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ABSTRACT 

The largest single source of dissolved manganese to the oceans is seafloor 
hydrothermal circulation. "Fingerprints" from the inputs of Mn and other 
elements to the deep ocean can be used to find the origin of the vent water. 
Active seafloor hydrothermal vents can be associated with significant 
deposits of massive metal sulfide minerals. The Gorda Ridge, located 
approximately 130 miles off Southern Oregon and Northern California and 
within the US EEZ, has become a focus of studies on hydrothermal systems. 
The research reported here presents concentration data for Mn (determined at 
sea) and for Fe, Cu, Ni, Cd and Zn. These data include background 
environments and major hydrothermal "signals". Supporting data on thermal 
and suspended particle anomalies associated with active venting are also 
discussed. Together, the data sets demonstrate the presence of active 
hydrothermal venting along the Northern Gorda Ridge. 

iii 



STUDIES OF TRACE METALS AND ACTIVE HYDROTHERMAL VENTING 

ON THE GORDA RIDGE. 

I. INTRODUCTION. In this report, we will discuss the results of two 

research projects which investigated trace metal distributions in the water 

column at sites along the Gorda Ridge spreading center. The ridge is 

located approximately 130 miles off the Oregon and Northern California 

coasts and was the target of two research expeditions during 1985. The 

first cruise was on the NOAA Ship SURVEYOR (Edward Baker, Chief Scientist) 

as part of the NOAA VENTS program. The second cruise, funded by the 

Minerals Management Service through the Oregon Department of Geology and 

Mineral Industries (DOGAMI), was carried out on the R/V WECOMA (Robert 

Collier, Chief Scientist) and focused on specific sites at the northern 

Gorda Ridge where evidence of active hydrothermal venting was demonstrated 

on the SURVEYOR cruise. 

This research had two specific goals 

1) To help identify regions of active hydrothermal venting using towed 
instruments to detect thermal and particle anomalies coupled with 
ship-board analyses of manganese in seawater samples; 

2) To determine the distributions of manganese and other trace metals 
throughout the water column to assess the background concentrations and 
regional variability of these elements. 

All phases of this work were supported by the cooperative research efforts 

of scientists from Oregon State University (also supported by DOGAMI) and 

from NOAA, the USGS and the Univ. of Washington. These efforts were 

coordinated through the Gorda Ridge Technical Task Force. 

11. BACKGROUND. Over the past decade, studies of the chemistry and distri- 

bution of trace elements in seawater have become an important part of marine 

geochemical research. This has been possible through the development of 

non-contaminating materials and techniques for sampling, handling and 

analysis of seawater samples and through steady improvements in analytical 

techniques and sensitivities. The trace metals are sensitive tracers of 



many important biological and geochemical processes. Their distributions 

are also the focus of environmental concerns because anthropogenic activity 

is capable of altering the natural cycles of many of these potentially-toxic 

materials. An excellent compilation of the "state of the art" can be found 

in the book edited by Wong et al. (1983). 

Seafloor hydrothermal circulation is one of the major processes which 

affects the geochemical cycle of elements (especially metals) in seawater. 

A compilation of papers discussing a wide variety of hydrothermal processes 

at seafloor spreading centers car1 be found in the book edited by Rona et al. 

(1983). The major and minor element chemistries of these vent systems are 

discussed elsewhere (see Von Damm et al., 1985). 

The major input of manganese to the oceans is from hydrothermal fluids 

(Bender et al., 1977, Edmond et al. 1982) and the study of the geochemical 

cycle of Mn has been closely linked to that of hydrothermal circulation. 

However, Mn is also one of the more useful tracers of active hydrothermal 

venting and has been used as a "prospecting" tool since the first successful 

discoveries of seafloor hot springs (e.g. Klinkhammer et al., 1977). 

Detection of Mn "plumes" was a critical step in the search for the most 

recently discovered hydrothermal vents on the Mid-Atlantic Ridge 

(Klinkhammer et al. 1985). The unique properties of Mn that make it a 

powerful tracer are: 1) it is enriched in the primary vent fluids by a 

factor of -lo6 times that in deep ocean water; 2) its residence time in 

seawater is long enough to allow it to be detected a significant distance 

away from its injection point (unlike Fe or 222Rn) yet it is removed rapidly 

enough to prevent an accumulation of dissolved Mn in the deep ocean which 

would mask the local inputs (e.g. like Si); 3) its analysis is "relatively" 

simple, sensitive, and it is not as prone to environmental contamination 

during sampling as some other metals. 

