The deseriptions begin with the

approximate size of the sampie in em. The following abbreviations are used:

TOS - Barrel dredge (Tonnendredge)

KOS - Chain-bag dredge (Kettensaekdredge)

PI - Plagioclase

Pheno - Phenoeryst

Vesies - Vesieles

Station Latitude/Longitude Oepth Sampie descriptions and sampies taken (M =microprobe silde, GC =
Area Geochemistry, GI =Glass)

119TOS 6°16,35'S/11°22,53'W 3241m -1: 15x15x10, pillow, some pi phenos, some vesics <1 mm, 3mm glass (M, GC,

North of to to GI)

Aseension 6°16,91'S/11°21,96'W 3382m
-2: 15x1 Ox1 0, pillow, flow structure, some pi phenos, vesics to 2mm, 2mm glass

(M, GC, GI)
FZ -3: 30x20x17, pillow, some pi phenos (2mm), thin old glass rim (1mm), some

vesics (ca. 1mm) (M, GC, GI)
-4: 15x10x5, sheet flow, rare pi « 5mm), very fresh (M, GI)
-5: Pillow bud, PI to 5mm, 1-2mm glass, Mn coating on broken surface (M, GI)

120TOS 6°23,96'S/11°20,30'W 3523m -1: 20x1 Ox1 0, pillow, rare pi (0,5-2mm) non-vesic, 2 glass rinds 3-4mm thick

North of to to -2: 10x6x6, pillow bud, some pi «2mm), 1-2mm glass, non-vesic

Aseension 6°24,52'S/11°19,84'W 3626m
-3: 14x8x6, pillow, rare pi to 2mm, non-vesic, 2mm glass, fresh

FZ
-4: 4x4x2,5, glass buds (2 pieces) some 01 3mm, rare pi

121TOS 6°32,51'S/11°18,58'W 3749m -1: 5x5x3. pillow bud, many micro-vesics, rare large plag (to 3mm) on rim. 1mm

North of to to glass

Aseension 6°32,95'S/11°18,30'W 3702m
-2: 7x4,5x3, glass crust, 2mm plag

FZ
122KOS 6°39,83'S/11°17,59'W 4080m -1: 20x20x3, sheet flow, 6mm glass, rare pi (M, GI)

Inside to to -2: 15x1 Ox5, pillow, 01 3-4mm, pi 5-6mm, few vesics, 2-3mm glass (M, GC, GI)

corner N of 6°39,52'S/11°17,42'W 4108m
-3: 30x20x10, pillow, ca. aphyric, rare 0I1-2mm, 3mm glass (M, GC, GI)
-4: 40x30x20, pillow, like -3 but more alte red (M, GC, GI)

Aseension -5: ?x?x?, pillow, like -3 and -4 nut more and larger vesics, some pi (2-3mm)
FZ near glass rim (M, GC, GI)

-6: ?x?x?, like -3, -4, -5 but with double glass rim (M, GC, GI)
-7: 5cm diameter, lava tube, abundant pi 1-5mm, glass, Mn caoting on broken

surface (M, GI)

123KOS 6°57,66'S/12°14,96'W 3512m -1: 30x25x15, breccia with serpentinite and basalt fragments, % to Mainz, % to

Between to to Kiel

Ase. FZ 6°58,11'S/12°14,75'W 3300m
faults
124KOS r03,88'S/12°39,32'W 2959m -1: 30x18x14, gabbro pegmatite, 5mm Mn coating, heterogeneous, cataclastic

On high to to structure, pi in green matrix (all to Mainz)

between r03,71'S/12°39,54'W 3226m
-2: 1Ox1 Ox1 0, gabbro pegmatite, 3mm Mn coating, heterogeneous, looks IIke

coarse region of -1 (all to Mainz)
Ase. FZ -3: 17x8x5, 5mm Mn coating, like -2 (all to Mainz)
faults
125KOS r05,01'S/12°55,3TW 4874m -1: 25x15x15, peridotite, 30% total pyroxene, ca.4% cpx, all 01 as serpentinite,

Inside to to opx up to 2cm, deformed. 5mm Mn cao!.

corner S of r06,15'S/12°55,23'W 3524m
-2: 25x15x1 0, as -1 + 1cm gabbro vein cross-cutting foliation
-3: 15x12x10, as -1 but with stronger def. of opx

northern -4: 7x7x5, thin gabbro veinlet, otherwise like -1
Ase FZ -5: 6x3x3, dunite? Spinel visible, low px content (ca. 10%), 100% serpentinised

fault -6: 8x5x3, as -1
-7: 7x4x3, as -1, more strongly alte red
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-8: 6x2x4, as -7
-9: 12x1 Ox7, 40% px, mueh epx, Iherzolite? Some epx interstitial
-10: 8x6x4, as -4 with small gabbro veinlet
-11: 8x5x4, fullv seroentisied, 20% ox, orain size to 5mm

126KDS r08,28'S/13°03,01 'W 4514m -1: 1Ox1 Ox8, pillow, pi 2-3mm, banded vesies, 7mm glass (M, GC, GI)

Axis(?) to to -2: 1Ox1 Ox8, pillow, as -1 (M, GC, GI)

between 7°07,90'S/13°03,16'W 4491m
-3: 10x6x6, pillow, 2-3mm glass, pi phenos xenomorph(M, GC, GI)

the faults
127KDS r10,86'S/13°03,46'W 4274m Empty

Axis(?) to to
between r11,26'S/13°03,29'W 4300m
the faults
128KDS r26,69'S/13°23,52'W 4738m -1: 4x3x1.5, melagabbro or diabase, sub-mm xtals, rel. Fresh

Inside to to -2: 3x1x1, gabbro, grain size up to 5mm, equilgranular, no def.

corner S of r26,63'S/13°23,55'W 4737m
-3: 4x2x2, fresh, eoarse (up to 15mm grains) gabbro, 70%pl, 30%epx

Ase. FZ
-4: 7x5x2, melagabbro, xtals <4mm, epx-rieh?

