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The VENTS 1991 and 1992 Cleft Segment Plume Monitoring Experiment: 
Physical and Chemical Data, NOAA Ship Discoverer, 

June 1991 and May 1992 

Michael S. DevanyI, Edward T. Baker1, Richard A. Feelyl, David J. Pashinskil, 

Geoffrey T. Lebon I , Sharon L. WalkerI, and Katherine A. Krogslund2 

Abstract. This report summarizes salinity, temperature, nutrient, and total suspended matter data 
collected during the NOAA VENTS cruise in June 1991 and May 1992. The 1991 data was collected 
from June 7 to June 24, 1991 over the Juan de Fuca Ridge covering an area from 44 "OO'N to 48°3O'N 
and 128°3O'W to 1300 40'W. The 1992 data was collected from May 14 to June 11 over the Juan de 
Fuca Ridge covering an area from 44 °oo'N to 48000'N and 126°3O'W to 131 °00'W. 

1.0 INTRODUCTION 
The National Oceanic and Atmospheric Administration (NOAA) VENTS Program was 

established in 1984 to study the oceanic effects of hydrothennal activity along seafloor spreading 

centers. VENTS Program scientists from the Pacific Marine Environmental Laboratory (PMEL) 

have conducted intensive oceanographic research on the Cleft Segment of the Juan de Fuca Ridge 

spreading center located in the northeast Pacific Ocean basin. 

The Juan de Fuca Ridge is a medium rate spreading center, consisting of the Cleft, Vance, 

Axial, Cobb, Endeavour, and West Valley segments. The ridge is bounded on the south by the 

Blanco Fracture Zone and on the north by the Sovanco Fracture Zone. 

As part of the continuing VENTS Program research effort, cheIJ;lical oceanography cruises 

were conducted in June 1991 and May 1992 aboard the NOAA Ship Discoverer with scientists 

from NOAA, the University of Washington, and the University of Hawaii. These cruises 

concentrated on physical oceanography and geochemical studies of the neutrally buoyant 

hydrothennal plumes over the Cleft segment (Fig. 1) in order to quantitatively assess the impact 

of hydrothennal emissions on the seawater chemistry of the northeast Pacific Ocean. This report 

includes the complete set of hydrographic, nutrient, and total suspended matter data collected on 

the cruise (Appendix A) and a description of the sampling and analytical methods employed. 

Pacific Marine Environmental Laboratory, 7600 Sand Point Way N.E., Seattle, Washington 98115-0070. 
2 School of Oceanography, University of Washington, Seattle, Washington 98195. 
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Fig. 1. Station locations south of 45°31' for the VENTS 1991 Plume Monitoring Experiment. 
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2.0 SAMPLING METHODS 
2.1 Sample and Data Collection 
2.1.1 Seawater Samples 

Seawater samples were collected in standard 30-liter Niskin TM bottles fixed to a 12-position 

General Oceanics Tid sampling rosette. The Niskin TM bottles were internally coated with Teflon and 

modified with Teflon stopcocks. The sampling rosette was equipped with a CTD­

transmissometer, altimeter, and pinger locator. It was lowered into the water using standard 

hydrographic cable. The bottles were electronically tripped at pre-determined depths via a signal 

from the shipboard deck unit and closed by use of silastic tubing. Upon retrieval the Niskin TM 

bottles were removed from the rosette and placed in a non-contaminating pressure filtration rack 

for sub-sampling (Feely et al., 1991). 

Salinity samples were collected from the Niskin ™ bottle in 250-ml citrate bottles. 

Nutrient samples were collected from the NiskinTM bottle in HDPE 6O-ml bottles prepared 

by washing with 10% HCL and rinsed with deionized water. Unfiltered nutrient samples were 

taken directly from the Niskin TM bottle. Filtered nutrient samples were taken downline of the 0.4-

tJm pore size Nuclepore polycarbonate filter during the total suspended matter pressure filtration 

of the seawater. All nutrients were analyzed at sea within 12 hours after collection. 

Total suspended matter samples were collected by 12 psi nitrogen pressure filtration of the 

seawater in the NiskinTM bottle through 37 mm diameter, 0.4 tJm pore size Nuclepore 

polycarbonate filters. As described in detail in Feely et al.(1991) an air filter was placed in the 

tygon line connecting the nitrogen gas and the Niskin ™ bottle to prevent contamination of the 

seawater sample from particulates in the gas. To ensure that all particulates were filtered out of 

the seawater, the filtration racks were designed to tilt the Niskin Tid bottle at a 45-degree angle and 

during filtration the bottle was gently agitated to keep particles in suspension. The seawater 

filtrate was directed into pre-calibrated 20-L plastic jerricans and volumes were measured to the 

nearest 100 mL. Depending upon the sample's proximity to the ridge crest, it took from 2 to 8 

hours to filter 20-L of seawater, or to obtain a total of 400 tJg of loading on the filter. All filters 

were loaded and unloaded from the teflon savillex holders inside a laminar flow hood. After 

filtration the particulate samples were rinsed with pH 8.0 deionized water and dried in a 

dessicator under vacuum. 