A variety of other physical and chemical tracers of hydrothermal 

activity exist which have been applied at nearly all spatial and temporal 

scales in the oceans. One of the most obvious and sensitive tools is the 

detection of the thermal anomalies associated with the injection of these 

buoyant fluids near the seafloor (Weiss et al., 1977; Lupton et al., 1985). 

These anomalies have to be carefully interpreted in terms of the ambient 

temperature-salinity relationship which is often nearly linear near the 

depths of typical ridge crest inputs. These data are collected by a 



remotely towed device ("CTD") which carries sensors for conductivity 

(salinity), temperature and pressure (depth). Our research on the Gorda 

Ridge made extensive use of this tool. 

Another hydrothermal anomaly which can be detected in these plumes is 

fine suspended particulate material. This is injected directly by the vent 

or it precipitates from solution as the water cools and mixes with ambient 

seawater. The deep ocean contains low concentrations of suspended par- 

ticulate matter - on the order of 10-20 pg/liter - and the chemical 
composition of this material largely reflects its biogenic or crustal 

origin. Hydrothermal "plumes" contain significant increases in particle 

concentration and their composition is extremely enriched in metals 

(especially Fe and Mn). A common instrument added to the "CTD" is a trans- 

missometer or nephelometer to measure the absorbance or scattering of light 

by these suspended particles (Massoth et al, 1984). Preliminary survey work 

on the Gorda Ridge using the above mentioned techniques was previously 

reported by Massoth et al. (1982). 

111. METHODS. All phases of the collection, handling, storage and analysis 

of these samples for trace metal concentrations were carried out using 

demonstrated methods designed to eliminate contamination. Water samples 

were collected with acid-cleaned Niskin water samplers - including standard 
5 and 30 liter samplers fitted with all-silicone internal parts and 30 liter 

Niskin GOFLO-type bottles belonging to J. Trefrey (FIT). These samplers 

were usually deployed on the CTD-rossette and but in a few cases they were 

mounted directly on the stainless hydrowire. Numerous opportunities occur- 

red to compare the consistency of samples collected in parallel with these 

different samplers. In no case, for the metals analyzed in this work, were 

there any contaminations that could be traced to a specific sampler type. 

On the W8508AA, a standard Neil Brown Instrument Systems CTD (Mark III)/ 

rosette was used to collect all hydrographic data and most of the water 

samples. Samples for metal analyses were carefully and rapidly drawn from 

the Niskin bottles after they arrived on deck. All further handling of the 

samples was carried out in laminar flow clean hoods. 

Metal. analyses included two general preconcentration techniques - one 
for Mn and one for the other metals (Cu, Ni, Cd, Fe and Zn). All elemental 

concentrations were determined by atomic absorption spectrophotometry using 



a graphite platform furnace atomizer and appropriate background correction. 

Manganese was preconcentrated from 15 ml of seawater using an 8-hydroxy- 

quinoline/chloroform liquid-liquid extraction system (Klinkhammer, 1980). 

Back extraction from the solvent with 3N nitric acid resulted in a concen- 

tration factor of 3 0 .  Our detection limit was approximately 0.1 nmol 

Mn/liter seawater. Manganese samples were run at sea in support of the 

"prospecting" effort using a laboratory van which included our spectro- 

photometer. Other samples were run in the shore lab. All shipboard samples 

were analyzed within 3  hours of collection without acidification. 

Klinkhammer et a1.(1985) have shown that this fraction (termed "total 

reactive Mn" or TRM) essentially corresponds to the dissolved Mn. Samples 

stored for later analysis were acidified to pH 2  to prevent loss of Mn to 

the container. These values are referred to as "total dissolvable MnU(TDM). 

The other trace metals were preconcentrated using the method of Boyle 

et a1.(1981). The metals were co-precipitated from seawater with a 

cobalt-APDC complex. After centrifugation and removal of the seawater, the 

precipitate was digested/dissolved into a small volume of nitric acid to 

achieve a concentration factor of 30. 

IV. RESULTS. The results of these studies will be presented here in two 

sections. The first will cover samples collected from the NOAA Ship 

SURVEYOR and the second section will cover all CTD surveys and samples 

collected from the R/V WECOMA cruise (W8508AA). 