129KDS r27,1 TS/13°22,96'W 3476m Empty

Inside to to
corner S of r27,35 'S/13°22,59'W 3005m
Ase. FZ
130KDS r35,01 'S/13°28,22'W 3868m -1: 15x10x4, sheet flow, 25mm glass, aphyrie, few vesies

Segment to to -2: 20x14x8, sheet flow, 2mm glass

ASC1, r35, 13 'S/13°28, 11 'W 3887m
-3: 10x8x4, sheet flow, 15mm glass, similar to -1

north
-4: 4x4x4, glass piece

131KDS r37,68'S/13°27,35'W 3852m -1: 5x3x3, pillow, altered, no glass, aphyrie

Segment to to
ASC1 r37,90'S/13°27,15'W 3816m
132KDS r39,95'S/13°27,36'W 3925m -1: 30x20x10, sheet flow, vesies 1-3mm, 5mm glass, pi 10mm (M, GC, GI)

Segment to to -2: 30x20x20, pillow, 5% vesies «2mm), 1Omm glass, 10mm pi, fresh (M, GC,

ASC1 r40,4TS/13°27,05'W 3991m
GI)

-3: 15x10x19, pillow, 2-4mm pi, vesies 2-8mm ca. 5% (M)
-4: ?x?x?, pillow, altered, some sed. eoating, 1-2mm glass (altered)
-5: ?x?x?, pillow, 2-4mm glass, pi, 10% vesies (1-4mm) (M, GC, GI)
-6: 30x30x20, pillow, some pi to 2mm, 4mm olass, fresh (M, GC, GI)

133KDSa r43,51 'S/13°26,79'W 3980m Empty

Segment to to
ASC1 r44,18'S/13°26,85'W 3809m
133KDSb r43,08'S/13°26,64'W 4097m -1: 15x15x8, sheet flow, mn dusting, 1-6mm pi, <0,5mm epx? (M, GC)

Segment to to -2: 20x15x15, pillow, old, mn eaoting, pi to 2mm (M, GC)

ASC1 r43,56'S/13°25,45'W 3764m
-3: 20x1 Ox1 0, pillow, 1mm glass, rare rounded pi megaxst (M, GC, GI)
-4: 20x15x15, pillow, 2mm glass, non-vesie, Mn eoating, rare 10mm rounded pi

megaxst ((M, GC, GI)
-5: 15x15x12, pillow, 3mm glass, 1-10mm pi (M, GC, GI)
-6: 5x5x5, pillow, 1mm glass, Mn eoating, PI (3mm) in glass (M, GC)
-7: 15x10x12, pillow, 2mm glass, pi to 3mm (M, GC)
-8: 20x20x13, pillow, 3mm glass, pi 1mm rounded, flow banding at rim (M, GC,

GI)
-9: 30x30x25, pillow, 4mm glass, rare rounded pi (1-4mm). Vesies up to em with

FeOH eoatings (M, GC, GI)
-1 0:1 Ox8x4, pillow, Mn dusting, 3mm glass (M, GI)
-11: as 7, more vesieular IM, GC, GI)

136KDSa r46,29'S/13°26,1 TW 3727m Empty

Segment to to
ASC1 r46,52'S/13°26,11 'w 3719m
136KDSb r46,35'S/13°25,89'W 3786m -1: 10x5x5, Sheet flow, 15mm glass, 15mm pi megaxst (M, GI)

Segment to to -2: 100x100x100, pillow, 7mm glass, pi megaxst >5mm (M, GC, GI)

ASC1 r46,45'S/13°25,5TW 3734m
-3: 100x1 00x1 00, pillow, 5mm glass, 3mm pi, some vesies (M, GC, GI)

137KDS r49,21 'S/13°25,63'W 3405m -1: 28x12x17, hydroth. altered pillow, dark green (M, GC, GI)

Segment to to -2: 23x14x8, pillow, 10mm glass, 10-15mm pi megaxst some rounded (M, GC,

ASC1 r49,12'S/13°25,36'W 3420m
GI)

-3: 50x33x35, pillow, 5mm glass, pi megaxst to 12mm, vesies with FeOH (M, GC,
GI)

-4: 18x12x?, pillow, 2mm olass, pi meoaxst to 21 mm eone. at rim (M, GC, GI)
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138KDS J052,03'S/13°25,83'W 3451m -1: 32x22x24, tube lava, 2mm glas, hydroth. Mn coating, 1-3mm vesics at rim (M,

Segment to to GC, GI)

ASC1 J052,31'S/13°25,26'W 3264m
-2: ?x?x?, pillow, 5mm glass, vesic (at rim up to 20mm) (M, GC, GI)
-3: 20x16x11, pillow, 3mm glass, mn coating, some pi megaxst to 10mm (M, GC,

