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1. Introduction (P. Halbach)

Material transport, energy transfer, mixing processes and mineral precipitation of hy¬

drothermal seafloor systems are qualitatively well known and have often been described. How¬

ever, there is a considerable lack of knowledge especially regarding the quantitative considera¬

tion of the conversion of energy and materials as well as the development of hydrothermal cir¬

culation in space and time. Unknown are also the exact interactive processes up to the biologi¬

cal level. The importance of hydrothermal fluxes as a source for the mass budget of the re¬

spective materials in the ocean also is rather unknown. Fluid circulation in the oceanic crust is

a process controlled by heat dissipation and tectonic deformation due to plate divergence along

mid-oceanic and back-arc ridges. The cyclicity of hydrothermal activity also depends on the

tectonic variability and the magmatic periodicity (pulsating recharge of the subaxial magma

chambers). Submarine hydrothermalism thus is a function of the interacting dynamics of oce¬

anic crustal processes.

One important aim of marine hydrothermal research is to characterise the temporal

phases and the respective changes within the fluid-rock convection- and mixing-systems. The

evolution of the hydrothermal fluids is physico-chemically determined by pressure, tempera¬

ture, solution partners and redox conditions; the changing composition is mainly the result of

the en-route water-rock interactions. With increasing temperature and the respective maturing

of the fluid, this evolution is a process which depends upon time: we can thus define early,

main, and final stages which can also occur in repetitive cycles. Since long-term, in-situ obser¬

vations of this development are not yet possible, we have to rely upon individual local meas¬

urements and observations as well as the sampling of mineralisations (like oogenetic precipi¬

tates) and wall-rock alterations to reconstruct the hydrothermal evolution in space and time.

In order to do this, it is necessary to study individual hydrothermal systems and/or hy¬

drothermal fields in detail and by modelling; as many systems as possible with different stages

of maturity should be included. Based on these results it would be advantageous to develop a

system ofindicators (e.g. simple and complex geochemical or mineralogical markers) to char¬

acterise the evolutionary stages from their initial to their final phases and to identify the multi¬

ple episodes. These indicators could relate to the precipitates as well as to alteration minerali¬

sations and to the fluid composition including fluid inclusions.

Each hydrothermal convection cell generally has a size in the range ofkm" s. Thus we can

expect zonations which, at a certain stage, should exhibit lower temperatures in the outer range

(e.g. comparable to the initial stage) and higher temperatures in the central part (corresponding

to the main stage of activity). On the seafloor, these conditions are laterally documented by

characteristic mineralisations and/or different types of mixed vent fluids. The sampling of non-

endmember fluids, especially of low-temperature diffuse outflow is also important for the defi¬

nition of the geo-bio-interfaces. The consideration of the fluid matrix-biota interaction is one

crucial objective of the Hyfiflux II project. All the above show that the project is best carried

out in a marine area, where the geology, tectonics, local morphology and hydrothermal phe¬

nomena have previously been well studied: this is the case in the North Fiji Basin.

The first area which we studied during the Hyfiflux II cruise (SO 134) by bathymétrie

mapping and sea floor observation is located on the N-S segment of the Central Fiji Ridge. The

fast spreading ridge (8 cm/yr) has the corresponding morphology also typical for a volcanic



stage with a flat axial elongated dome at a water depth of about 2730 m. Very fresh lava with

no or very little sediment cover and often glassy surfaces indicate the young volcanic activity.

Tectonisation is not pronounced, and consequently no active or recent high-temperature hy-

drothermalism was observed; however, low-temperature mineral precipitates which were seen

are due to lava cooling processes.

On the other hand, farther to the north, in the N15° segment, where intense tectonisation

characterises the area, various types of recent and subrecent hydrothermal activity exist. With a

spreading rate of about 6 cm/yr this segment consists ofa volcanic dome which in the north i.e.

in the study area, is subdivided into a 1980 m deep and 2 km wide axial valley and the two

bordering neovolcanic ridges which rise 100 m higher; in the southern part the floor of the gra¬

ben reaches 2200 m water depth, there the ridges have an elevation of 2075 m.