A. SURVEYOR Cruise (VENTS - Gorda Survey, RP-15-SU-85A). 
The SURVEYOR conducted leg I of the NOAA VENTS program with an 18 day 

cruise to the Gorda Ridge (May 6 - 2 3 ,  1985). A variety of techniques were 

used to determine the existence and distribution of active hydrothermal 

vents along the ridge axis (Fig. 1). A summary of the stations occupied is 

given in Table 1. Measurements made at sea by various co-investigators 

included hydrography; particulate matter loading (nephelometry); methane; 

dissolved Mn and 222Rn; particulate Fe, P, As, Mn, Zn, and Cu concentra- 

tions. We participated in the cruise to carry out Mn analyses and to col- 

lect samples for subsequent trace metal determinations in the lab at OSU. 
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Fig .  1. Map o u t l i n i n g  t h e  s t a t i o n s  occupied dur ing  t h e  NOAA Ship 
SURVEYOR c r u i s e  (VENTS - GORDA SURVEY, RP-15-SU-85A) i n  May, 1985. 
S t a t i o n s  numbered a r e  r e f e r r e d  t o  w i t h  a  "GRi/I1 p r e f i x  i n  t h e  t e x t .  
(map prepared by P .  Rona f o r  a  news i tem submit ted t o  EOS [Baker 
e t  a l . ,  19851).  



TABLE 1. STATION SUMMARY FOR SAMPLES COLLECTED DURING "VENTS - GORDA 
SURVEY" ON NOAA SHIP SURVEYOR, CHIEF SCIENTIST - DR. E. T. BAKER 

Dr. Robert W. Collier, P.I. 

STN# DATE SITE DESCRIPTION LATITUDE LONGITUDE DEPTH 
(meters) 

GR1 5/09/85 CASCADIA DEPRESSION 43"44.11N 128'41.3'W 3510m 

GR2 5/10/85 OFF-AXIS WEST 42'22.9' 127'23.3' 2693 

GR3 5/11/85 AXIAL, OFFSET BASIN 42O23.5' 127O04.4' 3201 

GR4 5/12/85 AXIAL, N. OFFSET BASIN 42'25.0' 126O56.7' 3204 

GR5 5/13/85 AXIAL, S. OFFSET BASIN 42'03.6' 127O08.3' 3485 

GR5A 5/19/85 (reoccupation of GR5) 42O03.4' 127O09.1 3666 

GR6 5/18/85 OFF-AXIS EAST 41°57.7' 126O35.9' 3497 

GR9 5/16/85 AXIAL, ESCANABA OFFSET 41°30.7' 127'26.7' 3438 

GRlO 5/15/85 N. ESCANABA 41°00.6' 127'31.2' 3322 

GR13 5/19/85 S. NARROWGATE 42'12.7' 127O05.4' 3037 

GR14 5/20/85 N. NARROWGATE 42O44.7' 126O43.7' 3007 

GRl5 5/20/85 N. AXIAL 42'57.1' 126'35.0' 3373 



A variety of the hydrothermal tracers previously discussed demonstrated 

the presence of active hydrothermal venting along the Gorda Ridge. The 

"strength" of the signals was generally weak at the southern end of the 

ridge system, intermediate in the central region, and relatively high near 

the northern end of the ridge axis. The major hydrothermal signals were 

found at the sites GR14 and GR15 and included T-S anomalies, strong light 

scattering layers, very high concentrations of Mn, 222Rn and particulate 

metals. These two sites became the object of the follow-up cruise with the 

WECOMA. 

Manganese. The concentrations of Mn determined at sea are presented in 

Figs. 2 and 3. Figure 4 presents overlays of these profiles to aid in their 

interpretation. The stations GR2, 5A, 6, and 9 (Fig. 4A) represent the 

background concentrations of Mn in the region. Stations 2 and 6 were col- 

lected off-axis with this intent; stations 5A and 9 were located on-axis but 

showed no evidence of hydrothermal Mn. These are "typical" pelagic profiles 

for the deep Pacific (Klinkhammer and Bender, 1980) and show very low 

mid-water concentrations (4.0 m o l  Mn/liter) with a steady increase near 

the bottom associated with benthic inputs and suspended nepheloid layers. 