GI)

139KDS J055, 13 'S/13°24,63 'W 3631m -1: 15x18x16, pillow, 4mm glass, Mn caoting, rounded pi to 10mm (M, GC, GI)

Segment to to -2: 18x15x11, tube, 6mm glass, rounded PI to 10mm esp. at rim (M, GC, GI)

ASC 1 J055,95'S/13°24, 11 'W 3680m
-3: 14x10x4,5, sheet flow, 8mm and 4mm glass rim, abundant rounded pi to 7mm

(M, GC, GI)

140KDS J057,90'S/13°23,93'W 3670m -1: 12x6x4, sheet flow, 3mm glass, few vesics, pi to 20mm, 01 to 2mm (M, GI)

Segment to to -2: 15x12x3, as -1 with different surface structures (M, GI)

ASC1 J057,94'S/13°23,66'W 3482m
141KDS J059,14'S/13°25,83'W 3364m -1: 30x20x8, pillow, 5mm glass, pi phenos 3-5mm + rounded megaxsts to 10mm,

Segment to to vesics 1-2mm in centre (M, GC, GI)

ASC2 J059, 15 'S/13°25,60'W 3346m -2: ?x?x?, pillow, rare pi to 5mm, some vesics to 1mm, glass max 5mm (M,
GC, GI)

-3: 20x20x7, pillow, Iike 1 but fewer vesics (M, GC, GI)
142KDSa 8°01,21'S/13°25,36'W 3348m Empty

Segment to to
ASC2 8°01,23'S/13°25,28'W 3322m
142KDSb 8°01,12 'S/13°25,80'W 3576m -1: ?x?x?, Sheet flow, altered, no glass, some vesics (M)

Segment to to -2: 18x18x4, sheet flow, 2-10mm glass, Mn dusting, large vesics (M, GI)

ASC2 8°01,31 'S/13°25,11 'W 3377m
-3:?x?x?, pillow, 2mm glass, some small vesics., mn dusting (M, GC, GI)
-4: 18x20x8, sheet flow, 2-7mm glass, 1mm vesics, some animal traces (M, GC,

GI)
-5: ?x?x?, pillow, vesics to 7mm (M, GC)
-6: 1Ox15x7, pillow, no glass, minute vesics (M,GC)
-7: 30x20x10, sheet flow, to 5mm glass, ca. 10% vesics 1-2mm, pi phenos (M,

GC,GI)
-8: 30x1 Ox1 0, lava tablet, homog., vesics 3mm, no glass (M, GC)
-9: 20x10x15, pillow, vesics 1-2mm, pi phenos (M, GC)
-10: 30x20x20, oillow, alass to 10mm, Mn dustina (M, GC, GI)

143KDS 8°03,29'S/13°25,03'W 3457m -1: 40x20x20, pillow, 1Omm glass, idiomorph pi to 15mm, 01 idio. to 2mm, 5%

Segment to to vesics 2mm (M, GC, GI)

ASC2 8°03,33'S/13°24,54'W 3468m
-2: 30x20x20, pillow, 10-20mm pi, 5mm glass, few vesics 1mm (M, GC, GI)

144KDS 8°05,31'S/13°27,11'W 3522m -1: 14x12x7, sheet flow, 6-30mm glass

Segment to to
ASC3 8°05,54'S/13°26,61 'W 3653m
145KDSa 8°07,85'S/13°26,92'W 3232m Empty

Segment to to
ASC3 8°07,81'S/13°26,85'W 3283m
145KDSb 8°07,49'S/13°27,61 'W 3470m -1: 30x30x30, pillow, altered, 1mm glass, few pi to 1mm, few vesics (M, GC, GI).

Segment to to -2: 15x20x10, pillow, 1-2mm pi, 2-3mm glass, one pi megaxst 13mm, few vesics

ASC3 8°07,93'S/13°26,81'W 3251m
1mm (M, GC, GI)

-3:10x10x6, pillow, as -2 but with more glass (5mm) and less Mn (M, GC, GI)
-4: 25x10x15, pillow, as 2 olus some PI to 5mm (M, GC, GI)

146KDS 8°10,00'S/13°26,73'W 3401m -1: 25x25x25, pillow, glass, rare pi to 5mm (M, GC, GI)

Segment to to -2: 25x14x7, sheet flow, 10mm glass, pi to 10mm (M, GC, GI)

ASC3 8°10,01 'S/13°26,70'W 3292m
-3: 30x20x14, pillow, 2mm glass, altered, aphyric (M, GC, GI)

147KDSa 8°19,12' S/13°35,88'W 2871m Empty

Segment to to
ASC3 8°19,09'S/13°35,62'W 2877m
147KDSb 8°19,15'S/13°36,02'W 2949m Empty

Segment to to
ASC3 8°19,39'S/13°35,65'W 2829m
147KDSc 8°18,81 'S/13°36,39'W 3055m -1: 20x20x10, pillow, 3mm altered glass, some pi 2mm, FeOx coatings (M, Ge,

Segment to to GI)