2.1.2 Conductivity-Temperature-Depth-Transmissometer Data 

CTD-transmissometer data was collected using a Sea-Bird conductivity-temperature-depth 

(CTD) sensor and a Sea Tech 0.25-m path length beam transmissometer secured to the frame of 

a General Oceanics ™ sampling rosette. CTD information at the sampling depths were recorded 

shipboard on a Micro Vax data acquisition system at trip time by taking a 10-second average of 

the continuously collected I-second average data. 
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2.2 Sample Analysis 
2.2.1 Bottle Salinity 

Bottle salinity analysis was conducted by NOAA Ship Discoverer personnel on a shipboard 

Guildline Autosal™. Samples were stabilized to room temperature, 18°C, before analysis. Final 

salinity was determined by averaging three measurements from each citrate bottle. 

2.2.2 Nutrients 

Silicic acid and phosphate analysis were conducted by Kathy Krogslund of the University 

of Washington, employing a Technicon Autoanalyzer and the techniques described by Whitledge 

(1981). In the analysis of silicic acid, the average precision of the replicate analyses was ±D.5 

pmoVl. Alpha Inorganics™ reagent grade N~SiF6 was the standard used for this analysis. The 

phosphate analysis had an average precision of replicate analyses of ±20.0 nmoVl. Fisher™ 

certified primary standard KH2PO 4 was used for standardization. 

2.2.3 Total Suspended Matter 

Total suspended matter filters were weighed after desiccation on a Cahn 26 ™ Automatic 

Electrobalance which has an accuracy of ±D.OO5% of the true sample mass. Corrections for 

changes in filter weight were determined by reweighing reference filters, resulting in a net weight 

of particulate suspended matter. Given the net weight and volume of water filtered, total 

suspended matter concentrations were determined. 

2.2.4 Conductivity-Temperature-Depth-Transmissometer Data 

Measured conductivity was converted to salinity using standard UNESCO algorithms 

(Fofonoff and Millard, 1983). The conductivity data was corrected by direct comparison of bottle 

salinity and CTD salinity values. An average offset was determined for each cast. 

Potential temperature was calculated using standard UNESCO algorithms (Fofonoff and 

Millard, 1983) and the CTD measured values of in situ temperature and salinity. 

In situ density was calculated using standard UNESCO algorithms (Fofonoff and Millard, 

1983) and the CTD measured values of in situ temperature and salinity. 

Potential density was determined using standard UNESCO algorithms (Fofonoff and 

Millard, 1983) and the CTD measured salinity values. 

Attenuation was measured and final values calculated as described in detail in Bartz et al. 

(1978). 

The attenuation anomaly was calculated by determining the background value associated 

with each cast and subtracting that value from each discrete value. 

The temperature anomaly (AS) of each cast was calculated relative to the ambient water 

of the same potential density using the method of Lupton et al. (1985) with the equation 
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~8 = (8 - kCJs) - b 

where 8 and CJs are the potential temperature and potential density, respectively, and k and 

b are the slope and intercept, respectively, of the trend of 8 as a function of CJs in water 

immediately above the hydrothermal plume where the hydrographic effect of the hydrothermal 

emissions is negligible. The equation used for calculating the temperature anomaly for each 

individual cast is listed in the bottom left-hand portion of each station table. 

3.0 STATION DATA 
3.1 Station Locations for VENTS 1991 

The data represented in Appendix A were collected from June 07 to June 24, 1991 over the 

Juan de Fuca Ridge covering an area from 44°00'N to 48°30'N and 128°30'W to 1300 40'W. 

LORAN C was used for shipboard navigation and a listing of each station's latitude, longitude, 

and date of occupation is given in Table 1. 

Vertical CTD profiles were taken at the majority of stations. Additionally, given the dynamic 

nature of hydrothermal plumes, a limited number of lengthy, horizontal tows, called "tow-yos," 

were also conducted. Tow-yos were conducted by regularly cycling the CTD rosette package 

between the top and bottom of the hydrothermal plume. The ship's towing speed varied from 

2-3 kmIhr. NISKIN™ bottle trip positions for each tow are given in Table 3. 

A bathymetric map of the cruise project area overlaid with vertical cast positions is given 

in Figures 1 and 2. 

3.2 Station Locations for VENTS 1992 

The data represented in Appendix A were collected from May 14 to June 11, 1992 over the 

Juan de Fuca Ridge covering an area from 44°00'N to 48°00'N and 126°30'W to 131°00'W. 

GPS was used for shipboard navigation and a listing of each station's latitude, longitude, and date 

of occupation is given in Table 2~ 

Vertical CTD profile stations and tow-yos were taken over the project area. NISKIN™ bottle 

trip positions for each tow are given in Table 4. 

