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VERVI

The purpose of this cruise was to conduct deep-water operations at hydrothermal vent
sites along the Juan de Fuca Ridge with a HYSUB Remotely Operated Vehicle (ROV) operated by
the Institute of Ocean Sciences in Sidney, British Columbia. Although designed for water depths
of up to 5000 meters, the ROV (now officially named ROPQOS for Remotely Operated Platform for
QOcean Science) had not previously been used in water depths below a few hundred meters. NOAA
(through the NOAA VENTS Program of PMEL) and, I0S, the Department of Energy and Mines
Canada and the Natural Sciences Resoures Canada jointly contributed facility and personnel
expenses for the expedition. Twenty-four scientists and engineers participated in the project.
The main goals of the expedition were: (1) to test the handling capabilities of the ROPOS in the
confined and hazardous environment of hydrothermal vents; (2) to perform delicate chemical,
biological and geological sampling and well-navigated mapping; and (3) to test the limits of
operations on an existing oceanographic vessel not equipped with dynamic postioning capability.
Two well-mapped sites were chosen for the initial cruise; the Middle Vailey site at the northern
end of the Juan de Fuca ridge and the “‘megaplume” site at the southern end of the ridge. In
addition to ROV operations, Sea Beam mapping and deployment of seafloor instruments designed
to measure seafloor deformation and detect seafloor volcanic activity were also scheduled.

SCIENCE PROGRAM
General:

Both the Middle Valley and Cleft sites are well mapped with camera tows, Alvin dives and
various gophysical measurements. Extensive drilling by ODP had been done in 1991 at the
Middle Valley site. For each site, a number of scientific objectives were defined before the
cruise. For Middle Valley, the primary objectives were to: (1) obtain additional water samples
from the high-temperature vents of the Dead Dog and Bent Hill vents; (2) obtain biological
specimens, in particular a range of clams and sulfide worms; (3) take selected geological
specimens from new sites; (4) obtain temperatures and push cores at clam beds to determine
chemistry of pore fluids; (5) map in detail several new areas, including northern portion of
Dead Dog vent field and Bent Hill area. For the Cleft site, the primary objectives were to: (1)
continue time series of vent-fluid sampling; (2) obtain additional biological samples from high
temperature chimneys; (3) map in detail and sample large extinct chimney fields north of
monolith; and (4) examine southern lava mounds for active or recently active vents.

| f Chemical ling:

The goal of the chemical sampling portion of this cruise was to demonstrate that the
HYSUB 5000 ROV (ROPQOS) is capable of the precise positioning and manipulator control
necessary to take a fluid sample from a hydrothermal vent. Vent fluid sampling (using titanium
syringes called major samplers) is one of the most exacting and difficult tasks associated with



mid-ocean ridge hydrothermal research. Fluid sampling requires positioning an inlet tube
directly in a small (< 5 cm diameter) orifice and maintaining position for more than five
minutes while the samplers are flushed, filled, and allowed to equilibrate. Because the
submersible must maintain a stable position and avoid direct contact with hot corrosive fluids,
it is essential that the surface ship hold station to within a radius of < 100 m to avoid dragging
the ROV away from the vent.

For vent fluid sampling, ROPOS was outfitted with a pair of titanium major samplers
(triggered simultaneously) and a temperature probe, with the tip of the temperature probe
located near the ends of the sampler inlet tubes. On two occasions, dive 199 at Dead Dog vent at
the Middle Valley site and dive 202 at Monolith vent at North Cleft, we were able to successfully
sample vent fluids with ROPOS. The pilots were able to maintain position by driving the ROV
laterally and downward against the vent structure and monitor the position of the sampler inlet
tips on two video camera monitors. The temperature probe readout was also monitored at the
surface and used to optimize position of the samplers.

Shipboard analyses of the fluids for pH, alkalinity, hydrogen sulfide, ammonia, chioride;
and silica were carried out and confirmed that vent fiuid was successfully recovered. In addition
to demonstrating the ability of ROPOS to sample hydrothermal vent fluids, we achieved the
scientific goal of making the first measurement of ammonia and taking sub-samples for the first
gas analysis on the fluids from Middle Valley. Based on the silica content of the fluids, the
sample taken at Middle Valley contained 1.6% hydrothermal fluid, while the sample taken at
Monolith vent contained 7.5% hydrothermal fluid. The relatively low percentage of
hydrothermal fluid in the samples indicates that extensive entrainment of seawater took place
during sampling, which is not unusual. Vent fluid sampling is a skill which takes considerable
practice to perfect, and these were the first samples ever taken by an ROV. We had an excellent
group of pilots, who are to be commended for their efforts. It is clear that ROPOS has what it
takes to be a good fluid sampling tool, and experience will improve the quality of samples over
time. ROPOS dove with the major samplers on three other dives, but was unable to complete
vent fluid sampling before the dives were terminated due to mechanical problems. On those
occasions, we triggered the samplers in near-bottom seawater.

