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The >'Pb /Pb ratios across two sulfide samples dredged from the Juan de Fuca Ridge are used to estimate the growth
rate of the sulfide material and the residence time of the hydrothermal fluid within the oceanic crust from the onset of
basalt alteration. >'“Pb is added to the hydrothermal fluid by two processes: (1) high-temperature alteration of basalt
and (2) if the residence time of the fluid is on the order of the 22.3-year half-life of *'®Pb, by in-situ growth from ***Rn
(Krishnaswami and Turekian, 1982). Stable lead is derived only from the alteration of basalt.

The *'°Pb/Pb ratio across one sample was ~ 0.5 dpm /10~ g Ph, and across the other it was ~ 0.4 dpm /10~ ° g Pb.
These values are quite close to the 2>*U/Pb ratios of basalts from the area, suggesting that the residence time of the
hydrothermal fluid from the onset of basalt alteration is appreciably less than the mean life of “''Pb. i.c.. the time
required for ingrowth from the radon.

An apparent growth rate of 1.2 cm/yr is derived from the slope of the 2! Pb /Pb curve for one of the samples. This is
consistent with its mineralogy and texture which suggest an accretionary pattern of development. There is no obvious
sequential growth pattern, and virtually no gradient in *'®Pb/Pb across the second sample. This is consistent with
alteration of the original 2'"Pb/Pb distribution by extensive remobilization reactions which are inferred from the

mineralogic and textural relationships of the sample.

1. Introduction

The discovery of large chemical anomalies in
the hydrothermal fluids which emanate from vents
associated with seafloor spreading centers has had
a significant impact on our understanding of the
chemical budget of the ocean [1,2]. To compre-
hend the influence of seawater hydrothermal sys-
tems on the composition of ocean water, it is
necessary to understand the rate, duration, and
possible periodicity of hydrothermal activity at
individual vents, as well as the residence time of
ocean water within these systems. Similarly, the
significance of the very high rate of heat loss via
the black smoker vents, as it pertains to the ridge
crest heat budget and possibly the lifetime of the
axial magma chamber, depends on how long such
activity persists at a given locality [3-5].

Sulfide chimney or chimney-type fragments
from the East Pacific Rise at 21°N and the Juan
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de Fuca Ridge are found to contain significant
quantities of Cu, Zn, Ag, and Cd [6-9]. From a
resource perspective, it is desirable to know how
the vent sulfide material forms and how rapidly it
accumulates. The preservation of massive sulfide
deposits on the seafloor is dependent on the nature
of the depositional mechanisms, the rates of accu-
mulation by these mechanisms, and on the rate of
chemical weathering prior to burial.

The substantial excess *'°Pb (1, , =22.3 years)
over its parent “*°Ra (7, ,, = 1622 years) found in
hydrothermal vent material is a potential tool for
determining the growth rate and lifespan of such
deposits. Finkel et al. reported significant excess
21°Ph concentrations in sulfide precipitates and
vent material from the East Pacific Rise (EPR) at
21°N [10]. These authors compared the *'°Pb and
219Po contents of active and inactive vent material
and suggested that the cycle of buildup, cessation,
and decay by oxidation of these sulfide chimneys
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is measured in tens to a few hundred years. Lalou
and Brichet treated the *'“Pb/Pb ratio of venting
particles as an initial ratio and compared this to
the *'"Pb /Pb ratio measured on vent wall material.
Assuming instantaneous growth of the chimneys,
they found the age of several active vents to be on
the order of tens of years [{11]. Chung et al. mea-
sured the *'Pb/Pb ratio across a vent wall and
suggested that the growth of such deposits could
occur in tens of years or less [12]. These relatively
rapid growth rates are consistent with the steep
temperature and chemical gradients found at many
discharge sites, and with some visual observations
[13]. The ages of molluscs collected near hot springs
of the Galapagos Rise and the EPR at 21°N have
been found to range from 3 to 27 years [14-16].
These ages suggest that some vents may indeed be
short-lived on a geologic time scale.

Excess *'°Pb in the hydrothermal fluid may also
be used to determine the residence time of the
hydrothermal fluid within the crust. Krishnaswami
and Turekian measured the concentration of 2'“Pb
in vent waters of the Galapagos Rise and sug-
gested that when compared to the rate of *'°Pb
production from in-situ ***Rn decay and basalt
alteration, this information could yield an estimate
of the crustal residence time of the hydrothermal
fluid from the onset of basalt alteration [17].