Station GRlO (Fig. 4B) was the only station occupied in the Escanaba 

Trough. There is some evidence of elevated Mn concentrations indicating 

hydrothermal inputs. Station GR5 was located in the axial valley and GR5A 

was a reoccupation of the station several days later (Fig. 4C). There were 

significant hydrothermal signals present at GR5 which was located near the 

east axial wall. GR5A was located in the center of the axial valley and 

showed no evidence of hydrothermal Mn. These results demonstrate that the 

hydrothermal signals are spatially hetero~eneous and that the absence of a 

sienal - in a vertical profile does not eliminate the possibility of near-by 

hydrothermal circulation. 

Stations GR13, 3, 14 and 15 (Fig. 4C) were located in the northern 

axial valley. The two northern stations, GR14 and GR15 show remarkable Mn 

maxima which are equivalent to those found associated with "black smoker" 

vent fields (Lupton et al. 1980). The vertical structure seen in the hydro- 

thermal Mn at GR14 was directly matched by thermal and suspended particle 

"spikes". 

Other Metals. GR6 was chosen as a background station off-axis (to the 

east). The concentrations of trace metals for the deep-waters at this site 

are presented in Fig. 5. All of these values represent the commonly ex- 
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Fig .  4 .  Line-drawings over lay ing  manganese p r o f i l e s  from s p e c i f i c  
s t a t i o n s .  Group A (GR2,5A,6,9) r e p r e s e n t  t h e  bes t  e s t i m a t e  of 
"background" c o n c e n t r a t i o n  and v a r i a b i l i t y .  Group B (GR9,lO) a r e  
from t h e  nor thern  Escanaba Trough. Group C (GR5,5A) a r e  from t h e  
a x i a l  v a l l e y ,  sou thern  o f f s e t  bas in .  S t a t i o n  5A i s  a  reoccupa t ion  
of 5  taken 6 days l a t e r  and i s  pos i t ioned  i n  t h e  c e n t e r  of t h e  v a l l e y  
(5  was t a k e n  on t h e  e a s t  w a l l ) .  Group D (GR3,13,14,15) a r e  from t h e  
nor thern  a x i a l  v a l l e y  and inc lude  t h e  major water column anomalies.  
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pected concentrations of these metals in the North Pacific (e.g. Bruland 

1980; Gordon et al. 1982). The concentration data for Fe and Zn represent 

some of the few analyses of these metals available for the Pacific Ocean. 

We also analyzed water samples from the complete water column at station 

GR13 and these results are shown in Fig. 6. The vertical distribution of Mn 

shows a broad maximum centered at 2000 meters depth. This is too shallow to 

be associated with any local inputs from the Gorda Ridge but it is at the 

same depth as the major hydrothermal plume on the Juan de Fuca Ridge, 

located over 300 miles to the north (Massoth et al, 1982, Lupton et al, 

1985). It is possible that Mn is transported along isopycnals and this 

would be similar to the broad helium concentration maximum seen in the 

region. 

The concentrations of other metals in the two hydrothermal plumes are 

shown in Figs. 7 and 8. Large hydrothermal inputs of Mn and Fe are apparent 

at both stations although the ratio of Fe/Mn is lower at GR14. The upcast 

collected at GR15 showed that the CTD had moved out of the plume after 

drifting 2 km to the southwest. This variability is similar to that 

demonstrated at GR5. No other strong hydrothermal inputs of metals were 

observed. There is some indication of the removal of Cu, Ni and Cd from the 

water column under the hydrothermal plume at GR15 (Fig. 8) which might 

reflect scavenging of these metals by the hydrothermal iron amd manganese 

oxides. 

B. WECOMA Cruise (W8508AA). 

In an attempt to locate the origin of the hydrothermal signals 

discovered during the SURVEYOR cruise, the Gorda Ridge Technical Task Force 

recommended another cruise to the northern sites GR14 and GR15 (Fig. 9). 

This cruise (August 1-7, 1985) was schedule to conclude before the USGS 

cruise to the area on the R/V LEE in hopes of providing better targets for 

camera and dredge sampling. The samples collected on the WECOMA cruise 

included extensive CTD work with rossette samples; hydrocasts; and gravity 

cores. In order to maximize areal coverage with the CTD, we raised and 

lowered the instrument through the bottom 400 meters of the water column 

while making headway with the ship (-1 kt). This "harrowing" yet very 

successful procedure (which gives most CTD owners nightmares) has been named 

"tow-yoing". The station positions for this cruise are outlined in Figure 

10 and the specific activities are given in Table 2. 
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Fig. 9. Reproduction from Seabean data of the northern Gorda Ridge 
hydrothermal sites identified during the SURVEYOR cruise and reoccu- 
pied during the WECOMA cruise (W8508AA). 