A bathymetric map of the cruise project area overlaid with vertical cast positions is given 

in Figure 3. 
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45°30' L...-___ :..-"""""~_'_"......,..u..::;u._""'_..w.::I""""'_ _ ____'_ ____ ____'_ ____ ...... 45°30' 
-131°00' -130°30' -130°00' -129°30' -129°00' -128°30' 

Fig. 2. Station locations north of 45"30' for the VENTS 1991 Plume Monitoring Experiment. 
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Fig. 3. Station locations for the VENTS 1992 Plume Monitoring Experiment. 
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TABLE 1 
VENTS 1991 LEG 2 

(JUNE 1991) 
STATION LOCATIONS 

STATION DATE LATITUDE LONGITUDE 
NAME OCCUPIED (N) (W) 

T9101Cl 07 JUN 91 48~7.4' 128°42.6' 
T9102C2 08 JUN 91 48°04.0' 129°03.0' 
S9155C3 08 JUN 91 47°57.6' 129°06.0' 
T9103C4 08 JUN 91 47°59.2' 129°00.6' 
T9104C5 09 JUN 91 47°58.0' 129°11.4' 
S9156C6 09 JUN 91 47°56.9' 129°08.4' 
S9146C7 09 JUN 91 46°40.9' 129°24.0' 
T9105C8 10 JUN 91 45°07.1' 130°09.0' 
S9127C9 11 JUN 91 45°01.9' 130°10.8' 
S9127C1O 11 JUN 91 45°18.6' 130°10.8' 
S9126C11 11 JUN 91 44°58.8' 130°13.2' 
S9126C12 11 JUN 91 44°58.9' 130°13.2' 
T9106C13 11 JUN 91 44°56.8' 130°05.4' 
S9122C14 12 JUN 91 44°52.6' 130°15.0' 
S9122C15 12 JUN 91 44°52.9' 130°14.4' 
S9121C16 12 JUN 91 44°52.9' 130°16.8' 
S9125C17 13 JUN 91 44°57.8' 130°13.2' 
T9107C18 13 JUN 91 45°00.7' 130005.4' 
S9125C19 13 JUN 91 44°57.3' 130°13.2' 
S9123C20 13 JUN 91 44°54.1' 130°25.2' 
S9128C21 14 JUN 91 44°53.2' 130°03.0' 
S9129C22 14 JUN 91 44°53.9' 130°06.6' 
S9130C23 14 JUN 91 44°55.4' 130°09.0' 
S9131C24 14 JUN 91 44°56.3' 130°10.8' 
S9124C25 14 JUN 91 44°56.0'. 130°13.8' 
T9108C26 15 JUN 91 44°51.8' 130°07.2' 
S9124C27 15 JUN 91 44°56.1' 130°13.8' 
S9123C28 15 JUN 91 44°53.5' 130°16.2' 
S9131C29 15 JUN 91 44°56.1' 130°10.8' 
S9135C30 16 JUN 91 44°59.9' 130~4.0' 
S9134C31 16 JUN 91 44°59.2' 130~1.6' 
S9133C32 16 JUN 91 44°58.1' 130°17.4' 
S9132C33 16 JUN 91 44°56.9' 130°15.6' 
S9132C35 16 JUN 91 44°57.4' 130°14.4' 
T9109C36 16 JUN 91 44°31.1' 130~7.0' 
T911OC37 17 JUN 91 44°43.9' 130°19.8' 
S9133C38 18 JUN 91 44°58.1' 130°17.4' 
S913OC39 18 JUN 91 44°55.6' 130°09.0' 
S9120C40 18 JUN 91 44°39.1' 130~2.2' 
T9111C41 18 JUN 91 44°26.7' 130°27.0' 
S9101C42 19 JUN 91 44°17.5' 130°31.2' 
S9102C43 19 JUN 91 44~0.5' 130°28.8' 
S9103C44 19 JUN 91 44°21.7' 130~2.8' 
S9104C45 19 JUN 91 44°22.7' 130°24.0' 
S9105C46 19 JUN 91 44°24.4' 130°22.2' 
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TABLE 1 (Continued) 
VENTS 1991 LEG 2 

(JUNE 1991) 
STATION LOCATIONS 

STATION DATE LATITUDE LONGITUDE 
NAME OCCUPIED (N) (W) 