Tectonic activity increases from the south to the north, most lineaments are horst and

graben structures aligned parallel to the main strike ofN15°, but close to the nodal basin which

defines the northernmost part ofthe N15° segment where it meets with the N160° axis and the

North Fiji Fracture Zone in a triple junction, the strike ofthe lineaments becomes diffuser.

In addition to fossil chimneys, there are presently several types of emanating fluids in the

axial zone of the N15° segment. A high-temperature fluid (1) venting out of sulphate chimneys

(White Lady) with temperatures up to 290°C but with a salinity of only half that of seawater.

At other sites there is diffuse outflow of low-temperature venting, some with precipitation of

iron-silicate minerals without any biological activity (2), others without recent mineral pre¬

cipitation but with high bioproductivity (3). In a southern extension of the LHOS Field we

found several small, and one larger site (which we called "Mussel Hill" because of its abun¬

dance of biological activity with up to 300 individuals of mussels and snails per m2, and white

bacteria and silica mats covering the basaltic substrate as well as the shells of snails and clams)

with intense low-temperature hydrothermal activity. These sites are concentrated in the rift

graben on highly fractured basaltic mounds which rise about 1 m above the sea floor, having a

diameter of 1-2 m and are often elongated to a "range" up to 10 m length.

Another stage oftectonic deformation only with opening ofcracks was also observed in

the form of young fissures in the seafloor with a width between several cm and several dm.

Seldom clams also settle on the edges and within these fissures, indicating that slight venting

has already started. However, the main activity of diffuse venting takes place within the much

more fractured basaltic mounds which seem to be young basaltic extrusions through older

fractures.

For sampling and observing we used the newly developed Hydro Bottom Station which,

in addition to on-line video recordings, yielded in-situ data of temperature, pH, Eh, C02 and

salinity in the mixing layer of hydrothermal fluid and sea water from 20 cm below up to 1 m

above the seafloor. Total reduced S, CHU and trace metal concentrations of water samples

were determined on board. The highest temperature anomaly is about 11°C above the back¬

ground temperature of 2.2°C. Typical hydrothermal tracers such asMn (TDM fraction), Si02,

total S2" and CH4 correlate positively with each other and with the temperature. The warm

water diffuse outflow is explained by subsurface mixing of hydrothermal endmember fluids

with entered normal seawater. According to our temperature measurements and considering

the 350°C hot OBS solution (EPR 21°N) as an endmember model fluid we obtain a mixing

ratio of33 parts of seawater with one part ofhot fluid. A weak decrease in salinity measured in



our warm water samples indicates that after phase separation, condensed vapor has possibly
also contributed to the non-endmember fluid composition. Over 40 hours of video recording
which will also be evaluated by the biologists, gave indications that the diffuse fluid emission is

pulsating in a 2-6 minute rhythm.

The very successful fluid sampling combined with the exact in-situ observations and

measurements could only be carried out using the new system of the Hydro Bottom Station.

The fluid samples which will be studied geochemically, are also subject to microbiological in¬

vestigations. In addition, some particular grab stations yielded large amounts (several hundreds

of animals of hydrothermal fauna per m2) of organisms for advanced biological investigations;

most of these animals (mussels and snails) are symbionts with bacteria. For the microbiological

research the identification of methanotrophic and sulphur-oxidising bacteria as well as their

contribution to the bioproductivity is ofprimary importance.

In the SO 99 mineral field which was discovered during the Hyfiflux I cruise and which

borders the Pere Lachaise field in the east and the nodal basin in the north, two generations of

massive sulphide chimneys can be discerned: a) older, partly oxidised chimneys usually on the

upper edge of escarpments (similar chimneys also exist in the Pere Lachaise field) and b)

subrecent to recent chimneys usually at the lower edge of the escarpments without any signs of

oxidative alteration; the latter sometimes are associated with relics of hydrothermal macro-

fauna like alviniconcha. Manganese crusts on parts of the chimneys indicate recent late-stage

hydrothermal activity under oxidising conditions, this is also shown by several temperature

anomalies in the water column (0.35°C at 3.5 m above the sea floor). Whereas Cu-rich massive

sulphide assemblages prevail in the older Pere Lachaise field, in the SO 99 field younger Zn-,

Fe- and BaS04-rich hydrothermal products are found in addition to the Cu-rich mineralisa¬

tions.