In this work, we present *'°Pb data for two
suifide and four basalt samples dredged from the
Juan de Fuca Ridge. The *°Pb/Pb ratios, along
with the mineralogic, textural, and chemical char-
acteristics of the sulfides, is used to estimate vent
growth rates, fluid residence time, and possible
growth histories of these deposits.

2. Sample location

The sulfide samples analyzed in this work were
recovered from two locations on the Juan de Fuca
Ridge (JDF) (Fig. 1). Sulfide material was dredged
from the southern Juan de Fuca Ridge (44°40'N,
130°22'W; water depth 2200 m) in September
1981 by the U.S. Geological Survey vessel “S.P.
Lee” [8,9,18], and from the Endeavour segment of
the JDF, north of the Cobb Offset (47°57'N,
129°06'W; water depth ~ 2200 m) in October
1982 by the University of Washington research
vessel “T.G. Thompson” [19-22]. Observations
conducted from DSRV “Alvin” during the Uni-
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Fig. 1. Location of samples from the Juan de Fuca Ridge
analyzed in this study. Sulfide samples are indicated by a star,
basalts by a solid square. Contour lines indicate the magnetic
anomaly pattern, in gammas [37]. Stippled area is + 500 gam-
mas.

versity of Washington’s expedition to the En-
deavour site in 1984 contributed to the interpreta-
tion of our data. The locations of the basalts
analyzed in this work are also indicated in Fig. 1.

3. Methods

Mineral identifications and textural interpreta-
tions were made using reflected and transmitted
light microscopy, scanning electron microscopy,
electron microprobe, and X-ray diffraction tech-
niques. Polished thin sections for petrographic
studies were prepared along transects perpendicu-
lar to layering in the southern JDF and Endeavour
sulfide samples (Fig. 2). Details of the mineralogic



studies are presented elsewhere [9,21,22].

The #'°Pb analysis of the sulfides and basalt
material was made by counting its daughter prod-
uct, *"’Po (1, =138.4 days). Finkel et al. have
shown that disequilibrium may exist between *'°Pb
and *'"Po in venting sulfide particles [10]. How-
ever, the samples within this study were not fresh
particles but were from seafloor constructional
sulfide deposits and were analyzed for the
polonium 1-2 years after the collection date. Dur-
ing this time, any *'°Pb-?'°Po disequilibrium would
be largely eliminated. Approximately 200 mg of
each sulfide subsample (obtained along the same
transect from which the thin sections were pre-
pared) was dissolved in a mixture of HNO;,
HCIO,, and HF to which approximately 25 dpm
2%8po standard was added. After the solution was
first purged of radon, it was enclosed for a known
period of time, and the ingrown radon collected
and counted to determine the **Ra content. The
radon is counted within a zinc-sulfide cell housed
against a photomultiplier tube. The solution was
then taken to dryness, redissolved in 1.5N HCI,
and the polonium was directly plated onto a silver
disk which had been placed onto the bottom of the
beaker. The disk was removed, rinsed with dis-
tilled water, dried, and placed in an alpha spec-
trometer system consisting of a silicon surface-bar-
rier detector and a multi-channel analyzer. Details
of these procedures can be found elsewhere [23,24].
Lead in the sulfides was determined on duplicate
subsamples by atomic absorption spectrometry.

The U, Th and Pb concentrations in basalts
were determined by isotope dilution mass spec-
trometry. About 100 mg of sample was decom-
posed in a teflon vial using HF-HNO, to which a
205pb-2B3U +2U-Th tracer was added. Pb was
separated using anion exchange chromatography
(100 pl resin volume) in a 1.2 N HBr medium. U
and Th were separated by an anion exchange resin
in a 7N HNO,; medium. Details of this procedure
are given by Tatsumoto and Unruh [25]. The #*°Th
and ***Th were also analyzed by alpha spectrome-
try. Samples of 1-3 g were dissolved with HF-
HNO, to which a ***Th tracer was added. The Th
was separated in a 7¥ HNO,; anion exchange
column and plated onto stainless steel disks. This
method is described in detail by Newman et al.
[26]. Though the small sample size (<3 g) pre-
cluded great sensitivity, the ***Th determinations
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by this method were not greatly different from
those values obtained by mass spectrometry (Table
1).