ASC3 8°19,51 'S/13°35,51'W 2825m
-2: 1Ox1 Ox4, sheet flow, glass to 10mm, pi to 5mm (M, GC, GI)
-3: 10x7x7, tube, 2-3mm glass, pi megaxst to 10mm (M, GC, GI)
-4: 15x10x10, pillow, 3mm altered alass, rare pi to 3mm (M, GI)



46

148KDS 8°20,6TS/13°36,00'W 2959m -1: 16x8x8, pillow, up to 6mm glass, abundant pi <3mm, vesics to 1mm (M, GC,

Segment to to GI)

ASC4 8°20,80'S/13°35,25'W 2778m
-2: 18x17x17, pillow, 2mm glass, 01 to 1mm (M, GC, GI)
-3: 20x18x15, pillow, 1mm glass, altered, Mn coating (M, GC)
-4: 22x25x18, pillow, 1mm glass, thcik Mn coating
-5: 24x29x24, pillow, thick Mn (GI)
-6: 45x40x40, pillow, 1-2mm glass, abundant pi to 1mm some to 5mm, vesics to

2mm

149KDS 8°22,45'S/13°36,9TW 3063m -1: 15x13x14, tube, 8-1 Omm glass, 1mm vesics, many PI to 3mm

Segment to to -2: 12x15x13, pillow, 1-2mm vesics, 6mm glass, PI to 4mm, Mn coating

ASC4 8°22,64'S/13°35,90'W 2902m
-3: 12x13x11, pillow, 3mm glass, PI to 6mm, Mn coating
-4: 16x16x17, pillow, 3mm glass, PI to 5mm, vesics 2mm, Ol?
+ 1x Extra piece

150KDS 8°19,08'S/13°13,35'W 2786m some sediment

Segment to to
ASC4 8°19,60'S/13°13,23 'W 2766m
151KDS 8°27,OTS/13°35,39'W 2811m -1: 15x13x1 0, tube, rounded PI 2-3mm, vesics 1-2mm (M, GC)

Segment to to -2: 15x10x8, pillow, some Mn coating (M, GC, GI)

ASC4 8°27,40'S/13°34,76'W 2733m
-3: 18x14x10, pillow, as -1 and -2 with PI3-4mm, glass to 10mm (M, GC, GI)

152KDS 8°30,49'S/13°33,84'W 2693m -1: 1Ox1 Ox1 0, tube, 5mm glass, rare PI to 2mm (M, GC)

Segment to to -2: ?x?x?, pillow, altered 2mm glass, no vesics, altered (M, GC)

ASC4 8°30,72'S/13°33,59'W 2515m
153KDSa 8°34,06 'S/13°33,28 'W 2552m Safety cable broken by 10 tons

Segment to to
ASC4 8°33,98 'S/13°33,42 'W 2642m
153KDSb 8°33,29'S/13°33,02'W 2505m -1: 1Ox1 Ox4, sheet flow, glass to 10mm, abundant PI to 5mm, some cpx? (M, GI)

Segment to to -2: 8x8x8, tube, glass 3mm, PI to 10mm, rare vesics to 2mm (M, GI)

ASC4 8°33,53'S/13°32,74'W 2476m
-3: 1Ox1 Ox1 0, pillow, abundant PI to 5mm, vesics to 4mm, 3mm glass, some

cpx? (M, GC, GI)
+ 3x extra oieces

154KDS 8°36,4TS/13°32,08'W 2523m -1: 10x7x6, pillow, 8mm glass, rare pi to 3mm, many vesics 1-2mm (M, GC, GI)

Segment to to -2: 8x7x2, sheet flow, PI< 2mm, many vesics 1mm

ASC4 8°36,71 'S/13°31 ,96'W 2447m
155KDS 8°41,60'S/13°32,59'W 2380m -1: 12x8x7, sheet flow, PI to 15mm, glass 5mm, no vesics (M, GC, GI)

Segment to to
ASC4 8°41,78'S/13°31,7TW 2374m
156KDS 8°44,96'S/13°30,18'W 2257m -1: 25x22x12, pillow, 1mm glass, pi to 6mm, Mn coating (M, GC, GI)

Segment to to -2: 17x13x17, pillow, 5-10mm glass, 2mm vesics abundant, some pi to 4mm (M,

ASC4 8°45,01 'S/13°29,80'W 2255m
GC, GI)

-3: 11x11x7, pillow, 6mm glass, 1-2mm vesics, pi to 8mm, some 011mm (M, GC,
GI)

-4: 9x9x7, tube, 3mm olass, some vesics 2mm (M, GC, GI)
157TDS 8°48,46'S/13°29,77W 2212m -1: 15x5x5, sheet flow, few vesics, 15mm glass, aphyric (M, GI)

Segment to to -2: 10x5x5, sheet flow, Iike -1 but glass somewhat altered (M, GI)

ASC4 8°48,78'S/13°29,41 'W 2079m
-3: 12x7x7, sheet flow, like -1 but vesicular (1-2mm)
+ 3 extra oieces

158TDS 8°5,2TS/13°29,72'W to 2139m -1: 25x20x10, sheet flow, fresh, 10mm glass, aphyric, vesics to 2mm (M, GC, GI)

Segment 8°51,59'S/13°29,00'W to -2: 20x20x20, pillow, less fresh than -1, glass <2mm, aphyric, few vesics (M, GC,

ASC4 2086m
GI)