S9106C47 19 JUN 91 44°26.0' 130°20.4' 
S9107C48 19 JUN 91 44°27.1' 130°19.8' 
S9108C49 20 JUN 91 44°29.5' 130°16.8' 
S9109C50 20 JUN 91 44°31.5' 1300 11.4' 
S911OC51 20 JUN 91 44°32.5' 130°15.0' 
S9111C52 20 JUN 91 44°33.5' 130°18.6' 
S9112C53 20 JUN 91 44°34.0' 130°21.0' 
S9113C54 20 JUN 91 44°34.5' 130~2.8' 
S9114C55 20 JUN 91 44°34.9' 130~4.0' 
S9115C56 20 JUN 91 44°34.9' 130~5.8' 
S9116C57 20 JUN 91 44°35.3' 130°28.2' 
S9117C58 20 JUN 91 44°35.8' 130°30.6' 
S9118C59 20 JUN 91 44°36.2' 130°32.4' 
S9119C60 21 JUN 91 440]6.7' 130°35.4' 
S912OC61 21 JUN 91 44°39.1' 130~2.2' 
S9136C62 21 JUN 91 45008.5' 130°14.0' 
S9137C63 21 JUN 91 45°09.1' 130°16.8' 
S9138C64 21 JUN 91 45°09.8' 130°19.8' 
S9139C65 21 JUN 91 45°10.6' 130°22.8' 
S9140C66 22 JUN 91 45°11.4' 130°25.8' 
S9141C67 22 JUN 91 45°13.4' 130°24.6' 
S9142C68 22 JUN 91 45°15.4' 130°24.0' 
S9143C69 22 JUN 91 45°17.3' 130~2.8' 
T9112C70 22 JUN 91 45°16.0' 130°08.4' 
T9113C71 23 JUN 91 45°55.9' 130°00.6' 
S9144C73 24 JUN 91 45°57.6' 130°10.8' 
S9145C74 24 JUN 91 46°01.0' 130°10.2' 
T9115C75 24 JUN 91 46°00.8' 129°54.6' 
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TABLE 2 
VENTS 1992 

(MAY/JUNE 1992) 
STATION LOCATIONS 

STATION DATE LATITUDE LONGITUDE 
NAME OCCUPIED (N) (W) 

S9281COOI 16 MAY 92 44°45.0' 125°19.8' 
S9282C002 16 MAY 92 44°45.0' 125°49.8' 
S9283C003 16 MAY 92 44°45.0' 126°30.0' 
S9284COO4 16 MAY 92 44°45.0' 127°09.0' 
S9285C005 17 MAY 92 44°45.0' 127°49.8' 
S9286COO6 17 MAY 92 44°45.0' 128°30.0' 
S9287C007 17 MAY 92 44°45.0' 129°09.6' 
S9288C008 17 MAY 92 44°45.0' 129°45.0' 
S9213COO9 18 MAY 92 44°57.0' 130°07.2' 
S9214C01O 18 MAY 92 44°56.4' 130°04.8' 
S921OCOll 19 MAY 92 44°59.4' 130°16.2' 
S9209C012 19 MAY 92 45000.0' 130°18.6' 
S9223C013 20 MAY 92 44°54.6' 129°58.2' 
S9222C014 20 MAY 92 44°55.2' 130°02.4' 
T9201C015 21 MAY 92 44°48.0' 130°18.0' 
T9202C016 21 MAY 92 45°04.2' 130°14.4' 
T9203C017 22 MAY 92 45°01.8' 130°19.2' 
S9215C018 22 MAY 92 45°00.6' 130°22.2' 
T9204C019 23 MAY 92 44°54.6' 130~1.0' 
T9205C020 23 MAY 92 45°00.6' 130°11.4' 
S9204C021 24 MAY 92 44°56.4' 130°13.8' 
S9205C022 24 MAY 92 44°54.0' 130°14.4' 
T9206C023 24 MAY 92 44°47.4' 130°18.6' 
T9207C024 25 MAY 92 44°41.4' 130°26.4' 
T9208C025 25 MAY 92 44°39.0' 130~1.6' 
S9208C026 26 MAY 92 44°39.6' 130°21.6' 
S9207C027 26 MAY 92 44°40.2' 130°21.6' 
S9206C028 26 MAY 92 44°41.4' 130~1.0' 
S9211C029 27 MAY 92 44°59.4' 130°15.0' 
S9212C030 27 MAY 92 44°57.6' 130009.6' 
S9203C031 28 MAY 92 44°58.2' 130°12.6' 
T9209C032 28 MAY 92 44°58.2' 130°12.6' 
S9201 C033 28 MAY 92 45°01.8' 130°10.8' 
S9202C034 29 MAY 92 44°59.4' 130°12.0' 
S9258C035 29 MAY 92 45°57.6' 130°10.8' 
S9259C036 29 MAY 92 46°01.2' 130°10.2' 
S9216C037 29 MAY 92 45°10.2' 130~1.0' 
S9217C038 29 MAY 92 45009.0' 130°16.8' 
S9218C039 29 MAY 92 45°07.8' 130°10.8' 
S9219C040 30 MAY 92 45°06.0' 130°05.4' 
S922OC041 30 MAY 92 45°04.8' 130°00.0' 
S9221C042 30 MAY 92 45°04.2' 129°54.0' 
S9224C043 30 MAY 92 44°40.8' 130°48.0' 
S9225C044 30 MAY 92 44°42.6' 130°10.8' 
S9226C045 30 MAY 92 44°43.2' 130°13.2' 
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TABLE 2 (Continued) 
VENTS 1992 