In addition to the titanium major samples, we took a small push core (~7 cm diameter)
in a clam bed at Middle Valley and analyzed the pore fluids for pH, ammonia, hydrogen sulfide
and silica. The temperature probe, which proved to be extremely robust, was used to measure
the temperature in the sediment, and indicated 15°C at a depth of approximately 20 cm. The
pore fluids were enriched in silica, hydrogen sulfide and ammonia, and showed a clear increase
with depth in the core.

The sampling configuration we used to prove that the ROV could take fluid
samples permitted only one sample in the course of a dive, and the sampler couid not be put
down because the temperature probe was fixed onto the inlet tubes and wired to the ROV. We
envision two possible solutions to this problem. The first and most economical solution would
be to develop an elevator that could safely transport several major samplers and other tools to
the working area on the seafloor, where the ROV could pick them up, use them, and bring them
back to the elevator, where they could be secured and sent to the surface. Provided the elevator
could be placed within 100 m of the sampling site, this would not significantly slow down
operations. The elevator is very much needed for collection of biological and geological samples
as well. Development of a working elevator is a high priority for ROV operations in the near
future. .
The second and more difficult solution would be to design a compact, light-weight
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manifold sampler capable of holding up to four major samplers and two gas-tight samplers.
This is quite a challenge, since ROPOS has a very limited payload (~25 Ibs water weight), and
very little protected space to house instruments. Since each major sampler weighs nearly 10
pounds in water, pursuit of this option would require either increasing the payload of ROPOS by
adding more syntactic foam, or designing a new, smaller, lighter sampler with the same non-
contaminating features as the titanium major samplers. This option requires more study, but
may be a possibility for the long term.

During this expedition, we used 4 titanium samplers belonging to the University of
Victoria and the Geological Survey of Canada. We also rented 4 samplers from the ALVIN group
as backup. PMEL should consider buying or making 4 titanium major samplers for use with the
manifold sampler and for ROV work. This would allow us to make minor modifications which
would improve the performance of the bottles on the manifold sampler, and we would avoid the
inevitable problem of needing to borrow samplers for use on the ROV at the same time as ALVIN
operations are taking place. ROPOS is potentially an ideal platform for the PMEL Scanner,
which could be configured to perform low-level measurements in the buoyant or non-buoyant
plume, or to measure higher levels of hydrothermal constituents in diffuse vents. In addition to
its ability to compliment water column CTD studies with chemical data to evaluate the strength
of hydrothermal plumes, the scanner would be useful as a reconnaissance tool to locate and
partially characterize hydrothermal sources prior to taking discrete, high-temperature vent
fluid samples.

I iological an ological mpling:

The success of the biological and geological sampling program is manifested in Tables |
and Il. Twenty-three biological and geological samples were taken in eight dives from ten
different vent fields. Several “tools” were used in obtaining samples. The ROPOS has operable
five and seven function arms, both of which performed well. A “Pacman” attachment can be
used on either arm for clenching and holding biological samples and friable geologcal samples; it
performed very well. Successful tube coring was also performed, and in the future it should be
possible to take several tube cores on one dive. The seven-function arm was superior for
delicate manipulations. A multi-function suction sampler can also be attached to ROPQS,
although it was not used during the 1992 cruise. All in all, sampling was performed with
almost the same ease as with a submersible, although the potential size and weight of samples is
reduced. The ability of the scientific party to interact with the pilots in sample selection and to
more clearly document the microenvironment from which the sample compensates for this,
however.

As with the chemical sampling, an elevator mooring is a clear advantage for future
biological and geological sampling with the ROV and should be developed further.

lmaging:

The primary imaging tools on ROPOS are: (1) a SIT camera, (2) an Osprey color CCD
video camera, (3) a Photo-sea 250-frame 35mm still camera, (3) and a Mesotech scanning
sonar (see appendix IV for description. The video and sonar were continuously recorded on
super-VHS and (for the color camera) 8mm format VCRs. All of these systems performed well;
the video systems gave excellent, noise-free images superior to many submersible systems that
the scientific party had experience with. For the future, the addition of a ultra-low light level
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CCD still camera (in particular the one developed at the University of Washington and co-funded
by NOAA/PMEL) and a state-of-art CCD color video camera would greatly enhance the ROPOS’s
imaging capabilities. Also, an analog to digital recording capability for the sonar would greatly
enhance the scientific usefulness of the Mesotech system (see Appendix IV for further discussion
of sonar).

Data Logging:

A clear need for a scientific data logger exists. At present, the data stream originates
from Eproms built into the existing telemetry system. After reviewing the science experience
on the 1992 expedition, it was concluded that a separate science telemetry system is probably
the best alternative. A relatively inexpensive system is available and should be purchased if
possible. The alternative is to have separate RS232 links for various sensors (such as was the
case for the temperature probe and ODP data logger in 1992), but this will severely limit the
number of science sensors on any given dive.

DIVE SUMMARIES

HYS-192 Dead Dog Mound area - JD180-181(6/27-6/28); 2136 in water; 0058-
0504 on bottom; 0725 on surface

Objectives: (1) Locate the well-positioned platform and "cork" at ODP Hole 139-858-G, (2)
Reconnoiter the Dead Dog and Chowder Hill areas

Achjevements:

ROPOS proved to be an excellent mapping vehicle during this dive. The scanning sonar,
SIT and color video images are vastly superior to ALVIN, with 10-m views commonplace.
Without the power restrictions common to manned submersibles, the scanning sonar could be
operated continuously, and is an important navigational and mapping tool.