4. Composition, texture, and growth mechanisms
4.1. Southern Juan de Fuca Ridge sample
The massive sulfide sample from the southern

Juan de Fuca Ridge (WF-22D-6) is an angular
slab approximately 8 cm in thickness, composed

largely of granular, dark gray layers rich in Zn

sulfide (sphalerite + wurtzite) with thin interlayers
and a crust of Fe sulfide (pyrite + marcasite) (Fig.
2a). The Fe-sulfide crust is constructed from over-
lapping arcuate segments, with the underturned
layer extending a short distance into the zone rich
in Zn sulfide. The thin (~30 pm) veneer of

Fig. 2. (a) Cross section of southern Juan de Fuca sample
WF-22D-6 showing sampling transect. (b) Cross section of
Endeavour sample TT-170-66D-A1 showing sampling transect.
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orange-red Fe oxide on the Fe-sulfide crust indi-
cates that this surface was in contact with seawater
while on the seafloor. The bottom surface of the
Fe-sulfide crust and the Fe-sulfide interlayers have
corroded outlines and are partly replaced by Zn
sulfide. The interlayers show a progressive de-
crease in thickness and an increase in corrosion
and replacement towards the sample core.

In contrast to the Fe-sulfide outer crust, the
opposing Zn-sulfide-rich inner surface is granular
and unaltered. The Zn-sulfide phases exhibit a
range of textures that result from open-space de-
position and replacement of pre-existing sulfide
minerals [8]. Textural and mineralogical variations
within the Zn-sulfide layers include (1) an increase
in the ratio of wurtzite to colloform sphalerite; (2)
a decrease in Pb-sulfide minerals; (3) an increase
in chalcopyrite; and (4) a coarsening of grain size
(of wurtzite and chalcopyrite) toward the core of
the sample.

This sample is interpreted to be a fragment
from the wall of a sulfide chimney formed at an
active or recently active vent site. Koski et al. have
proposed that the layering as well as the textural
and compositional variations are the result of de-
position during episodes of recurrent mixing of
discharging hydrothermal fluid and cold ambient
seawater [9]. These authors suggest that quench
deposition from the initial mixing of seawater and
hydrothermal fluid results in a coherent shell of
fine-grained, colloform Fe and Zn sulfide enclos-
ing an open network of anhedral sphalerite grains.
Thickening of the shell (by outward growth of
colloform Fe sulfide and inward growth of col-
loform Zn sulfide) inhibits the influx of seawater,
and the assemblage of euhedral sphalerite, wurt-
zite, and chalcopyrite is deposited under condi-
tions of increased temperature and decreased pH,
/s, and fo,. These higher-temperature minerals
replace earlier formed pyrite, sphalerite, and Pb
sulfide. The textural progression from colloform
and fine-grained sulfide to coarser-grained,
euhedral sphalerite and wurtzite indicate a change
from rapid crystallization promoted by sudden
changes in fluid composition and decreases in
temperature to slower crystallization under rela-
tively stable conditions within the sulfide shell.

The multi-layered structure results when high-
temperature vent fluid escapes through the sulfide
wall, initiating a new cycle of mixing and deposi-

tion of a secondary shell rich in Fe sulfide. The
corroded appearance of previously deposited
sphalerite, galena, and pyrite indicates that these
phases undergo re-equilibration with higher tem-
perature fluid; metals (Fe, Pb, and Zn) solubilized
at the higher temperatures migrate outward to be
redeposited in each newly formed secondary sulfide
shell. Fe-sulfide crusts formed earlier are partly
consumed, and corroded remnants become incor-
porated as thin bands during cyclical growth of
the sulfide wall.