Altogether the large amount of massive sulphide samples recovered from several sites

during the SO 134 cruise will now allow a detailed evaluation of the mineral sequences, min¬

eral zonations and the respective hydrothermal stages.

Several sediment cores from marginal sites of the N15° segment were taken for the par¬

ticular study of the age relationships of volcanic ash layers. Huge amounts of basaltic rocks

were recovered to confirm the hypothesis that the underlying rocks influence the composition

of the mineral precipitates and in how far a local OIB source has influenced the local petrol¬

ogy-

The Hyfiflux II cruise with its interdisciplinary character has shown that the study of the

complex interactive processes of a hydrothermal system can only successfully be carried out by

a close co-operation of the respective geoscientific and biological working groups. These

working groups will also co-operate during the evaluation and interpretation of the data and

results.



2. Cruise Narrative (A. Koschinsky, P. Halbach)

The charter period for cruise SO 134 started on the 11th August, 1998, in Suva (Fiji).
Scientists from the German co-operative project HYFIFLUX II (FU Berlin, Univ Hamburg,
Univ Kiel, Univ. Greifswald, TUBA Freiberg and FI Senckenberg) and foreign partners (TMR

partner IPIMAR Lisbon, Southampton Océanographie Centre, and SOPAC Fiji) joined the

cruise, representing an interdisciplinary research group of marine and structural geologists,

sedimentologists, geochemists, microbiologists and biologists The loading of the three con¬

tainers and the airfreight with the scientific equipment was carried out on the 11 after the sci¬

entists had checked in on RV Sonne in the morning. The morning and the afternoon of the 12th

August were used to unpack the equipment, prepare the laboratories and install the analytical

instruments, furthermore, the Hydro Bottom Station (HBS) was assembled, fixing the heavy

lead-weight legs and the sampling and control components Members of the SOPAC organisa¬
tion paid a visit to the ship to exchange information about the cruise, and two Fijian high
school classes got a tour through the ship as part oftheir education in natural sciences

ioos
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Fig 2-1 Map showing the cruise course of SO 134 and the location of the investigated areas
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RV Sonne left the harbour on the 12th August at 8 p.m., heading for the first working

area (area D: N-S ridge segment of the North Fiji Basin; see Fig. 2-1). After a steaming time of

24 hours area D was mapped with Hydrosweep which lasted about 10 hours for the 12 nm x

10 nm large area. Several OFOS stations delivered excellent colour TV recordings which en¬

abled a rather exact interpretation of the seafloor conditions. Some multisonde (MS) stations

revealed hydrothermally active areas; the methane analyses showed maximum values of 44 nl/1

methane compared to background values of 6 nl/1, which can be interpreted as clear anomaly.

However, parallel analyses of hydrogen sulphide, Ca, Mg, Mn and further heavy metals did not

show any direct hydrothermal anomalies. This obviously indicates low-temperature solutions

with little reducing characteristics. OFOS recordings confirmed this, showing a maximum tem¬

perature anomaly of only 0.15°C (in area A anomalies of up to 0.4 °C had been found during

the SO 99 / HYFIFLUX I cruise), and brownish-yellow to yellowish-green precipitates were

visible in the gaps between pillow lava on the video records. In the northern part of area D in

the central rift valley mussel fields were observed with OFOS; however, we did not succeed to

sample them with the TV grab. The investigated N-S segment in the central part is character¬

ised by fresh sheetflow lava, indicating that the volcanic activity is intensive and young; in

contrast, the hydrothermal activity is not very pronounced, and sulphides were not observed.