This dive was restricted to the southern part of the acoustic anomaly known as the Dead
Dog Vent Field (ODP Initial Reports, Leg 139, in press). Hole 858G was located after about
0.75 hours of traversing. These traverses covered the flat muddy surface that typifies the non-
vent areas of Middle Valley. The muddy areas have many burrows. These burrows are absent
from the actively venting areas. Hole 858G is an excellent sonar target, as it stands about 2 m
off the seafloor, with two sonar reflector "ears” and has a conical base and 3-m-wide platform.
The drill stem was quite rusted, revealing the need for cleaning prior to attaching the data
logger (dive HYS200).

Dead Dog chimney sits on a mound about 20 m in diameter, which itself is on a less
prominently elevated area, about 50 m in diameter. The anhydrite chimney that sits on top of
Dead Dog Hill is a single prominent spire, about 7 m high, on top of about 2 m of anhydrite
rubble. The chimney is much higher than previously observed (1990), when it was only about
2 m high. Venting is profuse from the upper 4 m. A small discreet vent spouts from its base.

A sample composed of anhydrite and rusted sediment was scooped here (HYS-192-
0233). This sample yielded a collection of sulfide worms.

Sample HYS 192-024 was taken from the base of Dead Dog Chimney. It consists of
anhydrite plus minor organic material (A maximum temperature of 168°C was measured by
ALVIN at this site). Blocky, yellow-stained talus blocks, probably containing anhydrite and Fe-



saponite in highly altered, indurated sediment, surround the mound area.

From Dead Dog Hill, ROPOS traversed about 65 m southeast to Chowder Hill. An
excursion to the north reached ODP Hole 858F, which contains a cone, emplaced after drilling to
block downward flow that was initiated during drilling. This hole is about 15 m north of Hole
858G.

Chowder Hill is the highest hill in the vent field, and has a steep north side. At the base of
this steep slope, a distinctive clam field was discovered. Sample HYS192-0416 contained the
mollusc Calyptogena, and a gravelly, anhydrite-indurated substrate. The latter is pyritiferous
and carbonaceous, and emitted a distinctive order of H»S on recovery. The dive ended after 4

hours when the SIT camera was dislodged from its mounting and the hydraulic oil reservoir
became critically low due to filling of the tether with hydralic fluid (as expected).

HYS 193 Chowder Hill Area JD181 (6/29); in water 0304; d0604-0850 on bottom; 1405
on surface

Objectives: Traverse and map Chowder Hill area; test acoustic navigation system; Locate Hole
858 B on the southeastern slope of Chowder Hill

Achievements:

Navigation problems limited activities with the absence of transponder navigation. The
base of Chowder Hill was found using the Mesotech sonar. The dive was initiated on the clam bed
located on the previous dive. The north slope was traversed to reach Chowder Hill spire. This
slope has several small active vent sites, each about 50 cm high (“chimlets”). This spire is
about 2 m high, and sits on a small anhydrite mound, about 3m in diameter. Other small vents
are visible to the east, and appear to aligned east-west. The top of the hill is at 2415 m. The
area surrounding the chimney is composed of white, blocky anhydrite, formed through chimney
collapse.

The dive ended after 6 hours, when cage hydraulics failed. At surface, it was discovered
that the tether was severely damaged when it was dragged through the chimlet field; the outer
covering was completely melted in a few spots, and it was heavily scored along about 20 m.

HYS-194: Aborted-ground fault

HYS-195: Aborted- telemetry failure

HYS 196: Chowder Hill Area -JD182-183 (7/1/92-7/2/92); 0535 in water; 1042-
0028 on bottom; 0319 on surface

Objectives: To traverse and map the southeastern part of the Dead Dog Vent Field, including the
Dead Dog, Chowder Hill and Inspired Mounds areas. To re-locate the 858G and other ODP drill
holes, and continue to verify the acoustic navigation system.

Achievements:
The cage was positioned over the Chowder Hill clam bed (Dive 192). The acoustic

navigation of both the cage and ROV worked almost continually during this dive, although were




best when the cage motor was turned off.

Hole 858G was a good sonar target, and was reached after mapping for about 45 minutes,
and passing holes 858E and F. The clam bed and the Chowder Hill vent were re-visited, and a
course set for the Inspired Mounds area to the southeast. Sonar targets were easily established,
and the ROV driven directly to the Inspired Mound area.

The sides of Inspired Mound are composed of blocky altered sediment and anhydrite talus;
the valleys and flat areas between the mounds are heavily burrowed mud. A sample (HYS 196-
1459) was scraped into the tray, and represents the typical hemipelagic ocoze found away from
the vent sites.