(MAY/JUNE 1992) 
STATION LOCATIONS 

STATION DATE LATITUDE LONGITUDE 
NAME OCCUPIED (N) (W) 

S9227C046 30 MAY 92 44°43.8' 130°16.8' 
S9228C047 31 MAY 92 44°45.0' 130°19.2' 
S9229C048 31 MAY 92 44°45.6' 130OZ1.6' 
S923OC049 31 MAY 92 44°46.8' 130OZ7.6' 
S9231C050 31 MAY 92 44°37.8' 130°31.8' 
S9233C051 31 MAY 92 44°36.0' 130°23.4' 
S9232C052 31 MAY 92 44°37.2' 130°26.4' 
S9234C053 31 MAY 92 44°35.4' 130°20.4' 
S9235C054 31 MAY 92 44°34.8' 130°18.0' 
S9236C055 31 MAY 92 44°34.2' 130°15.6' 
S9237C056 01 JUN 92 44°32.4' 130°10.8' 
S9239C057 01 JUN 92 44°27.0' 130°16.2' 
S9240C058 01 JUN 92 44°22.8' 130°23.4' 
S9241C059 01 JON 92 44°30.0' 130°28.8' 
S9242C060 01 JON 92 44OZ5.8' 130°28.2' 
S9238C061 01 JON 92 44OZ0.4' 130°00.0' 
S9243C062 01 JON 92 44°23.4' 130°33.0' 
S9244C063 02 JUN 92 44°19.2' 130°37.8' 
S9245C064 02 JUN 92 44°09.0' 130°49.2' 
S9246C065 02 JON 92 44000.6' 130°59.4' 
S9289C066 02 JON 92 44°19.8' 130°55.2' 
S9251C067 02 JON 92 44°40.2' 130°50.4' 
S9252C068 02 JUN 92 44°50.4' 130°44.4' 
S9253C069 03 JUN 92 45°00.0' 130°41.4' 
S9254C070 03 JUN 92 45°10.2' 130°36.6' 
S9255C071 03 JUN 92 45°19.8' 130°33.0' 
S9256C072 03 JUN 92 45°18.0' 130°16.8' 
S9257C073 03 JON 92 45°30.0' 130OZ0.4' 
S9270C074 03 JON 92 45°45.0' 130°40.2' 
S9290C075 04 JON 92 45°57.6' 130000.0' 
S9258C076 04 JUN 92 45°58.2' 130°10.8' 
S9259C077 04 JUN 92 46°01.2' 130°10.2' 
S9260C078 04 JUN 92 45°31.8' 130°46.2' 
S9261C079 04 JUN 92 45°19.8' 130°52.8' 
S9262C080 04 JON 92 45°07.8' 131000.0' 
S9263C081 05 JUN 92 44°55.8' 131 °07.2' 
S9264C082 05 JUN 92 44°43.8' 131 °13.8' 
S9265C083 05 JUN 92 44°56.4' 131 °30.6' 
S9266C084 05 JUN 92 44°09:6' 131OZ3.4' 
S9267C085 05 JUN 92 45°22.8' 131 °16.8' 
S9268C086 05 JON 92 45°35.4' 131°12.6' 
S9269C087 06 JUN 92 46°04.2' 130OZ7.0' 
S9258C088 06 JUN 92 45°57.6' 130°10.8' 
S9259C089 06 JON 92 46°01.2' 130°10.8' 
S9291C090 06 JUN 92 47°22.8' 129°13.8' 
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TABLE 2 (Continued) 
VENTS 1992 

(MAY/JUNE 1992) 
STATION LOCATIONS 

STATION DATE LATITUDE LONGITUDE 
NAME OCCUPIED (N) (W) 

S9292C091 06 JUN 92 47°22.8' 129°09.0' 
S921OC092 08 JUN 92 47°14.4' 128°03.0' 
S9293C093 08 JUN 92 47°22.8' 129°03.0' 
S9294C094 08 JUN 92 47°22.8' 128°58.2' 
S9295C095 08 JUN 92 47°23.4' 128°50.4' 
S921OC096 09 JUN 92 47°49.8' 127°43.8' 
S921OC097 09 JUN 92 47°50.4' 127°37.8' 
S9210C098 09 JUN 92 47°52.2' 127°37.2' 
T9211C099 09 JUN 92 47°51.6' 127°35.4' 
T9212Cloo 09 JUN 92 47°42.6' 127°46.8' 
T9213C101 10 JUN 92 47°50.4' 127°43.8' 
S9276C102 10 JUN 92 47°30.0' 128°19.8' 
T9214C103 10 JUN 92 47°48.6' 127°33.0' 
T9215CI04 10 JUN 92 47°52.8' 127°45.0' 
S921OC105 11 JUN 92 47°34.8' 127°51.0' 
S92IOCI06 11 JUN 92 47°51.0' 127°36.6' 
S9275C107 11 JUN 92 48°00.0' 127°37.8' 
S9274CI08 11 JUN 92 48°10.2' 126°37.2' 
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TABLE 3 
VENTS 1991 
(JUNE 1991) 

TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LATITUDE LONGITUDE 
NAME OCCUPIED NO. (N) (W) 

T9102 08 JUN 1991 27 129°03.6' 48°03.6' 
3 129°04.2' 48°02.0' 
20 129°04.2' 48°01.7' 
15 129°04.8' 48°00.1' 
21 129°05.4' 47°58.9' 
12 129°06.0' 47°57.9' 
17 129°06.6' 47°57.1' 
14 129°07.2' 47°56.2' 
25 129°07.2' 47°55.1' 
11 129°07.8' 47°54.1' 
1 129°08.4' 47°53.2' 

18 129°09.0' 47°52.4' 

T9103 08 JUN 1991 9 129°00.6' 47°59.2' 
29 129°02.4' 47°59.6' 
26 129°03.6' 48°00.0' 
23 129°04.2' 48°00.1' 
12 129°04.2' 48°00.2' 
15 129°04.8' 48°00.2' 
17 129°04.8' 48°00.3' 
20 129°04.8' 48°00.4' 
3 129°05.4' 48°00.4' 
14 129°06.0' 48°06.6' 
5 129°07.2' 48°01.1' 

21 129°08.4' 48°01.3' 

T9104 09 JUN 1991 10 129°09.6' 47°57.2' 
19 129°09.0' 47°57.0' 
8 129°08.4' 47°56.9' 

31 129°07.2' 47°56.4' 
24 129°06.6' 47°56.3' 
16 129°06.6' 47°56.2' 
30 129°05.4' 47°55.9' 

T9105 10 JUN 1991 23 130°12.0' 45°01.0' 
1 130°13.2' 44°58.7' 

22 130°13.8' 44°58.3' 
21 130°13.8' 44°58.2' 
18 130°13.8' 44°57.7' 
3 130°13.8' 44°57.7' 
5 130°14.4' 44°57.2' 
11 130°14.4' 44°57.1' 
13 130°15.0' 44°56.3' 
2 130°15.0' 44°56.2' 
6 130°16.2' 44°53.5' 
17 130°16.2' 44°53.3' 
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TABLE 3 (Continued) 
VENTS 1991 
(JUNE 1991) 

TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LATITUDE LONGITUDE 
NAME OCCUPIED NO. (N) (W) 

T9106 11 JUN 1991 14 130°10.8' 44°58.2' 
15 130°11.4' 44°58.4' 
20 130°12.0' 44°58.5' 
8 130°12.0' 44°58.5' 

29 130°12.0' 44°58.6' 
5 130°12.6' 44°58.6' 
12 130°13.2' 44°58.9' 
24 130°13.8' 44°59.0' 
9 130°13.8' 44°59.0' 
19 130°14.4' 44°59.2' 
16 130°15.0' 44°59.4' 
26 130°15.0' 44°59.4' 

T9107 13 JUN 1991 3 130°11.4' 45001.6' 
18 130°11.4' 45001.7' 
12 130°15.0' 45°02.5' 

T9108 15 JUN 1991 22 130°15.6' 44°53.2' 
2 130°16.2' 44°53.5' 

. 13 130°16.8' 44°53.6' 
6 130°18.0' 44°53.8' 
21 130°18.6' 44°54.0' 
23 130°19.8' 44°54.3' 
27 130~0.4' 44°54.5' 
19 130~1.0' 44°54.6' 
26 130~1.6' 44°54.8' 

T9109 16 JUN 1991 27 130~4.0' 44°36.5' 
16 130°23.4' 44°37.9' 
23 130~3.4' 44°38.3' 
3 130°23.4' 44°38.5' 
5 130~2.8' 44°39.1' 
2 130°22.8' 44°39.5' 
20 130°22.8' 44°39.6' 
13 130°22.2' 44°40.2' 
8 130~2.2' 44°40.7' 

25 130~2.2' 44°40.8' 

T9110 17 JUN 1991 17 130°20.4' 44°44.2' 
29 130°19.2' 44°46.9' 
30 130°19.2' 44°47.2' 
12 130°15.6' 44°53.3' 
26 130°13.2' 44°59.2' 
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TABLE 3 (Continued) 
VENTS 1991 
(JUNE 1991) 

TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LATITUDE LONGITUDE 
NAME OCCUPIED NO. (N) (W) 

T9111 18JUN 1991 31 130°24.6' 44°21.9' 
12 130°26.4' 44°24.1' 
24 130°27.6' 44~5.6' 
17 130°28.2' 44~6.6' 
21 130°28.8' 44~8.0' 
19 130°29.4' 44°29.0' 

T9112 22 JUN 1991 17 130°10.2' 45°07.9' 
10 130°10.8' 45°05.3' 
3 130°12.6' 45000.9' 

