Multidisciplinary and extensive real-time deep seafloor observatoryoff Hatsushima Island in Sagami BayRyoichi Iwaseiwaser@jamstec.go.jpJapan Marine Science and Technology Center (JAMSTEC), JapanAbstract. A real-time long-term multidisciplinary observatorywas developed and installed at a cold seepage site on deep seaflooroff Hatsushima Island in Sagami Bay at a depth of 1170 m in 1993.Many observational results such as subbottom temperaturevariation and its relation with other environmental parameters orearthquake swarm activities have been obtained, and technologiesthat had been developed through the project was applied to otherobservatories such as off Muroto Cape in Nankai Troughobservatory and VENUS in Nansei Shoto (Ryukyu) Trenchobservatory. And then the results of these observatories were fedback to the new off Hatsushima Island observatory that wasdeployed in March 2000. The new observatory is equipped withspare optical fiber lines and auxiliary serial ports to whichunderwater instruments can be connected on the seafloor withunderwater wet mateable connectors. Far more advance inrevealing phenomena occurring on the deep seafloor is expectednot only by the continuous observation by the observatory but alsoby the development of new instruments by utilizing the facilitiesand the environment of the observatory for field tests.1 Introduction In order to understand fluctuation phenomena occurringon deep seafloor in various time scales, long-termcontinuous observation is necessary. In addition to that,multi-disciplinary observation by various kinds of sensorsis very effective. JAMSTEC�s cable-connectedobservatories that enabled these observations have beendeployed off Hatsushima Island in Sagami Bay, off CapeMuroto in Kochi Prefecture and off Kushiro and Tokachiin Hokkaido, and continuous observations by thoseobservatories have been carried out (Momma, 2000). InVENUS project (Kasahara, et al., 2000), which wassupported by the special coordination funds for promotingscience and technology of Science and TechnologyAgency, an observatory was installed at a depth of 2,150moff Okinawa Island on the landward slope of Nansei Shoto(Ryukyu) Trench. The off Hatsushima Island observatorywas the primarily developed cable-connected multi-disciplinary observatory, and later became the newest andthe most extensive observatory by the feedback oftechnologies developed through the other observatories.2 Off Hatsushima Island in Sagami Bay —Background and deployment of primaryobservatory Off Ito on east coast of Izu Peninsula, which facesSagami Bay, the crustal movement is very active andswarm earthquakes have been occurred almost every year.Teishi Knoll which is located 2km from the coast of Itoerupted in 1989. Next to this swarm earthquake region, acold seepage site where the largest chemo-syntheticbiological community in Japan, which is consisted mainlyof Vesicomyid clams, exits on the seafloor southeast offHatsushima Island. In order to observe environmentalchanges that are generated by crustal movement, a long-time real-time deep seafloor observatory was developedand deployed in this colony at a depth of 1175m inSeptember 1993 (Fig.1) (Momma et al., 1998). This observatory was equipped with a CTD sensor, anelectro-magnetic current meter, two video cameras, a geo-thermometer with tow probes, a seismometer (threecomponent servo velocimeter) and a hydrophone. Datatransmission and power supply from land was madethrough an electro-optical cable between observatory and aland station on Hatsushima Island. The probes of geo-thermometer, the hydrophone and the seismometer, whichhad been placed on the frame of the observatory, werepulled out and settled on the seafloor around theobservatory by ROV �Dolphine 3K�. At the same time,the observatory was moved to the colony in which more clams existed. Fig.1 Location of �off Hatsushima Island observatory�and epicenters of swarm earthquakes east off Izu Peninsula(1989-1999, by JMA )3 Observational results After the installation of the observatory, continuousobservation has been carried out .for about six years. By the continuous observation, seasonal variations ofsubbottom temperatures that increased in spring, theincrease of the amount of suspended particles also inspring, and diurnal or semidiurnal change of current, watertemperature and subbottom temperatures were detected.Mudflows that were generated by the swarm earthquake inMarch 1997 and in April and May 1998, and increase ofsubbbottom temperatures accompanied by the mudflowswere observed. Biological activities such as spawning ofclams were also observed. Furthermore, relations betweenthese phenomena were revealed. For example, thesedimentation of suspended particles and by mudflowsaffected the subbottom temperatures, spawning of clamswere triggered by rapid increase of water temperature. Thesemidiurnal variations of subbottom temperatures whichcorrelated with the variation of hydraulic pressure i.e.ocean tide were also observed. These are considered tohave some relation with the behavior of cold seepage.4 Deployment of the new observatory In order to feedback newly developed technologies and tocarry out more multi-disciplinary observation, theobservation by off Hatsushima primary observatorystopped in July 1999, and was recovered in March 2000and at the same time a new observatory was deployed(Photo.1).Photo.1 New �off Hatsushima Island Observatory� The location of the new observatory is in a clam colony40m north of the former location. The new station isequipped with a transmissometer, an ADCP (AcousticDoppler Current Profiler), a tsunami pressure gauge (aprecise pressure gauge) and a gamma ray spectrometer inaddition to the same sensors as those of the former station.Performances of some of those sensors are also improved.A/D sampling of seismometer is 24bits/200Hz (former onewas 16bits/100Hz). One of two video cameras is a SuperHARP camera, which is far more sensitive than a CCDcamera. Pressure cases and frames are made of titanium toprevent from corrosion. Underwater wet mateableconnectors, five electrical connectors and four opticalconnectors, are also equipped (Photo.2).