The HBS was not deployed in area D because the device had to be set up and tested

first, and also because we did not identify any proper spots with hydrothermal fluid outflow to

sample with HBS. The HBS was tested in short deployments between the other stations and

was prepared to be deployed in area A. In the morning of the 19th of August RV Sonne left

area D, heading for area A (Fig. 2-1) which took about 10 hours. After Hydrosweep mapping

the work in the LHOS field started with some MS stations from which at two stations a sig¬

nificant methane anomaly (ca. 900 nl/1) and a temperature increase of 0.3 °C were identified. In

the same water samples we also found traces of dissolved sulphide and manganese. All these

results could be taken as clear indications that the LHOS field is still hydrothermally active.

Several GTV stations followed which were located according to the results of the SO 99

cruise. Sample collection was very successful at these stations; we received about 800 kg of

sulphide ore which interestingly contained some very Cu-rich pieces (up to 30 % Cu). Such

samples have before been found in the Pere Lachaise field only. The recovered samples consist

of big pieces (up to 60 cm diameter) of collapsed chimneys. Another chimney sample, in con¬

trast, from another station consists of relatively fresh sphalerite-rich material, containing up to

29 % Zn; this piece obviously belongs to the younger chimneys which correspond to the white

smoker type. We concluded that in the SO 99 field a relatively large hydrothermal mound ex¬

ists in which such younger chimneys with sphalerite enrichments are located.

Also the biological sampling with the TV grab was very successful, including a maximum

of about 450 individuals in a sample ofthe southern White Lady field. This indicates very high

bioproductivity at defined spots with sufficient hydrogen sulphide and methane supply. Some

species were found that up to date were not known to exist in the North Fiji Basin.

Bad weather conditions with strong wind and high waves made the use of large sampling

equipment impossible for three days. Bathymétrie mapping and dredge and sediment stations

with successful basalt and sediment recovery were carried out. On the 25th August the im¬

provement of the weather enabled the preparations for the first HBS deployment. Several on¬

board and in-situ tests had to be carried out. As expected, a number of changes, repairs and



corrections on the hardware and software had to be done which were managed perfectly by the

technical team of the scientific and ship's crew. On August 27, the HBS was ready for the first

contact with the seafloor. Due to the still rather high waves it was decided to deploy the HBS

over the ship's side instead of using the slide by the stern. The handling and the putting down

on the seafloor worked very well and the stability of the instrument on the rough seafloor was

impressive. It was also possible to put the HBS actively onto active fissures by simple „hop¬

ping" (short heaving and lowering). Most sensor parameters like temperature, redox potential

and pH could be measured on-line and used as indicators for emanating solutions. Leaving the

system for a longer time on a definite spot was easy because ofthe dynamic positioning ofRV

Sonne and gave the fascinating possibility to watch the hydrothermal fauna at the active sights

and to identify the pulse-like outflow ofthe hydrothermal solutions which lasted between 1 and

10 minutes. The colour video recordings showed shimmering water and white smoke (precipi¬

tated silica).

Unfortunately, there were still problems with the water sampling system of the HBS, but

they could be solved quickly. For eight complete days we concentrated on the work with the

HBS and the water chemistry including microbiology. Samples were taken in time intervals

from a fixed point (in order to identify the variability due to the pulse-like outflow) and in dis¬

tance intervals from the seafloor to investigate the mixing process of hydrothermal fluid and

seawater. Several times we succeeded to break through the dense layer of mussels and snails

on the seafloor and take samples from 5-15 cm below the surface; this was the first time that

low-temperature hydrothermal fluids could be sampled before the use by the hydrothermal

fauna. The results from the water chemistry laboratories were striking: methane concentrations

of about 38.000 nl/1, up to 4 mg/1 sulphide, reducing conditions around -70 mV, enrichments of

dissolved silica and manganese (up to 49 u.g/1) and strongly increased bacterial activity were

found. Also the increased presence of reduced metal species like As(III) and Cr(III) reflected

the reducing conditions. Mixing calculations using end-member fluids, our fluids and normal

seawater indicated that our solutions are probably a mixture of about 33:1 of normal seawater

and end-member fluid. Further analyses of trace metals and minor elements will be executed in

the home laboratory.