29 130°13.2' 44°58.9' 

T9113 23 JUN 1991 3 130°01.8' 45°55.6' 
29 130°01.8' 45°55.5' 
31 130°01.2' 45°54.9' 
24 130°01.2' 45°54.5' 
17 130°01.8' 45°54.4' 

T9115 24 JUN 1991 20 129°54.6' 46001.9' 
31 129°51.6' 46005.7' 
29 129°51.6' 46005.8' 
3 129°51.6' 46006.2' 
1 129°51.0' 46007.4' 

24 129°43.2' 46°16.9' 
17 129°43.2' 46°16.9' 
15 129°43.2' 46°17.0' 
25 129°43.2' 46°17.0' 
10 129°43.2' 46°17.2' 
2 129°42.6' 46°17.5' 
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TABLE 4 
VENTS 1992 

(MAY/JUNE 1992) 
TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LONGITUDE LATITUDE 
NAME OCCUPIED # (W) (N) 

1'9201 21 MAY 92 9 130°13.9' 44°55.4' 
10 130°13.9' 44°55.4' 
12 130°12.3' 44°59.2' 
16 130°12.1' 44°59.6' 
18 130°12.1' 44°59.6' 
2 130°11.6' 45°00.3' 
3 130°11.4' 45°00.7' 
14 130°10.7' 45°02.1' 
5 130°10.2' 45°02.8' 
6 130°06.5' 45°09.8' 

1'9202 21 MAY 92 17 130°11.4' 45°03.8' 
23 130°10.8' 45°03.8' 
13 130°10.8' 45°03.8' 
29 130°10.8' 45°03.8' 
27 130°10.8' 45°03.8' 
19 130°10.8' 45003.7' 
30 130°10.8' 45°03.6' 
11 130009.6' 45°03.4' 
24 130°08.4' 45°02.9' 

T9203 22 MAY 92 9 130°19.2' 45°01.7' 
10 130°18.0' 45°01.3' 
12 130°16.2' 45°00.8' 
16 130°15.6' 45°00.7' 
18 130°15.0' 45°00.5' 
2 130°14.4' 45°00.4' 
3 130°13.8' 45°00.1' 
14 130°12.6' 44°59.8' 
5 130°10.2' 44°59.3' 
6 130°08.4' 44°58.9' 

1'9204 23 MAY 92 18 130°21.0' 44°54.9' 
2 130°21.0' 44°54.8' 
13 130°19.8' 44°54.6' 
23 130°19.8' 44°54.4' 
17 130°18.6' 44°54.2' 
15 130°18.0' 44°54.0' 
6 130°17.4' 44°53.8' 
5 130°16.2' 44°53.5' 
14 130°15.6' 44°53.3' 
3 130°13.8' 44°52.9' 

1'9205 23 MAY 92 11 130°12.0' 44°59.5' 
30 130°12.6' 44°59.2' 

16 



TABLE 4 (Continued) 
VENTS 1992 

(MA Y IJUNE 1992) 
TOW NISKlN™ TRIP POSITIONS 

STATION DATE NISKlN LONGITUDE LATITUDE 
NAME OCCUPIED # (W) (N) 

19 130°12.6' 44°58.6' 
27 130°12.6' 44°58.0' 
29 130°12.6' 44°57.8' 
25 130°13.2' 44°56.6' 
22 130°14.4' 44°55.1' 
12 130°14.4' 44°54.2' 
26 130°15.0' 44°53.4' 
24 130°15.0' 44°53.3' 

T9206 24 MAY 92 21 130°18.6' 44°46.4' 
6 130°21.0' 44°41.1' 
5 130°21.0' 44°40.9' 
3 130°21.6' 44°40.4' 
17 130°21.6' 44°39.9' 
24 130°21.6' 44°39.8' 
18 130°21.6' 44°39.1' 
2 130°22.2' 44°38.8' 
13 130°22.2' 44°38.6' 
23 130°26.4' 44°30.8' 

T9207 25 MAY 92 22 130°26.4' 44°41.9' 
29 130°26.4' 44°41.9' 
12 130°25.8' 44°41.6' 
26 130°24.6' 44°41.2' 
11 130°24.0' 44°41.2' 
30 130°24.0' 44°41.1' 
19 130°23.4' 44°41.0' 
15 130°22.8' 44°40.7' 
9 130°21.6' 44°40.2' 

23 130°19.2' 44°39.2' , 

T9208 25 MAY 92 1 130°21.6' 44°39.3' 
2 130°21.6' 44°39.3' 
3 130°21.6' 44°39.4' 
4 130°21.6' 44°39.4' 
5 130°21.6' 44°40.7' 
6 130°21.6' 44°40.7' 
7 130°21.0' 44°40.9' 
8 130°21.0' 44°41.2' 
9 130°21.0' 44°41.2' 
10 130°21.0' 44°41.1' 