Northern Gorda Ridge Hydrothermal Survey 
R/V WECOMA ( W 8 5 0 8 A A )  8/1-7/1985 

Fig. 10. Bathymetric map (reproduced from Fig. 9) including 
stations occupied during W8508AA in August, 1985. Solid 
lines are the tracks of "two-yo'd" CTD casts, hydrocasts are 
noted as IIC//, SURVEYOR stations GR14 and GR15 are noted in 
circles, a bathymetric transect (12 kHz) was run (Fig. 11) 
and is shown with a wavey line marked "A" - "B". 



TABLE 2. W8508AA 

STATION DATE 

GC 1 8/2/85 

CTDl 

CTD2 

HYDRO1 8/3/85 

GC2 

GC3 

CTD3 

CTD4 

GC4 8/4/85 

GC5 

CTD5 

HYDRO2 8/5/85 

GC6 

CTD6 

HYDRO3 

GC7 

CTD7 

(CTD8 aborted) 

CTD9 8/6/85 

GC8 

GC9 

HYDRO4 

CTDlO 

CTDll 8/7/85 

HY DRO5 

CTD12 

POST-CRUISE STATION SUMMARY 

TIME (GMT) LAT LONG 

1145 42'43.6' 126O43.8' 

1458 44.42 40.60 

2245 46.0 38.9 

0535 44.9 42.3 

0820 44.6 42.9 

0959 43.2 43.7 

1422 47.16 38.61 

2057 49.4 36.9 

0830 42O56.6' 126'32.1' 

1113 56.5 32.1 

1448 57.46 29.45 

0338 42O46.2' 126O39.12' 

0555 57.3 34.2 

0745 58.9 34.6 

1514 56.88 34.59 

1758 55.9 36.2 

2118 56.30 31.87 

COMMENTS 

no core 

10 casts, 12 samples 

10 casts, 12 samples 

8 samples 

no core 

no core 

10 casts, 12 samples 

13 casts, 12 samples 

119 cm from 3109111 

155cm from 3109111 

23 casts, 12 samples 

8 samples 

107cm from 3412111 

10 casts, 12 samples 

8 samples 

no core 

12 casts, 12 samples 

8 casts, 12 samples 

184cm from 3162m 

227cm from 3096111 

8 samples 

8 casts, 12 samples 

9 casts, 12 samples 

8 samples 

2 casts, 12 samples 



Thermal Anomalies. Over 111 "tow-yoed" casts were made with the CTD at 

stations GR14 and GR15. Numerous small temperature anomalies were detected 

as well as several large anomalies. The strongest thermal anomalies were 

sampled on CTD casts near station GR14. These included CTD2, CTD11, and 

CTD12 near the bathymetric section shown in Figure 11. Notice that these 

signals are clearly lifted well off the bottom (>200 meters) which may 

suggest they are expressions of a hydrothermal input which carries consider- 

able buoyancy flux (Lupton et al, 1985). Figure 12 shows temperature, 

salinity, and light transmission data for a typical "background" station. 

The full water column potential temperature and salinity data are shown on 

the left hand side of the figure. These are typical data for the the North 

East Pacific. The right hand side of Figure 12 shows the same properties 

over an expanded (near-bottom) depth range. Potential temperature ( 0 )  and 

salinity are linearly related over these depth ranges (Fig 10, bottom 

right). Any significant input of hydrothermal fluids to the deep ocean will 

dramatically alter these simple relationships. In order to remove "0-Sn 

variations from the potential temperature signal and to amplify the hydro- 

thermal signal, it is now common practice to subtract the "anticipated" 

temperature (calculated from the measured salinity) from the the measured 

temperature. The result is an estimate of the "temperature anomaly" present 

due to hydrothermal inputs. Figure 13 is a cast from CTDll which shows the 

strongest anomaly sampled (-30 millidegrees). Figure 13A and B are examples 

of the real-time data available on the ship as the tow proceeds. The linear 

0-S relationship is dramatically altered (Fig. 13C). High particle concen- 

trations are also associated with this hydrothermal layer as evidenced by a 

drop in light transmission. Even though this plume appears to be rising in 

in the water column as seen in progressive casts, it is dynamically stable 

(no density inversions) which suggests it has probably reached its equili- 

brium isopycnal depth. Notice that the anomaly in Fig. 13D is made up of 

both higher temperature higher salinity water. Salinity normally 

increases with depth in this environment. As the warm, buoyant water rises, 

it mixes with this water resulting in a dynamically stable mixture of 

saline, warm water. 