Inspired vent is composed of anhydrite, about 4 m high, above a basal mound of anhydrite
talus. Palm worms were sampled from a warm water vent (Marker 19) along with a slab of
indurated sediment. After completing the mapping of the Inspired Mound area, we traversed
northward over heavily bioturbated mud, back to Chowder Hiil. The next traverse was east from
Chowder Hill over bioturbated mud. Sample HYS 196-1641 was taken of these muds. We
traversed over 100 m east of Chowder Hill, passing several new clam beds, small vents, and
worm beds. This area of vents seemed to form an E-W valley (Brown Glen), flanked by parallel
ridges. We returned to Chowder hill, and again traversed east on a parallel course along which a
parallel trend of small vents was mapped. New clam beds were located 120 m east of Chowder
Hill. Indurated sediment was sampled (HYS196-2208). From this new clam bed, ROPOS was
turned southeast to a target near the eastern edge of the acoustic anomaly. It traversed baked and
fissured sediment, over a series of low mounds, to a broad hill of indurated and blocky, slabby
sediment, named Ascidea Hill after the prominent biota located there. This dive ended after 14
hours.

HYS 197: Dead Dog Mound and Chowder Clam Bed - JD184-185 (7/2/92-7/3/92); 1526
in water; 2025-0005 on bottom; 0330 on deck

Objectives: (1)Continue detailed mapping Dead Dog Vent area, and the clam bed on the north side
of Chowder Hill, (2) Attempt at sampling high temperature vents with the titanium syringe
samplers.

Achiev nts:

The cage was positioned immediately north of the ODP Hole 858G, and was immediately
found with the ROV. With good navigation its position was well fixed. Sonar navigation indicated
that Dead Dog vent is 45 m southwest. ROPOS was then driven toward Dead Dog Vent, passing
initially over sediments with a few scattered blocks of indurated material. Burrowed
hemipelagic mud gradually gives way to indurated sediment. Talus of indurated mud is
prominent at the base of Dead Dog Mound. At the top of the mound, the chimney was surveyed
using the video system by circling it and traversing up its length. Worms are abundant at the
chimney base, in 80C water. The top of Dead Dog Chimney was knocked down. The lower part is
quite hard, and composed of crystalline anhydrite. A sample of the chimney (HYS 197-2117)
was collected about 4 m from the base. Water sampling of a small vent at the base was
unsuccessful due to failure of the 24 volt power supply.

A traverse was made east (40 m) and south(60 m) to the Chowder Hill clam bed and it
was mapped in some detail. It is an elliptical area, about 11x7 m and oriented NW along a break
in the lower slope of Chowder Hill. It is about 1 m above the level of the
hemipelagic mud flats to the north, andslopes very slightly to the southeast. The main vent at




Chowder Hill is about 25 m to the south. A series of temperature measurements were made in
the gravelly substrate. Immediately below the clams, the temperature was 7.50 C, and 7 cm
below, it was 12.20 C. We were pulled back to the cage, then re-occupied the clam bed for
further. biological observations. The dive ended after 4 hours.

HYS 198: Bent Hill Area - JD185-186 (7/3/92/7/4/92); 1730 in water; 2130-0025 on
bottom; 0239 on surface

Objectives: (1) Sample water at Bent Hill, (2) Map the geology of the vent site and along the
south flank of the main hill.

Achievements:

Acoustic navigation at this site was very poor, and insufficient for locating traverses and
samples. The cage was positioned northwest of Bent Vent. Depth is 2650 m, and consists of
moderately bioturbated greenish hemipelagic mud, with a thin layer of reddish mud on top. The
latter was easily disturbed as the ROPOS passed over it.

The traverse south continued south for about 40 m towards a sonar target (the Bent Vent
site) over this hemipelagic mud. The base of the mound is marked by blocks of talus on the mud.
The talus blocks are yellow, indurated sediment away from the mound (elevation 2443 m), with
more sulfide debris at the edge of the mound (elevation 2442: m).

The main vent stack is 2 m high, and a subsidiary stack is 1 m high. Worms appear to be
absent. A yellowish matte covers the lower parts of the chimneys and the basal mound (Fe-
oxidizing bacteria ?). The chimneys are soft and very friable, and could not be sampled.

After the ROPOS returned to the cage, the hill was again approached (40m at 2109) over
heavily bioturbated mud (2457 m). Hydraulic problems continued, with periodic electrical
failures. At the base of the hill a packman sample (HYS 198-2319) was taken. This sample
consists of pelagic mud and collapsed chimney detritus.

This dive lasted just under three hours, almost entirely without navigation. Most of its
objectives were not met.

HYS 199 Dead Dog Vent Field, Chowder Hill and the Central and North parts of the Acoustic
Anomaly - JD186-187 (7/4/92-7/5/92) 1700 in water; 2008-0612 on bottom; 0928 on
surface

Qbjectives: (1) Complete the mapping of Dead Dog Hill, Chowder Hill clam bed, (2) traverse
northwards to East Hill and Heineken Hollow.