4.2. Endeavour sulfide sample, northern Juan de
Fuca Ridge

The sulfide sample dredged from the En-
deavour segment of the Juan de Fuca Ridge (TT-
170-66D-A1) lacks open channelways and has
greater textural complexity than the southern JDF
sample (Fig. 2b). This sample is a representative
portion of the very large, massive sulfide structures
(up to 20 m high, 30 m long, and 10-15 m across)
that were observed during DSRV “Alvin” dives to
the area in 1984 and does not include any individ-
ual chimney-like spouts [21,22]. Tivey and Delaney
suggest that these sulfides have undergone a more
complex and evolved history than the southern
JDF samples and recognize four distinct textural
zones within the sample [21,22]. Zone 1 is a thin
(2-3 mm) porous shell composed of fine-grained
colloform, dendritic marcasite and interstitial
barite and amorphous silica. This outer shell en-
closes a dense 1-cm-thick area (zone 2) where
disequilibrium textural relationships predominate.
There is a fine-grained assemblage of intergrown
pyrrhotite (partly resorbed and replaced by pyrite),
marcasite, wurtzite, and chalcopyrite. Zone 3, ap-
proximately 10 cm thick, is characterized by intri-
cate mineralogical layering that exhibits crosscut-
ting relationships and by a complex alternation of
bands rich in Zn sulfide and Fe sulfide. Textural
zone 4 forms the inner portion of the sample and
is a much coarser-grained, porous aggregate of
pyrite and marcasite with minor wurtzite and Cu-
Fe sulfide.

Tivey and Delaney [22] suggest that the size and
complexity of the Endeavour dredge sample can
be accounted for by two distinct phases of growth.
Phase 1 is analogous to chimney construction at
21°N and the southern JDF in which there is



growth centered around a high-temperature flow.
This phase is also observed at the Endeavour site
but occurs on top of, or extending out the side of,
previously deposited massive sulfide structures.
Zone 2 is interpreted to be a remnant of the
original quench-textured sulfide wall. The termina-
tion of this phase occurs when fluid channels close
and flow is redirected. Zone 3 represents fossil
hydrothermal flow channels; sealing of exit ports
may cause the intricate layering observed in this
zone. At this point, vigorous throughflow of hy-
drothermal fluid is replaced by a diffuse flow
through the enclosing walls; such flow was com-
monly observed emanating from the massive struc-
tures during the 1984 “Alvin” program. This flow
and associated conductive cooling results in the
deposition of amorphous silica in the outer por-
tions of the existing structure (zone 1), which acts
to solidify or “cement” the structure, and in the
deposition of porous, coarse-grained Fe-sulfide
within the inner portion of the sample (zone 4).

Although both the southern JDF and En-
deavour samples are fragments of constructional
sulfide deposits formed at a hydrothermal vent,
their textural characteristics reveal different growth
mechanisms. The southern JDF sample is similar
to chimney samples from 21°N [27-30] that dis-
play an outward zonation from a high-temperature
core to a lower-temperature rim assemblage of
minerals. It appears to have formed by a series of
outward accretions that result in a cyclical growth
pattern. Layering in the Endeavour sample is more
complex, suggesting a more evolved growth his-
tory. There is no concentric growth pattern, and
there is a lack of open fluid channels. Although a
simple growth pattern may have existed in early
stages of sulfide deposition (phase 1), the primary
zonation may have been obliterated by the plug-
ging of fluid channels and the redirection of fluids
and by mineral deposition “overprinting” during
cooling of the hydrothermal fluid by conduction.
This later stage of diffuse flow (phase 2) may not
only account for the greater textural complexity of
the Endeavour sample but also provides a mecha-
nism for the growth of the very large, solid struc-
tures that were observed at that site [22].
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5. 2'°Pb in the hydrothermal system

219 is added to the hydrothermal fluid by (1)
high-temperature alteration of basalt and (2) if
the residence time of the fluid within the crust
from the onset of basalt alteration is on the order
of the 22.3-year half-life of *'°Pb, by in-situ growth
from **Rn (3.83-day half-life) in the hydrother-
mal fluid, [17]. Stable lead in the fluid comes only
from the alteration of basalt [31]. If it is assumed
that the uranium content of basalts is approxi-
mately 0.1 dpm/g, that secular equilibrium exists
between U and ?'°Pb, and that the water /rock
mass ratio is 3, the concentration of *'°Pb in the
hydrothermal fluid resulting from basalt alteration
alone would be about 33 dpm/kg. Measurements
of very high radon concentrations in ridge crest
vent waters, on the other hand, indicate that the
?19Phb concentration resulting from in-situ growth
could be much higher. Dymond et al. [32] ex-
trapolated the low-temperature Galapagos vent
radon values to 350°C end-member activities of
10°-10* dpm /kg, though they suggested that these
high extrapolated values were an artifact of radon
input during low-temperature fluid-crust interac-
tion. From the high-temperature 21°N vents, how-
ever, Kim and Finkel extrapolated radon measure-
ments on dilute samples to a 350°C end-member
activity of 320 dpm/kg [33], and recently at the
DSRYV “Alvin” study site on the Endeavour seg-
ment of the Juan de Fuca Ridge, radon activities
over 800 dpm/kg were measured on vent waters
which exceeded 300°C {34]. Using the Endeavour
radon value, the ?'Pb concentration from in-situ
growth from radon would be 800 (1—e™*")
dpm/kg, where 7 is the residence time of the fluid