Four of five electrical connectors are for additional serialports (three ports for RS232C and one port for RS422.19.2kbps baud rate and DC15V/1A power supply areavailable for each one.). Sensors whose interface matchesthose specifications can be attached to the observatory onthe seafloor. The other electrical connector and all opticalconnectors are directly connected to the main electro-optical cable. By using those connectors, additional opticaltelemetry units can be attached. By utilizing these opticalconnectors, developments of optical fiber sensors, such asoptical fiber seismometers, are also possible. Beforedeployment, a cable with a underwater mateable opticalconnector on both ends were attached to the observatory inorder to measure optical loss of the connectors at landstation on Hatsushima Island. Fig.2 shows the result ofOTDR (Optical time domain reflectometer) measurement.As optical loss at the underwater unit was about 2dB, lossfor one connector was about 1dB including splice losses ofthe fiber inside the underwater telemetry unit. Although thesplice losses were not known and precise loss of theconnector alone cannot be obtained, the loss of theunderwater mateable connector is same as those ofconnectors commonly used on land. In November 2000,connection and disconnection test was carried out by ROV�Hyper-dolphin�. After this test optical loss was almost thesame.

Fig.3 shows the profile between June 2 and June 4, 2000when relatively large amount of suspended materials wereobserved by video cameras. There was a semidiurnalchange in current direction. SSW direction and a littledownward current are dominant. Increase of currentvelocity correlated well to decrease of light transmission,i.e. increase of suspended matters. There is a problem inobserving by the transmissometer and the video camerasthat those has been affected by suspended matters or snailsstuck to those sensors. There is also a problem in observingby the ADCP and the current meter that sometimes crabsstays on those sensors and obstruct current measurements.As there are several problems in the new observatory,adjustments through checking data including recovery andre-deployment are planned in near future. At that time, it isalso planned to improve coupling between theseismometer and seafloor by burying it. . In order to reveal much more phenomena occurring on the deepseafloor, it is necessary not only to continue observation by thenew observatory, but also to develop new instruments which canmeasure physical or chemical factors that have not been able to bequantified. By utilizing the facilities supplied by the observatoryand by taking advantage of the environment such as cold seepage,active earthquake swarms and crustal movements, several plans ofdeveloping new instruments are in progress. 5 Conclusion Real-time long-term multidisciplinary observation systemwas developed and installed at deep seafloor ofHatsushima Island in Sagami Bay in 1993. Technologydeveloped through the project was applied to otherobservatories. And then results of other projects were fedback to the new off Hatsushima observatory deployed inMarch 2000. Expandability that sensors can be added onseafloor enabled the observatory to be used as test bed fordeveloping observation instruments. Far more advance inrevealing phenomena occurring on the deep seafloor isexpected by long-term observation and development basedon off Hatsushima observatory.Acknowledgement. Off Hatsushima Island observatoryand other observatories were developed by the members ofDeep Sea Research Department in JAMSTEC. I thankRiyo Ohtsuka and Naotaka Togashi of Marine WorksJapan Ltd. and Mr. Namba of YSI/Nanotech Ltd. for theirhelp in carrying out observation and experiment by theobservatory. I also thank Mutsumi Shimoda and hiscolleagues in Oki Electronics Ltd. for the construction ofthe new off Hatsushima Island Observatory.ReferencesKasahara, J., Shirasaki,Y., and Momma,H.(2000)�FMulti-disciplinary measurements on the ocean floor usingdecommissioned submarine cables: VENUS project, IEEEJournal of Ocean Engineering, 25, 111-210Momma,H., R.Iwase, K.Mitsuzawa, Y.Kaiho andY.Fujiwara(1998): Preliminary results of a three-yearcontinuous observation by a deep seafloor observatory inSagami Bay, central Japan, Physics of the Earth andPlanetary Interiors, 108, 263-274Momma, H. (2000): Deep Ocean Technology atJAMSTEC, MTS Journal, 33-4, 49-63