Achievements:

The first hour or so of this dive had no acoustic navigation, and the dive starting point
was difficult to establish. Sonar targets took the ROV towards Chowder Vent, over flat
bioturbated hemipelagic mud , and nearer the hill, talus blocks and indurated sediment, The vent
is at 2410 m. Dead Dog Vent was revisited (about 50 m bearing 320°), and then the ROPOS
was returned to the cage with no navigation, and the sonar again ranged on Hole 858G. Hole
858G was approached a few minutes later. Transponder navigation returned, and Dead Dog Vent
was revisited, again traversing over hemipelagic mud, then indurated crust with no worm
holes. ;
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At Dead Dog Vent, the water sampler was deployed at a basal vent (2409 m) near marker
12. The maximum temperature reached was 2420 C and one bottle filled (HYS199-2314).
From here for the remainder of the dive, there was good acoustic navigation. ’

_The ROPOS then moved to Chowder Hill clam bed, and mapped the area in great detail for
the next 40 minutes. A composite push core was collected by penetrating the sediment in the
clam bed twice. Clam sheils, sediment and pore waters were recovered from this sample (HYS
199-

2410). Following this mapping, a field of small "chimlet" vents was discovered about 15
m south of the clam bed on the slope of Chowder Hill. These are each about 50 cm high, weakly
active, and composed of anhydrite.

Following the Chowder Hill mapping, a northward traverse was initiated, with the
objective of re-locating the ALVIN targets at Central Site, East Hill and Heineken Hollow. On the
northward traverse, numerous sonar targets were located; in some areas, these were too
numerous to be completely checked.

The first 180 m from Chowder Hill chimlets crossed pelagic, weakly bioturbated mud at
2423 m depth. Many targets were visible on the sonar; most consisted of low (2-5 m) mounds in
a hummocky terrain. We first encountered (and temporarily caught) an ODP transponder.

From it a traverse was made to the first good sonar target.

In the general area of the Central Site vent field and those to the north of it were like
those to the south. Weakly bioturbated pelagic mud (2419 m) changes northward to gently
undulating hummocks (2417 m) that are more strongly burrowed. Nearer the vent site, the
surface changes to non-bioturbated, indurated mud, which is increasingly desiccated. Each hill
typically has a vent on its top, with most of the hills at elevations of 2410 to 2412 m.

The Central Site vent occurs near the mid-point of the acoustically anomalous area. |t
consists of three high temperature vents, and additional grey to black anhydrite chimneys, each 1
to 2 m high. Surrounding these active vents are several smaller chimneys, each 10 to 30 cm
high. These are thought to be barite (based on ALVIN sampling), and are growing from a "plate”
of indurated mud, in a zone 20 to 30 m in diameter around the hot vents (called the Noodles Vent
here).

To the NNE of the Noodles area, about 40m, another low, black multi-spired chimney
structure (Pin Vent) occurs on indurated sediments, but without a prominent rise. This vent
appears to be composed of anhydrite, with no associated barite-type spires. Between the Pin and
Noodles sites, the sediment is flat and bioturbated.

Moving 60 m NNE from Pin vent, ROPOS moved over bioturbated mud (2417 m) to an
apron of brecciated indurated sediment that surrounds a snow-white anhydrite chimney,
emitting 227°C water. Only clear water is discharging from this vent. A sample of crystalline
anhydrite with pyrite (HYS 199-2703) was collected from its basal apron. A sample of well
indurated hemipelagic crust was collected between the basal apron to the vent site (HYS 199-
2708). This area is referred to as Pincushion Flats, because of the large number and unusual
nature of these vents. All of these are included in the Central Site area.

ROPOS then moved 80 m further north to a much larger vent complex that is part of the
East Hill zone of vents. This distinctive vent site is called the ROPOS vent. Overall, the vent
complex is about 80m in diameter. At the center of this vent complex is a very large dual-
spired vent composed of anhydrite. It is about 10 m in width at its base, and 3-4 m high. The top
of this mound is at 2409 m. Another part of this vent complex, about 20 m south of the main
vent, is a secondary mound, about 5 m in diameter, with its top at 2412 m, the base at 2415 m.

A sample of indurated sediment was collected here (HYS 199-2726).



A 90-m traverse was made to the NE of the ROPOS site, but encountered only pelagic
mud. After passing SW of the ROPOS area, a 100 m2 area of very low-relief indurated pelagic
mud was traversed. At least two sag pits are present; these are areas of local collapse of the
indurated mud. They have low-temperature diffuse venting, with worm colonies locally
abundant. The worms have an unusual appearance, occurring as twisted, intertwined and ropy
clusters.

The ROPQOS then proceeded SW to about 120 m due south of the Heineken Hollow feature
and turned north into a broad area of desiccated and indurated sediment with many patches of
ropy worms and scattered clam beds. Shimmering warm water is venting from fractures in the
indurated mud. A temperature of 3.3° C was measured in one of these. The spiral snail Buccinum
is widespread around the margins of these areas of diffuse, fracture-controlled venting. These
snails may be the "golf bails” recorded in the towed camera work in this area. The worm beds
are extensive, and sample HYS 199-2917 was taken where the clusters are thick and tangled.

A wide loop was made to the west and north, passing over the margin of the acoustic
reflector.  After traversing bioturbated pelagic mud Heineken Hollow was approached from the
west over an apron of indurated mud. Heineken Hollow is formed of a central area of collapsed
indurated mud, with profuse diffuse venting throughout the collapsed area. The collapse is about
20 m wide. One hot vent was measured at 1140 C. Clams and snails are abundant on the apron of
the Hollow.