Pb (ppm)

Fig. 3. Uranium and lead concentrations of basalt from the
Juan de Fuca Ridge (circles—Church and Tatsumoto [35];
triangles—this study). Parentheses give U /Pb ratio of lines in
dpm U/ug Pb.
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TABLE 1

Uranium, thorium, and lead analyses on several basalts dredged from the Juan de Fuca Ridge

Sample No. #OTh® H10pp 2 BIThP H2Th® ub Pb®
(dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (ppm)

TT-152-11 0.18+0.03 0.20+0.01 0.123 +0.002 0.14+0.02 0.131 +0.002 0.461 £0.001

47°32.5'N, 128°57.8'W 0.458 £ 0.001

(2640-2690 m)

TT-152-21 0.23+0.03 0.24+0.02 0.108 +0.001 0.15+0.02 0.129 +0.002 0.721 +0.001

46°55.5'N, 128°15.7W 0.725 £0.001

(2410-2520 m)

TT-152-37 0.64+0.03 0.41+£0.03 0.147 +0.002 0.11+0.01 0.161 +0.002 0.537+0.001

44°37.1'N, 130°23.4'W 0.520+0.002

(2235-2240 m)

L1181WF-22-23 0.29+0.04 0.31+0.02 0.112+£0.001 0.16+0.03 0.132 +0.002 0.53240.001

44°40.3'N, 130°21.6'W 0.523+0.001

(2208 m)

* Analysis by alpha-spectroscopy; errors are lo counting statistics.

® Analyses by isotope dilution mass spectrometry. Duplicate analyses were made for Pb. The differences in Pb concentration between
duplicate runs are probably due to sample heterogeneity of different chips rather than analytical errors.

and A is the decay constant of *'Pb (0.031 yr ).
Therefore, if 7 is significant with respect to the
half-life of 2'°Pb, in-situ growth from radon in the
hydrothermal fluid would be the major source of
the 2'"Pb. Krishnaswami and Turekian [17] noted
then that the *'°Pb activity of debouching vent
water could be used to estimate the residence time
of the hydrothermal fluid. They recognized, how-
ever, that the extremely low '°Pb activities of
their Galapagos samples were probably due to
precipitation of Pb within the system. This effect
would result in an underestimate of the *'°Pb
activity and, consequently, the value of 7. For this
reason, *'Pb measurements normalized to stable
lead would be more useful. Such measurements
could be performed on the sulfide deposits which
form directly from the venting fluid.

5.1. *'°Pb / Pb from the basalt source

To estimate the 2'°Pb /Pb ratio to be expected
in the sulfide deposit from the basalt alteration
process alone (i.e., T = 0), the U /Pb ratio of basalt
samples dredged from the JDF area are plotted in
Fig. 3 [35] (Table 1). It is assumed that '°Pb is in
secular equilibrium with uranium in the basalt.
Values of the 2 Th/U activity ratio measured on
ridge basalts are generally greater than unity but
less than 1.5 [26,36] (see also Table 1). High values
may be attributed to seawater contamination [26].

For our purposes, this disequilibrium is not signifi-
cant, and the assumption that U/*'°Pb =1 does
not introduce appreciable error. From Fig. 3, it is
seen that the (U/Pb), ... (hence (*'°Pb/Pb),,...)
ratio is <0.55 dpm U/107° g Pb. If the sulfide
*'Pb /Pb ratio is similar to this, the major source
of ?'’Pb to the system must be the basalt source
and not in-situ growth from radon.