+ 2 extra oieces

159TDS 8°54,56'S/13°28,OTW 1899m -1: 1Ox15x1 0, pillow, no glass, pi 2-3mm, few vesics 2mm (M, GC)

Segment to to -2: 1Ox1 Ox1 0, pillow, 3-5mm glass, aphyric, rare vesics (M, GC, GI)

ASC4 8°54,7TS/13°27,46'W 1951m
160TDS 8°58,05'S/13°27,62'W 2166m -1: 20x15x1 0, sheet flow, 2-5mm glass, fresh, nonvesic (M, GC, GI)

Segment to to -2: 30x20x25, sheet flow, 2-5mm glass, <5%vesics 1-2mm (M, GC, GI)

ASC4 8°58,45'S/13°27,08'W 2080m
-3: 40x35x30, pillow, pi to 8mm, few vesics to 1mm, 3-5mm glass, some cpx (M,

GC, GI)
+ 3 extra oieces

161TDS 9°00,75'S/13°27,40'W 2232m -1: 15x1 Ox1 0, pillow, glass to 10mm, <10% vesics 2mm, rare pi 3mm (M, GC, GI)

Segment to to -2: 15x10x10, pillow, glass to 5mm, <10% vesics to 2mm (M, GC, GI)

ASC4 9°01,04'S/13°26,98'W 2258m
-3: 20x15x1 0, pillow, 5 mm glass, >10% vesics (2mm), cpx 1mm, pi 2-4mm,

carbonate mud impregnated (M, GC, GI)
-4: 10x10x10, oillow, no olass, rare ol2mm, few vesics 2mm (M, GC)

162TDS 9°04,80'/13°26,71'W to 2460m -1: 22x15x14, pillow, glass to 12mm, few pi to 5mm, abundant vesics 1-3mm (M,
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Segment 9°04,99'S/13°26,24'W to GC, GI)

ASC4 2369m -2: 15x17x10, pillow, 3mm glass, some vesics 1-2mm, pi to 10mm, some 011-
2mm (M, GC, GI)

163TDS 9°11,76' S/13°26,53'W 2398m -1: 14x7x1, sheet flow, glass, 3mm pi (M, GC, GI)

Segment to to
ASC4 9°13, 16'S13°26,19'W 2547m
164TDS 9°14,65'S/13°25,27'W 2622m -1: 18x13x15, pillow, 4mm glass, some pi to 5mm, fewvesics (1-2mm) (M, GC,

Segment to to GI)

ASC4 9°15,06'S/13°24,61 'W 2616m
-2: 14x10x6, pillow, 3mm glass, some 6mm pi, abundant vesics (1.-2mm), FeOx

(M, GC, GI)

166TDS 9°13,80'S/13°18,96'W 2299m -1: 1Ox15x1 0, pillow, pi 2-5mm, 1-3mm glass, some sed. in cracks (M, GC, GI)

Segment to to -2: 15x15x1 0, sheet flow, 5mm glass, few vesics 4mm, rare pi 3mm (M, GC, GI)

ASC5 9°14,49'S/13°18,25 'W 2352m
-3: 10x10x6, pillow, alte red glass 5mm, some pl2-3mm
-4: 5x5x2, just glass, some vesics 2mm (GI)
-5: 10x5x5, pillow, >10% pI3-5mm, >10% vesics 3-5mm, 3-5mm glass, some

cox? (M, GC, GI)

167TDS 9°15,87'S/13°18,02'W 2107m -1: ?x?x?, pillow, glass to 7mm, >10% pl3mm, <10% vesics 2mm, rare cpx (M,

Segment to to GC, GI)

ASC5 9°16,30 'S/13°17,86'W 2075m
168TDS 9°17, 79'S/13° 16,92'W 2028m -1: 20x20x18, pillow, to 3mm vesic glass, abundant pi 2-1 Omm, some 01 2mm (M,

Segment to to GC, GI)

ASC5, 9°18,21 'S/13°16,58'W 2039m
small cone
in axis
169TDS 9°20,51 'S/13°15, 12 'W 1958m -1: 9x7x6, pillow, glass to 14mm, abundant pi 6mm (M, GC, GI)

Segment to to -2: 11x9x6, pillow, 1-12mm glass, pl4mm, few vesics 2mm (M, GC, GI)

ASC5 9°20,70' S/13° 14,85'W 1920m
+ 1 extra piece like -1

170TDS 9°26,01 'S/13°14, 13 'W 1805m -1: 15x12x9, 3mm glass, zoned vesics, Mn coating (M, GC, GI)

Segment to to -2: 23x17x18, pillow, 4mm glass, 2-6mm vesics (M, GC, GI)

ASC5 9°26,44'S/13°13,69'W 1789m
+ 1 extra piece Iike -1

171TDS 9°28,96'S/13°13,99'W 1652m -1: 20x15x7, sheet flow, Mn coat, 8mm vesics, many pi to 10mm, some 01, 10mm

Segment to to glass (M, GC, GI)

ASC5 9°29,30'S/13°13,58'W 1620m
-2: 15x15x5, sheet flow, as -1
+ 1 extra piece

172TDS 9°33,59'S/13°12,62'W 1488m -1: 30x20x10, sheet flow, 8mm glass, aphyric, Mn coating (M, GC, GI)

Segment to to -2: 20x1 Ox1 0, sheet flow, as -1 with white alteration patches (M, GC, GI)