The dive ended here after 11 hours on the bottom.

HYS 200: Hole 858G - JD187 (7/5/92); 1301 in water;1619-1916 on bottom

Objectives: The purpose of this dive was to retrieve the data from the two corked ODP holes,
858G and 857D.

Achievements:

The data were to be collected by placing an conical "top hat", made of aluminum rods,
over the top of the bore hole. In the center of the top hat is a connector that, when aligned,
connects to the data port on the cork. After landing on the platform of the cork at site 858G, the
ROV was stabilized by using the five-function arm to hold the lip of the casing surrounding the
cork. The top hat slid over the hole with minor difficulty, and made a good connection to the
recording device in the hole. The data were successfully retrieved and stored.

Problems with the hydraulic arm caused the dive to be terminated. On retrieval, it was
discovered that the continuous current supplied to the connector caused it to quickly corrode so
the data could not have been retrieved from Hole 857D even if the ROV had been functioning
well.

HYS- North Cleft’/Monolith Vent JD 189-190 (7/7/92-7/8/92); 2146 in water;
0057-1130 on bottom; 1609 on surface

Objectives: (1) Locate Monolith Vent, (2) obtain accurate position tied to dGPS, (3) obtain
vent fluid sample, (4) photograph chimney structure and active vents to obtain comparison to
previous years and conduct geological traverses to the west and north of the Monolith Vent.

Achievements: -
No navigation was functioning on the ROV or the cage during this dive. Navigation was by
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dead reckoning, sonar and prior knowledge of the area. The site was identified on the sonar by
the sudden narrowing of the fissure at the vent site previously known by Sea MARC | side-scan
sonar and ALVIN observations from 1990. A set of ALVIN weights were observed just east of the
main fissure, and these proved to be good markers for subsequent approaches. Good quality
video traverses were made of older sheet flows to the east of the main fissure and Monolith was
found after 4 hours of searching. The water sampler was damaged during manouvering and was
inoperative during the dive. A small active vent (probably found on dive 226 in 1990 and
named New Vent) was reached and sampled for suifide (sphalerite sample taken on HYS201-
0608), worms and limpets in 60 C water. For the purposes of the cruse, the vent is recorded
as Table Il vent. A sample of altered sheet flow (HYS201-0719) was also collected near its
base. A traverse was made to the west of Monolith up the eastern side of Cracked Hill. On this
section, some alteration was recorded on videotape and a basalt sample (HYS 201-907) was
collected. After returning to Table |l Vent, the dive was ended after 11 hours.

Qperational Notes:

The RM661 failed completely during the beginning of this dive and was not operative in the deep
mode the remainder of the cruise. It worked on deck but would not work at depth. One of the
plug-in boards was found to have an obvious temperature sensitivity, but the problem could not
be localized further. Also during this dive, an overload in the surface transformer caused a
power loss in the ROV and cage but was fixed and the dive continued.

HYS-202 North Cleft/Monolith Vent JD192-193 (7/10-7/11); 2147 in water; 0141-
0833 on bottom;1248 on surface

Objectives: (1) Obtain dGPS position of Monolith Vent, (2) obtain water sample, (3) obtain
biological and geological samples, (4) conduct structural mapping of area around Monolith using
sonar and video systms, and (5) deploy markers to aid relocating sites.

hiev n

Despite major efforts to repair the naviagation system, no navigation was obtained on
this dive. Because of increasing winds throughout the dive, some difficulty was experienced in
holding position east of Monolith. After four hours, ship positioning improved and Table Il Vent
was reached and an east-facing marker (W8) was deployed. Another marker (S4) was placed
immediately below the Monolith Vent soon after. During this time, excellent color video was
recorded. On subsequent approaches, the markers proved easy to relocate. The relationship
between Table Il Vent, Monolith and a small vent lylng within several meters north of Monolith
(Table Vent of 1990 dives) was confirmed and continuous diffuse venting was seen from Table I
Vent to Monolith along the eastern lip of the main fissure. Detailed and extensive color video
(~45 min) and still-camera coverage was obtained over Monolith. Two full-water bottle
samples (TMax=260°C; HYS 202-0617) and a small sulfide sample (HYS 202-0617A) were
obtained. The success of this sampling and observation period was made possible by excellent
station-keeping over a 3-hour period in 15-20-knot winds in a watch circle of 100 m
diameter. Tube worms and sulfide substrata (HYS 202-655) were also obtained during the
latter stages of the dive. A basalt sample (HYS 202-0550) was inadvertently collected by the
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ROV from the wall to the west of the vent at the base of Monolith in the fissure.

Qperational Notes: The dive was curtailed after 11 hours after failure of the Tether Management
System. Because of inability to spool in tether, a two-part recovery was necessary.