Manganese. - Samples were collected from these plumes for dissolved Mn 

and other metal analyses. All Mn deteminations were performed on acidified 

samples within 36 hours of returning into Newport, Oregon on the WECOMA. 

Fig. 14 shows a vertical profile of Mn concentrations taken during CTDl2 at 



Fig. 11. Bathymetrtic transect (12 kHz record) running normal to the ridge 
axis {west to east) through 6814. Region of hydrothermal anomalies detected 
on CTDll and 12 is shown. Point A on the line is located at 42'46.06'N and 
126O43.85'W. Point B is at 42"44.61nN and 126"37.4g1W. See Fig. 10. 
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Fig. 12. General temperature, salinity and transmissometry data fron 
CTDlO in the central axis of the north basin (Fig. 10). This station 
represents a good "background" data set. See text for discussion of 
parameters. 
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Fig. 13. Potential temperature, salinity and light transmission data from 
station GR14 (Collected 8/6 /85 from R/V WECOPIA). Parts A and R are copies 
of the video output available on board during the actual CTD cast and C and 
D are plots of the complete digitized data set for one cast. 'IT-ANOM" 
represents the deviation of the water mass from the ambient T-S systematics 
expressed in temperature units (see text). It can be seen from the data in 
D that this anomaly is dynamically stable and contains warm, high salinity 
water entrained as the plume rises from its source. 
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Fig. 14. Reactive Mn concentrations in s n i t ~ ~ ) l e s  collected during CTD12 
(cast 2, up). The right side of the figure is data similar to Fig .  13 
(top). Note that the strong thermal anomaly detected on the down cast 
was significantly weaker (and somewhat higher in the water column) during 
the upcast when the samples were ~ollected. Tlie "dots" running horizon- 
tally across this record are due to CTD noise generated when tripping 
sample bottles. 



station GR14. Also shown are the temperature anomalies and transmissometer 

data in the plume. The deep water around the site shows ubiquitous high 

concentrations of Mn with higher concentrations within the major temperature 

anomalies. 

Other Metals. The concentrations of the other trace metals sampled 

during CTD12 are shown in Figure 15. Again, significant inputs of Mn and Fe 

are seen with little or no enrichment of other metals. 

Several wire hydrocasts were collected for 222Rn analysis (D. Kadko, 

OSU) and the concentrations of Mn in these profiles are presented in Fig. 

16. Very high Mn was detected in hydrocast #4 (east of GR15) and this was 

associated with with the highest radon counted during the cruise. Since 

222Rn has a half-life of only 3.6 days, these samples must have been 

collected close to an active or very strong source (see open file report by 

D. Kadko). Although the strongest temperature anomalies were sampled at 

GR14, the GR15 site was surveyed much less extensively and signals such as 

this radon data suggest that it may have similar or greater hydrothermal 

inputs. A tabulated summary of all metal concentrations is given in the 

Appendix. 

V. CONCLUSIONS A large set of seawater samples were collected at the 

Gorda Ridge spreading center and analyzed for dissolved and total Mn, Fe, 

Cu, Ni, Cd and Zn. Conclusive evidence of active hydrothermal venting was 

demonstrated by numerous concentration anomalies for Mn and Fe. There were 

no detectable inputs of other trace metals. The background concentrations 

and regional variability was established for all of these metals in the 

Gorda Ridge survey area. These metal data are supported by a large amount 

of other physical and chemical measurements, all of which show significant 

hydrothermal effects. 
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APPENDIX I 

This Appendix lists pertinent data from both the Surveyor (NOAA) 
and Wecoma (OSU) Gorda Ridge cruises. Stations listed are Surveyor- 
GR1,2,3,5,5A,6,9,10,13,14,15 and Wecoma-CTD6,11,12 - Hydrocasts 1,2,4,5. 

Depths, in meters, below the ocean surface are listed as negative 
numbers. Metal concentrations are nM (nmol metallliter seawater). 

Wecoma Station 11 (CTD11) contains metal analysis of filtered and 
unfiltered samples. Dissolved iron concentrations are generally 25% 
less than particulate iron levels. Other metals show no significant 
variation between dissolved and particulate metal concentrations. 

Radon data given in Wecoma hydrocasts are from Dr. D. Kadko, 
College of Oceanography, OSU. 
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