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8. LEAD ISOTOPE COMPOSITIONSOF THE TAG MINERALIZATION,
MID-ATLANTIC RIDGE, 26°08 'N?

A.-S. Andrieu,? J.J. Honnorez,® and J. Lancelot?

ABSTRACT

L ead isotope analyses were performed on sulfides from the Trans-Atlantic Geotraverse (TAG) hydrothermal site, located at
26°08N, on the unsedimented, slow-spreading Mid-Atlantic Ridge, which is characterized by a high Pb isotopic heterogeneity
of the basalts erupting along its axis. Pb isotope ratios of TAG massive sulfides are very uniform. Reported in Pb-Pb diagrams,
TAG sulfide data plot on the Northern Hemisphere Reference Line and define a small domain compared with the larger field of
the Mid-Atlantic Ridge basalts, which suggests that the main lead sources for the TAG mineralization are the components of the
upper oceanic crust. The means of the Pb isotopic compositions of TAG sulfides and neighboring basalts are similar, and iden-
tical to the lead composition of present TAG hydrothermal vent fluid. These data suggest that the Pb isotopic ratios of TAG sul
fides reflect the average isotope composition of the upper part of the oceanic crust affected by the large-scale hydrothermal
fluid circulation, and that the Pb isotopic compositions of the hydrothermal vent fluids recorded in recent and ancisnt sulfide
remain constant during the active interval of a main hydrothermal vent field such as TAG.

INTRODUCTION

Severa active hydrothermal vent fields have been recently dis-
covered along the Mid-Atlantic Ridge (Fig.1): Trans-Atlantic
Geotraverse (TAG) at 26°08 (Rona et al., 1986), Snakepit at
23°22N (Shipboard Scientific Party, 1986), Broken Spur at 29R1L0
(Murton et al., 1994, 1995) and, near the Azores Triple Junction,
Lucky Strike at 37°1N and Menez Gwen at 37°80(Charlou et al.,
1995; Fouquet et al., 1995). These discoveries conflicted with the
commonly held opinion that slow-spreading ridges are unlikely to be
sufficiently energetic to produce extensive submarine hydrothermal
systems.

The TAG hydrothermal site has been chosen for a study of Pb iso-
tope systematics on massive sulfides for the following reasons:

1. This site is well known, as it has been the subject of ongoing
interdisciplinary studies since the discovery of low-tempera-
ture hydrothermal activity and mineralization in 197973
during the Trans-Atlantic Geotraverse project of the National
Oceanic and Atmospheric Administration (Rona et al., 1975).

mated that there are about & I t of massive sulfides above

the seafloor and approximately x21(f t of sulfides below

the seafloor and in the upflow zo®e0.5 t of sulfate (anhy-
drite). The TAG mound is estimated to containx4C t of
sulfides, similar to that of some ancient ore deposits exploited
on the continents. This unusual size suggests the presence of
an exceptional hydrothermal circulation in the upper part of
the oceanic crust. Therefore, Pb isotopic analyses performed
on TAG sulfides would provide a good opportunity to evaluate
homogenization processes of the heterogeneous Pb isotopic
compositions of the upper oceanic crustal rocks, affected by
large-scale hydrothermal circulation.

MAIN GEOLOGICAL CHARACTERISTICS
OF THE TAG SULFIDE DEPOSIT:
BACKGROUND AND SAMPLE LOCATION

Geologic Background

The TAG hydrothermal vent field is located at 26M\&etween

2. Itis located on the slow-spreading Mid-Atlantic Ridge, and thethe Atlantis (33°N) and Kane (24°N) Fracture Zones intersecting the
geochemistry of Mid-Atlantic Ridge mid-ocean ridge basaltunsedimented slow-spreading Mid-Atlantic Ridge (Fig. 1). The field
(MORB) is characterized by variations both in isotope andoccupies an area of at least 25%kon the floor and wall of the rift

trace element ratios.

valley east of the axial high. It consists of presently active low and

3. It is located on an unsedimented spreading ridge. Earlier Phigh temperatures zones, as well as a number of relict deposits (Rona
isotopic studies of sulfides from sedimented mid-ocean ridgeet al., 1993a, 1993b). The valley and flank axis of the ridge in the
show heterogeneous compositions indicative of contributionTAG area are deeply incised by normal faults resulting in a relief of
from Pb of sedimentary and basaltic origin (LeHuray et al.,about 2000 m from the floor of the broad axial valley to the top of the
1988, Fouquet and Marcoux, 1995). The lack of sediment afift. The hydrothermal deposits and their settings were intensively
TAG suggested that less heterogeneous compositions may beudied as early as 1972, as a part of the TAG project (Rona et al.,

encountered.