5.2. ?'°Pb / Pb from in-situ growth

The growth of the '’Pb/Pb ratio from in-situ
radon decay, as a function of 7, is shown in Table

TABLE 2

Growth of 2" Pb from 2**Rn decay in the hydrothermal system

78 20Pp  activity ® Hopp, /30Pp ¢
(years) (dpm/g)
1 0.24 X Pb 1.7
5 12 xPb 46
10 2.1 XPb 7.4
20 3.7 xPb 122

* 7= residence time of the hydrothermal fluid from the onset

of basalt alteration.

® 219p} in sulfide from radon source, calculated from 8.0
(1 —e~*7)x Pb where the 2>2 Rn concentration is 800 dpm/kg;
A = decay constant of 210pp (0.0311 yr"); Pb = sulfide lead
concentration (ppm).

¢ 219ph = total 2"Pb in sulfide =2""Pbg +2'Pby; 2'9Pby
=219Pb from basalt source only,
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Fig. 4. The 2'°Pb/Pb ratio expected in a hydrothermal fluid
and associated sulfide deposits (assuming U and 210ph in the
basalts to be in secular equilibrium) under several conditions:
When 7. the residence time of the fluid, equals zero the
21”Pb/Pb ratios (in parentheses) are those of the basalts (see
Fig. 3). When 7'=5 and 10 years the 2'*Pb/Pb ratios reflect
in-growth from 2?Rn in addition to the basalt source. The
solid lines represent the case where the radon concentration is
800 dpm kg (see Table 2). Dotted line (a) is the case for T=15
years and [Rn] = 400 dpm/kg, (b) for T =5 years and [Rn]=
1600 dpm /kg. Pb and *'°Pb determinations from the southern
JDF sample (circles) and from the Endeavour Ridge (squares)
sulfide samples are shown.

2. The ?'“Pb /Pb ratio of the fluid from this source
would be 8.0 (1 —e~*") dpm/ppm if Pb,_,;, = 0.3
ppm, the water /rock ratio is 3, and the Endeavour
fluid radon concentration of 800 dpm kg is used.
The ?'“Pb content of the sulfide from this source
alone would then be 8.0 (1 — e *") X Pb 4. The
third column in Table 2 shows how the ?!°Pb from
basalt alteration alone, *'Pb=~0.33 Pbq.
(from Fig. 3), becomes relatively unimportant as
the residence time of the fluid increases (see Fig.
4). The effect of higher and lower radon con-
centration on this calculation are also shown in
Fig. 4.

5.3. 2'°Pb / Pb results from the Juan de Fuca sam-
ples

The 2'°Pb, **Ra, Pb, and *'°Pb/Pb values for
the sulfide samples are presented in Table 3. The
226Ra activities are negligible, and thus the *'“Pb
activities are the unsupported values. The *!°Pb,
Pb, and 2'Pb/Pb values for the southern JDF
sample are plotted in Fig. 5a and for the En-
deavour sample in Fig. 6a. In both cases the
219Pb /Pb ratios do not fluctuate markedly across
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distance for sample WF-22D-6.

the transect and, as shown in Fig. 4, are within the
range expected from *'°Pb production from the
basalt source alone. This tmplies a fluid residence
time from the onset of basalt alteration which is
short compared to the 22.3-year half-life of 2'°Pb.
In Figs. 5b and 6b, the '°Pb /Pb ratio is plotted
on a semi-log scale versus distance along the sam-
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Fig. 6. (a) ?’°Pb, Pb, and *"Pb/Pb for Endeavour sample
TT-170-66D-A1 plotted against distance along the transect
shown in Fig. 2b. (b) The log of 2'°Pb/Pb plotted against
distance for sample TT-170-66D-A1.
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TABLE 3