ASC5 9°33,54'S/13°12,33'W 1497m
-3: 10x8x6, sheet flow, fresh, aphyric (M,GI)
+ 8 extra pieces

173TDSa 9°38, 19'5/13° 11 ,52'W 1476m Empty

Segment to to
ASC5 9°38,45 'S/13°11, 14'W 1514m
173TDSb 9°38, 19'5/13°11 ,49'W 1477m -1: 30x15x15, pillow, aphyric, abundant vesics 1-3mm, 2-4mm glass (M, GC, GI)

Segment to to -2: 10x5x3, pillow, as -1 with less glass (M, GC, GI)

ASC5 9°38,37'S/13°11,14'W 1512m
174TDS 9°42,24'S/13°09,44'W 1539m -1: 15x30x8, sheet flow, aphyric, 30% long vesics to 30mm, 5mm glass (M, GC,

Segment to to GI)

ASC5 9°42,64'S/13°08,91 'W 1521m
-2: 30x30x15, sheet flow, aphyric, vesics as -1, 1Omm glass (M, GC, GI)
-3: 1Ox1 OX15, sheet flow, aphyric, 40% stretched vesics up to 10mm, 10mm

qlass (M, GC, GI)

175TDS 9°41 ,46'S/13°05, 1O'W 1726m -1: 8x8x8, tube, 5mm glass, 10% vesics 1mm, pi to 1mm (M, GC, GI)

Small smt to to -2: 1Ox1 Ox1 0, pillow, 3mm altered glass, >10% vesics 1-2mm, abundant pi <1 mm

between 9°41,67'S/13°04,85'W 1574m
(M,GC, GI)

ASC5 and
Grattan
176TDS 9°41,01 'S/13°01, 14'W 1543m -1: 25x1 Ox12, pillow, vesic to 4mm, no glass, some FeOx (M, GC)

Small smt. to to -2: 13x20x10, pillow, altered glass 1-2mm, >10% vesics 5-15mm sed filled (M,

between 9°41, 17'S/13°01, 19'W 1511 m
GI)

ASC5 and
-3: 5x5x5, pillow, much FeOx and Mn, many vesics 2mm (M, GC)

Grattan
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177TDS 9°41,50'S/13°01, 15 'W 1429m -1: 13x9x8, vesic-rich (to 4mm) (M, GC)

Small smt to to -2: 19x22x15, pillow, FeOx, Mn coating, vesicular (to 8mm)

between 9°41,60'S/13°00,91 'W 1361m
-3: 1Ox1 Ox1 0, pillow, 3mm vesics with sediment, FeOx

ASC5 and
Grattan
178TDS 9°42,70'S/13°00,13'W 1438m -1: 23x20x11, pillow, altered, FeOx

Small smt to to -2: 14x11x6, pillow, abundant pi to 5mm, vesics <1 mm

between 9°42,79'S/12°59,53'W 992m
-3: 9x10x7.5, pillow, FeOx, some Mn, many vesics to 2mm

ASC5 and
-4: 20x15x3, breccia, sed.-cemented

Grattan
179TDS 9°44,05'S/12°52,86'W 1241m -1: 33x24x14, pillow, 8mm altered glass, Mn + FeOx, 2mm vesics (M, GC, GI)

Grattan to to -2: 30x22x14, pillow, 3mm altered glass, vesics to 6mm some elongated (M,

Smt 9°44,1 TS/12°52,30'W 960m
GC,GI)

-3: 22x14x9, pillow, 2mm altered glass, vesics 2-8mm (M, GC,GI)
-4: 12x17x14, pillow, vesicular (M, GC,GI)

180TDS 9°43,86'S/12°50,35 'W 484m -1: 26x18x1 0, foamy lava, some FeOx, vesics 1-1 Omm (M, GC)

Grattan to to -2: 19x12x12, pillow, altered, FeOx coating

Smt 9°43,95'S/12°49,91 'W 252m
-3: 21x16x15, pillow (M, GC)

181TDS 9°41,19'S/12°46,01 'W 2019m Empty

Grattan to to
Smt 9°41,54'S/12°45,76'W 1739m
182TDS 9°43,36'S/12°08,4TW 1981m Coral

Smt 0 to to
9°43,49'S/12°08, 1O'W 1543m

183TDS 9°42,72'S/12°08,2TW 2297m -1: 1Ox1 OX5, pillow, abundant vesics to 5mm, PI to 10mm (M, GC,GI)

SmtD to to -2: 25x18x10, pillow, >10% vesics to 7mm, 10mm glass, <10% PI to 2mm (M,

9°43,OO'S/12°08,06'W 1880m
GC,GI)

-3: 10x15x4, sheet flow, 5mm glass, <10% vesics to 10mm, some PI to 3mm (M,
GC,GI)

-4: 25x1 Ox1 0, pillow, PI to 5mm, 20% vesics to 1Omm, 2mm glass (M, GC,GI)
-5: 10x10x10, pillow, 10mm glass, 25% vesics to 5mm, rare PI to 2mm (M,

GC,GI)
-6: 20x20x15, pillow, 15% vesics 1-2mm, some Pl2mm, 5mm glass (M, GC,GI)

184TDS 9°43,70'S/12°08,08 'W 1529m -1: 20x20x10, pillow, 10% PI 15mm, 40% vesics to 5mm, 5mm glass (M, GC, GI)