HYS-203 North Cleft/ Monolith Vent JD194 (7/12); 0915 in water; 1429-1732 on
bottom; 2115 surface

Qbjectives: Relocate Monolith Vent, obtain dGPS position, map structural geology (examine for
cross structures), move to north, find, fix and sample Fountain Vent, and map and sample large
sulfide structures north of Fountain Vent. '

Achievements: To obtain basic navigation, relay transponders were placed on both the ROV and
the cage and the Oceano RM661 unit was kept on the ship. Without consistent acoustic
navigation, ship-positioning problems plagued the first few hours of the dive. Marker W8 was
located and shortly thereafter, Monolith was reached. The new higher-resolution video camera
was first tested on this dive and obtained excellent footage of the Monolith Vent. While the ROV
was held at Monolith, acoustic positions of the cage were obtained and by using the sonar for
bearing and range on the cage from the ROV, positions of Monolith were obtained. These
positions (10-20 m rms) plotted about 60 m southwest of the predicted Monolith site. After 5
hours of bottom time, the tether reel-in system failed and the dive was terminated. No samples
were obtained during the dive.

After failure of the tether management reel-in system, the ROV and the cage were again
recovered separately. After review of the damage, it was decided to terminate ROV operations
because: (1)it was not clearly understood how the failure was initiated and and there was a
chance of major damage or even loss of the system if a hasty repair was again attempted, and
(2) the two part recovery was difficult and potentially hazardous to personnel and equipment in
even moderate weather conditions as presently configured.

OPERATIONAL ASPECTS OF THE CRUISE: Problems and Recommendations

Motion Compensation: The most critical need for future ROV operations is some method
of heave compensation to reduce snap-loading and other probiems involved with excessive ship
motion. Experience in 1992 showed that snap-loading can be a significant problem even in
light to moderate seas for certain swell periods and amplitudes. Although it can be mitigated to
some degree by separating the ROV from the cage at shallow depth and powering the ROV to depth,
snap-loading and excessive ship motion are likely to be a significant problem in typical seas in
the Northeast Pacific summer (15-20 knots of wind and variable swells) and will curtail
operations in otherwise operable conditions. Excessive ship motion aiso has deletrious effects
on handling (see below) and in mating and unmating the cage and ROV during dives. During the
1992 cruise, an accelerometer (supplied by the Atlantic Geoscience Center, Canada) and a
specially written software package was used to monitor the ship motion. This was a useful tool
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and should be developed further.

nch and Recovery Handling: Several areas of concern were raised after the 1992
experience. First, the small vertical and lateral clearances between the A-frame and the cage,
although generally not a major problem in the unusually light seas of the 1992 field season,
pose a major potential problem in the future. In the longer term, the existing A-frame could
be replaced with a larger (higher ,wider and stronger) version. For 1993, any improvement
in clearance is desirable. Second, a better recovery system is highly desirable, particularly a
system for minimizing the swing of the package as it comes off the water surface. The most
difficult type of situation is the two-part recovery. In this situation, which occurred several
times during the 1992 cruise, the ROV is unable to mate with the cage and has to be recovered
separately. In 1992, a small boat attached a line to the ROV and it was craned aboard. The aft
crane is not ideal for this type of service; for example, using the crane at full extension created
a very severe pendulum effect. If possible, it would be best to eliminate the use of the smail
boat entirely and assess how to better use the crane (knuckling it down more?) for this type of
operation.

Navigation: Accurate and continuous tracking of the ship and vehicle position is an
essential component of any successful ROV operation. Shallow-water ROVs typically use ultra-
short base-line navigation systems which are commercially available but have limited ranges.
The depth and ranges encountered on this project necessitated developing a long-baseline (LBL)
navigation system specifically designed for ROV operations using a caged tether management
system and a nondynamically-positioned vessel. Custom PC-based software, a submersible
transceiver, and a responder were purchased from Oceano/MOORS. The navigation concept used
an array of bottom-moored transponders with a ranging receiver on the cage. A responder
(wire activated transponder) was installed on the ROV so all acoustic transmissions were nearly
horizontal, with no acoustically derived ship positions required. Differential GPS, using a base
station in Newport, Oregon and an open Inmarsat link was used for ship navigation. The master
computer controlled the transceiver and displayed all navigation. A remote computer on the
bridge provided a continuous display of ship, cage and ROV positions and a watch circle for ship
positioning. The concept was proven to be sound and provided all necessary information when
operating correctly. However, the transceiver had several severe problems which caused
significant loss of navigation data. The problems were apparently a combination of firmware
errors, low receiver sensitivity, and low-temperature faults. This was one of the first models
of a new piece of hardware from the company, and due to late delivery before the cruise, little
time was available to run performance tests in Seattle before the cruise. It will be returned to
the factory for repairs. However, the navigation software performed well under the guidance of
a contract software engineer who had been involved in the program development. The bridge
display proved to be essential for vessel station-keeping, where ROV operations often required
positioning and maintaining the vessel within 50 meters of target positions. Assuming the
hardware problems are corrected, further improvement of the system could involve noise
reduction on the cage and ROV, acoustic isolation of the acoustic modules, and better selection of
transponder reply frequencies. Alternatives to the high priced satellite-linked differential GPS
system should also be explored (for example, the use of an HF radio link and the potential for
access to a military-precision receiver).