210ph and Pb measurements on Juan de Fuca sulfide samples

Sample Hoppa Pb® 210ph /Pb 26Ra
No. (dpm/g) (Wt.%) (dpm/pg) (dpm/g)
Southern Juan de Fuca (WF-22D-6)
1 2928+ 5.6 0.050+0.001 0.59 +0.02 n.a.
2 1459.8 +20.7 0.244 + 0.006 0.60 +0.02 n.a.
3 1096.8 +17.2 0.223 £ 0.006 0.49 +0.015 n.a.
4 728.1+11.3 0.149 +0.004 0.49 +0.015 <1
S 37294 6.6 0.072 +£0.002 0.52 +0.02 n.a.
6 954.6+12.4 0.210+0.006 © 0.455+0.01 <1
7 615.6+11.9 0.126 +0.003 0.49 +0.015 <1
8 266.6+ 4.6 0.056 + 0.001 048 +0.01 <1
9 28344+ 5.8 0.058 £ 0.002 049 +0.02 <1
Endeavour (TT-170-66D-A1) ¢
la 499.7+13.1 0.099 +0.003 0.44 +0.06 n.a.
b 380.9+11.0
2a 1147.3+48.5 0.348 +0.009 0.335+0.02 n.a.
b 1187.3+32.0
3a 659+ 2.8 0.018 £ 0.001 0.37 +0.03 n.a.
b 68.1+ 3.3
4 2854+ 48 0.100+0.003 0.285+0.01 n.a.
5 480+ 1.5 0.013+0.001 0.37 +0.03 n.a.
6 676+ 1.9 0.019 +0.001 0.36 £0.02 n.a.
7 300+ 1.2 0.008 +0.001 0.375+0.05 n.a.
Bulk “inside” 56.3+ 2.1 n.a. n.a. 1.87+0.38
Bulk “outside™ 753.1+10.5 n.a. n.a. 9.47+0.20

4 Errors are 1o counting statistics.

" Values are the average of duplicate runs. The errors are the average deviations of the measurements.

¢ No duplicate—assumes a 3% error.

4 Duplicate *'"Pb analyses were performed on samples marked “a” and “b”.

n.a. = not analyzed.

pling transect. Assuming, in the case of a short
residence time system, that variations of the
29Pb /Pb ratio in the hydrothermal solution is
small, then the gradient in #'°Pb /Pb for the south-
ern JDF sample (Fig. 5b) could be interpreted as
indicating an accretionary growth rate, from the
inside out, of 1.2 cm/yr. The concentric pro-
gression of alternating zinc-rich and iron-rich
layers toward the oxidized iron sulfide crust de-
scribed earlier is consistent with this interpreta-
tion. Replacement textures and the corroded ap-
pearance of phases within this sample, however,
suggest that some degree of solubilization and
remobilization of metals has occurred. Although
normalizing the *!°Pb to stable Pb will mitigate the
effect of such processes, mobilization of metals
through layers would tend to “homogenize” the

sample. Therefore, this growth rate should be con-
sidered an upper limit.

The *'°Pb /Pb ratios along the Endeavour sam-
ple show virtually no gradient (Fig. 6b). The ho-
mogeneity of *'Pb /Pb values across the sample is
probably a consequence of extensive remobiliza-
tion and reprecipitation processes. This resulted
from closure and redirection of fluid channelways
and corresponding changes in flow rates which led
to varying conditions of precipitation. Therefore,
the apparent growth rate of over 20 cm/yr which
is derived from the slight ?'°Pb /Pb slope (r = 0.1)
is most likely an artifact of these processes. This
hypothesis is supported by the intricate mineral-
ogical layering of the sample and by the lack of
both concentric growth patterns and open fluid
channelways.



6. Summary and conclusions

Two sulfide samples dredged from the Juan de
Fuca Ridge were analyzed for *'“Pb /Pb ratios and
mineralogic characteristics.

(1) The range of the *'°Pb/Pb ratios of the
sulfide samples (0.285-0.60) are within the range
expected if the residence time of the hydrothermal
fluid in the crust, from the onset of basalt alter-
ation, is short compared to the 22.3-year half-life
of *'Pb.

(2) The sample from the southern JDR dis-
played a concentric pattern of growth and devel-
opment, and the *'°Pb/Pb gradient indicated an
apparent growth rate of 1.2 cm/yr. Some degree
of remobilization and reprecipitation of con-
stituents may have altered this gradient however;
hence this growth rate should be considered an
upper limit.

(3) The Endeavour sample displayed no obvi-
ous sequential growth pattern, and virtually no
gradient in *'°Pb /Pb across the sample was found.
Extensive remobilization reactions probably oblit-
erated the primary zonation as well as the original
219pb /Pb distribution in this sample.
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