Smt 0 to to -2: 20x20x20, 20%P115mm idiomorph, 40%vesics to 5mm, 10mm glass (M, GC,

9°43,84'S/12°07,6TW 1246m
GI)

-3: 10x8x4, sheet flow, 10% PI to 10mm, 40% vesics, 5mm glass (M, GC, GI)
-4: 20x20x20, pillow, 5% PI to 10mm, 1% cpx? <1mm, 30% vesics, 5mm glass

(M, GC, GI)
-5: 10x10x5, pillow, 30% vesics 1mm, PI to 2mm, glass 3mm
-6: 15x20x15, pillow, PI <10%, vesics 2-4mm (M, GC, GI)
-7: 10x12x10, pi/low, P12-3mm aligned, very vesicular (M,GC)
-8: ?x?x?, pillow, vesic 1-2mm, PI <10%, altered qlass 1-3mm (M, GC, GI)

185TDS 9°44, 12'S/12°07,51 'W 1370m -1: 10x13x7, alte red pillow, ,vesics 1-2mm, PI to 3mm (M, GC)

Smt 0 to to -2: 22x12x11, pi/low, few PI 2mm, vesic 1-2mm (M, GC)

9°44,44'S/12°07,35'W 1046m
-3: 13x13x1 0, pillow, altered, highly vesicular 2-6mm, P11-10mm (M, GC, GI)
-4: 12x9x13, pillow, 20mm glass, PI4mm (M, GC)
-5: 12x14x9, oillow, vesicular 1-2mm, alte red (M, GC)

186TDS 9°46,46'S/12°09,29'W 918m -1: 15x15x1 0, pi/low, 2mm altered glass, vesicular (M, GC, GI)

Smt 0 to to -2: 11x8x6, pillow, vesicular 1mm, PI 3mm (M,GC)

9°46,48'S/12°09,00'W 810m
-3: 50x50x50, pi/low, altered, vesicular, some sed. in vesics (M, GC)
-4: 13x9x6, pi/low, dense, vesicular 1-4mm (M, GC)
-5: 14x14x14, pillow, like-1, vesics < 6mm (M)
-6: 16x14x14, pillow, Iike -1 but larger vesics (M)
-7: 24x18x5, sheet flow, vesic 1-25mm, PI to 2mm (M, GI)
-8: 11 x12x1 0, pillow, Iike -1 but no vesic > 10mm (M)

188TDS 9°46,32'S/13°09,70'W 1603m -1: 13x1 Ox7, sheet f1ow, glass 3-5mm, few vesics, aphyric (M, GC, GI)

Segment to to -2: 20x20x20, pillow, 5mm glass, aphyric, slightly more altered than -3 (M, GC,

ASC5 9°46,50'S/13°09,28'W 1667m
GI)

-3: 30x20x20, oillow, fresh qlass, 1-2mm vesics (M, GC, GI)

189TDS 9°50,2TS/13°07,49'W 1945m -1: 40x30x35, pillow, some vesics 2-3mm, <5% PI (M, GI)

Segment to to -2: 20x20x15, pillow, like -1 with sed. traces (M, GI)

ASC5 9°50,42'S/13°07,11 'W 1960m
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190TDS 9°53,19'S/13°05,23'W 2052m -1: 20x20x14, pillow, 10% vesics 1-3mm, <10% Pl2mm, 3-5mm glass (M, GC,

Segment to to GI)

ASC5 9°53,23 'S/13°04,93 'W 2002m
-2: 7x7x4, pillow, <10% vesics 2mm, 10% Pl2mm, 5mm glass, few cpx, FeOx

coating (M, GI)
-3: 1Ox1 Ox1 0, pillow, vesics 2mm, <10% PI 4mm, 5mm glass (M, GC, GI)
-4: 30x38x30, <10% vesics 2-4mm, PI (GC, GI)

191TDS 9°56,90'S/13°04,01 'W 2188m -1: 1Ox1 Ox8, pillow, 2mm glass, PI 1-6mm (Iarger rarer), few vesics, thick Mn

Segment to to caoting (M, GC, GI)

ASC5 9°57,19'S/13°03,41'W 2190m
-2: 24x19x13, pillow, 30mm glass, few vesics 2-4mm, abundant PI 1-2mm (M,

GC, GI)
-3: 7x4x6, pillow, Iike -1 with less Mn (M, GC, GI)

192TDS 9°59,41 'S/13°12, 11 'W 2646m Empty, sed. traces on dredge

Segment to to
ASC6 9°59,31'S/13°12,12'W 2691m
193TDS 10°01 ,61'S/13°11 ,89'W 2833m Empty, sed. traces on dredge

Segment to to
ASC6 10°02, 16'S/13°11 ,43'W 2895m
194TDS 10004,26'S/13°11,88'W 2953m -1: 5x4x3, glass piece with Mn coating (GI)

Segment to to
ASC6 10004,58'S/13°11,26'W 2943m
195TDS 10007,89'S/13°11 ,84'W 3091m -1: 10x7x5, pillow, aphyric, 2mm glass (M, GC, GI)

Segment to to -2: 10x8x6, pillow, 3mm glass, aphyric, some vesics 1mm (M, GC, GI)