On the 3rd September the HBS work was finished and the device was taken down. The

cruise work was completed by several GTV, OFOS and sediment stations. In the afternoon of

the 6th September we finished the station work in area A and steamed back to Suva. During the

transit part of the equipment and the samples were stored in one of the containers. After the

arrival at the port in the morning of the 7th September, the HBS was stored in the open top

container and the third container on the pier was loaded. During a visit at SOPAC, information

about the success of the cruise was submitted. Finally, the scientists left RV Sonne on the 8th

September at 5 p.m. after all the storing and loading of the equipment was finished. The char¬

ter period for SO 134 ended on that day.

Alltogether, 116 sampling and measuring stations have been carried out during the SO

134 cruise. We carried out 18 multisonde stations, 17 HBS stations, 11 OFOS stations, 33

TV-grab stations, 13 dredge stations, 13 sediment stations, and 11 other stations. For a com¬

plete stations statistics, see Appendix.



3. Instrumentation and Sampling Methods

3.1 Navigation

Diesel propulsion of the vessel is enabled by two DC engines, with 1,150 kW each, re¬

sulting in a travel speed of 12.5 kn (max. 14.2 kn). Dynamic positioning with an azimuth bow

jet stream of max. 1,150 kW endures on-the-spot positioning for several hours, when required

(e. g. for HBS deployment).

Scheduling ofthe cruise course and of survey tracks is guided by a DEC work-station on

the „scientific bridge"; data are sent to the computer on the navigation bridge, where they are

processed matching nautical conditions. Plotting of the cruise course is also possible with the

DEC work-station on the scientific bridge. Bathymétrie maps from hydrosweep surveys in the

target areas were plotted on a HP work-station with the Atlas HYDROMAP 300 program.

Recorded positional data had to be computed in combination with hydrosweep signals gained.

Navigation of the vessel is carried out computer-based with the NAV-System, allowing

navigation and profile scheduling by on-line evaluation of all parameters relevant for the ship's

course. This is archived by continuos control of several sensors, like gyro-compass, pitch-and-

roll, Hydrosweep, GPS, etc. The data provided by the sensors of the NAV-System (including

data ofwinch operations) can be checked on the terminals connected to the NAV-VAX, which

are distributed in scientific labs and offices.

Navigational data processed on the bridge are filtered positions from the Global Posi¬

tioning System (GPS). GPS enables real-time determination of position and direction in re¬

ceiving satellite signals and processing these signals with a micro-VAX work-station connected

to the NAV-System. In theory, the precision of GPS is in the range of cm for stationary opera¬

tions, and down to 5 m for mobile open-ocean operations. In practical operation, the precision

ofGPS was in the range of about 50 m during the SO 134 cruise. There was füll satellite cov¬

erage during the bathymétrie surveys, so that continuos hydrosweep and HYDROMAP proc¬

essing was always possible.

3.2 Hydrosweep mapping / Parasound profiling (M. Halbach)

During SO 134 detailed bathymétrie surveys were carried out in two areas: in Area A

(which includes the SO 99-Field and the Pere Lachaise-Field in the northern part, and the

White Lady-Site and the LHOS/Mussel-Field in the southern part, and in Area C. A detailed

map ofthe SO 99-Field was made additionally. The bathymétrie maps were immediately proc¬

essed on board to be available for station planning.

Onboard FS SONNE a "Hydrosweep DS-System", manufactured by Atlas Electronic

Bremen, is used for the bathymétrie survey. The instrument is a wide-angle echo sounder, and

59 of the channels are being used for evaluation. The angle of opening is almost 90° with each

channel having a resolution of 1.53°. The width of the swath is thus about 1.8 times the water

depth.
A "mean" sound velocity for the calculation of the water depth is obtained in a special

way. The principle of this procedure is to direct the beam swath ahead of the ship. Now the
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