ROV and Cage: Although there were a number of minor problems with the system
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(electronic problems etc.), most were easily correctable. Several general observations can be
made, however. First, the lack of electronic spares is a serious concern and should be corrected
by the next expedition. Second, the tether management reel-in system experienced major
structural failures at the end of the cruise and caused curtailment of operation and forced two-
vehicle recoveries. The reasons for this probiem should be identified and corrected. The third
major area of concern is the tether. Although the tether is buoyant at the surface, it is not at
depth and creates a major operational constraint, particularly in areas of hot water and/or
rough terrain. A buoyant tether is a high priority concern for future operations.

QTHER CRUISE ACCOMPLISHMENTS

In addition to the ROV operations, two extensive Sea Beam surveys of the eastern flank of Middle
Valley and the flanks of the Cleft segment were accomplished. Also, one Bottom Pressure
Reccorder and a Rumbleometer was deployed at Axial Volcano and two Rumbleometers were
deployed at the North Cleft site. Eight transponder deployments (four at each site) and seven
recoveries were made. One PMEL Benthos-type transponder was lost at the latter site. It
apparently surfaced but was not sighted. A SUS charge calibration experiment using 24 SUS
charges along a predetermined line was completed on the last day of the cruise.

SUMMARY

First and foremost the expedition was an unqualified success. The ROPOS accrued about
60 hours of bottom time at ten vent sites, during which 25 geological, biclogical and chemical
samples were taken, continuous video was recorded and 545 35 mm frames taken. This
expedition marks the first time that such samples, which require delicate manipulation, were
obtained from the Mid-Ocean Ridge by a remote vehicle. In addition, the ROPOS achieved a
successful coupling to the drillstring instrument package and 10 months of data were recovered
from it. The use of differential GPS coupled with the new LBL10 software made it possibie for
the bridge watch to hold the ship in position within a 100-m watch circle in winds up to 15
knots and seas of 6 to 8 feet. However, in order to achieve expanded bottom time and increased
scientific payback, improvements (as outlined above) are necessary in motion compensation,
launch and recovery handling, tether management navigation, instrumentation, and science
telemetry. The ROPOS has a high potential for future VENTS research.
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VENTS Sonar Imagery

The HYSUB ROV is equipped with a Mesotech 971 Colour Imaging Sonar. The 330 kHz system is
vertically mounted at the front of the ROV (see Figure). During the VENTS cruise we recorded the
sonar imagery data on standard VHS tapes with a signal from the NTSC port on the control box. A
VCR settings problem sometime after the start of Dive 199 led to no data being recorded until the
start of Dive 202. Half way through Dive 201 the sonar was crippled during a return to the cage.
The protecting bumper bar was compressed into the sonar head. This was repaired for the following
dive.

The Mesotech 971 has five scanning modes. The table below summarizes these modes. A
polar scanning mode was used for most of our operation. This was popular with the pilots, because
they could keep track of the relative cage position. On two occasions we ran the system in sidescan
mode. A sidescan mode survey of the ridge crest was planned but never completed. To reduce
distortions from varying vehicle position it is recommended that such surveys be conducted over a
defined grid and with the vehicle traveling with a constant ground speed and depth.

polar one direction 360°, data plotted as function of range and angle

sector similar to polar but scan is over a narrow sector centred about an angleset by the heading switch.

linear scan over area but plot is in a rectangular form

perspective mode positions returns in a perspective display using rectangular coordinates

sidescan transducer is fixed by angle set by Heading switch, relies on movement of the vehicle. As the horizontal

axis is ime, if vehicle’s ground speed varies, the image will be distorted.

The positioning of returning echoes is based on their arrival time. During flight it is common
for the vehicle to change heading and altitude which distorts the images. The data quality is greatly
improved when the ROV is stationary on the bottom. At Middle Valley there was an early tendency
to set the vehicle on high points to scan the surroundings. This worked only if the neighbouring
mounds reached the same level as the survey site. The best data from fixed points came when the
vehicle was parked in lower areas, either on the flank of mounds or in the saddles between mounds.

Ensonified area with
irregular beam front

IRRRELVER S

Sulphide Mounds



ROV heading

Mesotech Image

The mounds of the sulphides at
Middle Valley appeared on the sonar
to be terraced. This is an artifact
produced by irregularities in the
sonar beam. The banded imagery
resembles the concentric ring phe-
nomena described by the manufac-
turer. The outgoing sonar beam has
varying intensity lobes that produce
artificial bands in the images from
inclined areas. If the bottom slope is
constant, a polar scan will produce
bands concentric around the display
origin. At Middle Valley, because
we were scanning distant mounds
with slopes leading away from the
vehicle, the high amplitude returns
bend around the summit of the
mound (see Figure).

While this sonar system is suitable
for navigating the vehicle and

searching the bottom, it is a poor system for mapping and image analysis. With a digital system,
quality navigation, and altitude information, the ROV could be a powerful tool to map bottom
geology. A higher frequency system could be used to map water column anomalies and detailed
features around hydrothermal vents. Glenn Brown and associates at the University of Toronto will
research the possibility of converting the existing system or mounting another system on the ROV

for such high\‘resolution mapping of the deep sea floor.
/
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