ASC6 10007,98'S/13°11 ,51 'W 3067m
+ 2 extra pieces Iike -1

196TDS 10013,84'S/13°11 ,31 'W 3241m -1: 3x3x3, all glass, PI 2mm (GI)

Segment to to -2: 2x3x3, pillow, glass 2mm, <10% vesics von 1mm, 5% PI 1-2mm (M, GI)

ASC6 10°14,13 'S/13°1 0,64'W 3598m
-3: 5x5x5, pillow, 10% vesics 1mm, 10% PI 5mm, cpx 1-3mm (M, GC, GI)
-4: 15x10x5, sheet flow, glass 3mm, 10% vesics 5mm, few P12-4mm (M, GI)
-5: 1Ox15x1 0, pillow, <10% PI 3mm, few vesics 1mm, 3mm alass (M, GI)

197TDS 10017,33'S/13°1 0,80'W 3100m -1: 20x15x10, pillow, 5% vesics 1mm, 5% PI1-2mm, 2mm glass (M, GC, GI)

Segment to to -2: 20x30x10, pillow, 2mm glass, <10% vesics 1mm, rare Pl1mm (M, GC, GI)

ASC6 10017,53'S/13°1 0, 13'W 3421m
-3: 15x10x10, pillow, <10% vesics 1mm, rare PI1mm, glass 1-2mm (M, GI)
-4: 15x20x10, pillow, <5%PI 1mm, 2-3mm glass (M, GI)
-5: 1Ox1 Ox3, sheet flow, few PI to 5mm idiomorph, few vesics 1mm, 5mm glass

(M,GC,GI)
-6: 20x1 Ox1 0, pillow, few PI to 5mm, few vesics 1mm, 10mm glass (M, GI)
-7: 10x8x5, pillow, few PI 3mm, nonvesic., 1Omm alass (M, GI)

198TDSa 10°22,91 'S/13°10,70'W 3535m Empty

Segment to to
ASC6 10023,24'S/13°1 0,24'W 3289m
198TDSb 10022,89'S/13°1 0,70'W 3500m -1: 11x5x1, pillow glass rim, PI 3mm (GI)

to to -2: 7x6x12, pillow glass rim, PI 5mm (GI)

10023,01'S/13°1 0,61'W 3569m
-3: 8x4x3, pillow, 10-20mm glass, PI 5mm, vesics 1mm (GI)
-4: 4x4x4, no glass, PI to 7mm (GC)
-5: 6x5x4, like -2 but less altered (GI)

At this point we ran out of blades for the saw, the only sampies that then could be taken were glass, M and Ge must
be taken on land
199TDS 10°29,01 'S/13°1 0, 19'W 3528m -1: 16x12x1 0, pillow, PI 2-5mm, 1-2mm glass, Mn coating (GI)

Segment to to -2: 20x15x12, pillow, like -1 but more Mn (2-3mm) (GI)

ASC6 10029,08'S/13°09,51 'W 3347m
-3: 7x3x3, glass fragment, abundant PI 3-5mm

200TDS 10036,52'S/13°05,53'W 3791m -1: 7x7x5, pillow, some PI 3-5mm, vesics 1-2mm, 3-5mm glass (GI)

Segment to to -2: 8x7x5, pillow, as -1 but less PI and vesics rare (GI)

ASC6 10036,86'S/13°05, 13'W 3772m
-3: 8x7x5, pillow, less PI than -1, some Mn coatin, 3-5mm glass alte red (GI)
+ 6 extra pieces in one baa



50

20HOS 10°41,01 'S/13°04,47'W 3712m -1: 20x15x10, pillow, 5mm glass, 10% PI

Segment to to -2: 20x15x15, pillow, 5mm glass, few vesics 1mm, some PI 1-2mm (GI)

ASC6 10°41,72'S/13°03, 1O'W 3500m
-3: 1Ox1 OX5, pillow, Mn coating, <10% vesics 1mm, <10% PI 1mm
-4:15x10x10, pillow, few PI to 5mm 3mm glass, 10% vesics 1mm
-5: 10x5x5, 10% PI 2mm, 2mm glass, some cpx, vesics 1mm (GI)
-6: 5x3x3, no qlass

202TOS 10°46,91 'S/13°03,03'W 3463m -1: 19x8x7, 3mm glass, 2mm Plag, 5mm 01 (GI)

Segment to to -2: 12x11x6, pillow, 2mm glass, PI10mm, 012mm (GI)

ASC6 10047,58'S/13°02,78'W 3466m
-3: 14x15x8, pillow, 4mm glass (GI)
-4: 30x30x30, oillow, 6mm alass, PI 4mm, no 01 (GI)

203TOS 10052,94'S/13°02,26'W 3639m -1: 14x16x12, pillow, 2mm glass, PI to 4mm (GI)

Segment to to -2: 14x14x3, sheet flow, vesics 2mm, rare PI 6mm (GI)

ASC6 10053,27'S/13°01 ,31 'W 3643m
-3: 8x6x6x, pillow, PI t08mm, Mn coating (GI)

204KOS 10°59,01 'S/13°02,37'W 3629m Empty; Sed. on dredge

Bode to to
Verde FZ 10059,34'S/13°01,76'W 3598m
205KOS 11°48,25'S/14°16,10'W 3853m Altered pillows and gabbros, all packed unsawn to be dealt with on land.

Bode to to
Verde FZ 11°48,92'S/14°15,89'W 3600m