T9209 28 MAY 92 10 130°12.6' 44°58.1' 
14 130°12.6' 44°58.1' 
27 130°12.6' 44°58.1' 
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TABLE 4 (Continued) 
VENTS 1992 

(MAY/JUNE 1992) 
TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LONGITUDE LATITUDE 
NAME OCCUPIED # (W) (N) 

17 130°12.6' 44°58.2' 
1 130°12.6' 44°58.3' 
6 130°12.6' 44°58.3' 

24 130°13.2' 44°58.3' 
18 130°13.2' 44°58.3' 
3 130°13.2' 44°58.3' 
15 130°13.2' 44°58.3' 

T9210 08 JUN 92 15 128°03.0' 47°15.7' 
23 128°03.0' 47°15.7' 
19 128°03.0' 47°16.4' 
13 128°03.0' 47°16.9' 
14 128°03.0' 47°17.0' 
16 128°03.0' 47°17.2' 
9 128°03.0' 47°17.3' 
6 128°03.0' 47°17.7' 
3 128°03.0' 47°18.2' 
30 128°03.0' 47°18.6' 

T9211 09 JUN 92 27 127°35.4' 47°51.8' 
1 127°36.6' 47°51.7 

21 127°37.2' 47°51.6' 
2 127°37.2' 47 651.5' 
25 127°37.2' 47°51.5' 
10 127°40.8' 47°50.9' 
8 127°44.4' 47°50.2' 
5 127°44.4' 47°50.1' 
11 127°45.0' 47°50.1' 
26 127°45.6' 47°49.9' 

T9212 09 JUN 92 6 127°46.8' 47°42.6' 
23 127°46.8' 47°42.6' 
14 127°46.8' 47°42.6' 
16 127°46.8' 47°42.6' 
9 127°46.8' 47°42.6' 
18 127.°46.8' 47°42.6' 
30 127°48.0' 47°41.9' 
3 127°48.0' 47°41.8' 
13 127°48.0' 47°41.8' 
24 127°48.0' 47°41.8' 
17 127°48.0' 47°41.8' 
22 127°48.0' 47°41.6' 

T9213 10 JUN 92 1 127°43.8' 47°50.6' 
21 127°43.8' 47°50.6' 
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TABLE 4 (Continued) 
VENTS 1992 

(MA Y IJUNE 1992) 
TOW NISKIN™ TRIP POSITIONS 

STATION DATE NISKIN LONGITUDE LATITUDE 
NAME OCCUPIED # (W) (N) 

2 127°43.8' 47°50.6' 
25 127°43.8' 47°50.5' 
10 127°43.8' 47°50.5' 
11 127°44.4' 47°49.7' 
19 127°44.4' 47°49.7' 
15 127°44.4' 47°49.6' 
31 127°44.4' 47°49.6' 

T9214 10 JUN 92 22 127°33.0' 47°48.8' 
27 127°34.2' 47°49.4' 
24 127°34.8' 47°49.9' 
30 127°36.0' 47°50.8' 
31 27°36.6' 47°51.3' 
13 127°37.8' 47°51.9' 
17 127°38.4' 47°52.4' 
6 127°39.0' 47°53.0' 
9 127°40.2' 47°53.5' 
23 127°40.8' 47°54.1' 

T9215 10 JUN 92 20 127°44.4' 47°52.4' 
1 127°43.8' 47°50.7' 

21 127°43.8' 47°50.6' 
2 127°43.8' 47°49.9' 
12 127°43.8' 47°49.6' 
14 127°43.2' 47°49.6' 
10 127°43.2' 47°49.4' 
16 127°43.2' 47°48.6' 
29 127°43.2' 47°48.5' 
15 127°42.6' 47°47.9' 
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3.3 Individual Station Data 
The header on the data tables in Appendix A contains the station identification and 

consecutive cast number, the date the station was occupied, and the latitude and longitude of the 

station. The data is listed in rows by Niskin 1M bottle number and in 21. columns as follows: 

Column 1: Niskin 1M bottle number 

Column 2: Depth in meters 

Column 3: Depth in decibars 
Column 4: In situ temperature (OC) 

Column 5: Potential temperature (OC) 
Column 6: Temperature anomaly (OC) 

Column 7: Salinity-CTD (PSU) 

Column 8: Salinity-Bottle (PSU) 

Column 9: Attenuation (11m) 

Column 10: Attenuation anomaly (11m) 

Column 11: In situ density (CTD salinity) 

Column 12: In situ density (Bottle salinity) 

Column 13: Potential density (CTD salinity) 

Column 14: Potential density (Bottle salinity) 

Column 15: Filtered P04 

Column 16: Filtered Si04 

Column 17: Total suspended matter 

The lower left portion of each table displays the equation used to calculate the station's 
temperature anomaly and attenuation anomaly. 
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APPENDIX A: 

Station Data Tables 
VENTS 1991 
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