1975). But the active high-temperature mound was discovered in

4. The size of the active hydrothermal sulfide mound is unusuall985 (Rona et al., 1986; Thompson et al., 1988). According to Rona
Based on the recoveries of the 17 holes drilled during Oceast al. (1993b), three types of hydrothermal activity were recognized
Drilling Program (ODP) Leg 158 (Humphris et al., 1995) esti-associated with basaltic domes (<1 km in diameter):
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3Laboratoire de Géochimie de Surface, UPR-CNRS 6251, Université Louis Pasteur,
1 rue Blessig, 67084 Strasbourg cedex, France.

1. The present active, large polymetallic sulfide and sulfate
mound, 200 m in diameter and 50 m high, with black and white
smoker chimneys at the top, is situated off the axis on the floor
of the rift valley, at about 2.5 km east of the axis of the Mid-
Atlantic Ridge. It lies on an oceanic crust estimated to be 100
ka (Thompson et al., 1988).
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2. On the lower part of the east wall, two large relict zohs ( The Pb isotope analyses were carried out on samples collected
andAlvin) are located at 3 km to the north and 2 km to thefrom the active mound by thEOIDES Resolutioduring Leg 158 in
northeast of the active mound, respectively. 1994. Five areas were drilled: on the east and on the south side of the

3. At mid-depth, near the base of the east wall, a low-temperatuglack Smoker Complex, in the “Kremlin” white smoker area, and fi-
zone is situated 3.7 km upslope to the east of the active moundally, on the west and on the north side of the Black Smoker Complex
(Fig. 3). Samples recovered by drilling through the active mound, in
The large size of the mound and radiometric dating of hydrotherthe vicinity of the white and black smoker vent field, revealed a com-
mal metalliferous products of the active mound (Lalou et al., 1990plex growth history characterized by different stages of cementation,
1993), and thé\lvin andMir extinct zones (Lalou et al., 1986, 1990, dissolution, and replacement of preexisting products (after Honnorez
1993, 1995) suggest that hydrothermal activity has been long liveét al., Chap. 18, this volume). To this new set of samples have been
multistage, and episodic over the past 100 k.y. The mound higtadded results of previous studies performed on massive polymetallic
temperature activity began about-80 ka and has been intermittent sulfide samples recovered during the 1675 and ¥4vid dives in
since then. According to Lalou et al. (1990, 1993), the present-da}©86 (location ofAlvin samples is shown in Fig. 2). Mineralogical
hydrothermal activity was reactivated only 60 yr ago, after a quiesparageneses of all the analyzed samples are reported in Tables 1 and
cent perlod of about 4 k.y. 2.
The aims of this paper are to measure the Pb isotope compositions
of TAG sulfides and to compare these with heterogeneous Pb isotopic
ratios of Mid-Atlantic Ridge basalts. Thus, two goals were defined: ANALYTICAL TECHNIQUES
(1) characterization of the lead source of the TAG mineralization, and
(2) demonstration of the isotopic homogenization of the lead extract- Bulk massive samples were crushed in a stainless steel mortar.
ed from the components of the upper oceanic crust during the hydrdhe various mineral species were separated using a Frantz Isody-
thermal circulation, and discussion of the significance of the Pb isaaamic Separator. For each analysis, the 4- to 10-mg sulfide fraction
tope ratios of the TAG sulfides compared to the Pb isotope variationgere selected by hand-picking under a binocular microscope, and
of Mid-Atlantic Ridge basalts in the TAG environment and in thewere repeatedly ultrasonically cleaned in 1N HCI and ultrapure wa-

neighboring segments of the ridge. ter. They were then dissolved in 13N HN@vernight in a Teflon
beaker.
Sample Location After dissolution, samples were evaporated to dryness and the res-

idues were dissolved in 0.5-N HBr. Pb was separated following the

The circular active mound (Figs. 2, 3) consists of two distinct, flanionic exchange microprocedure of Mahneés et al. (1978). Pb sepa-
platforms 130 and 90 m in diameter, respectively; the upper platformations were performed with 50-uL AG-1X8 200- to 400-mesh anion
is 20 m higher than the lower one. The active fluid discharges are lexchange resin. The elution was carried out with 0.5-N HBr for Fe
cated on these platforms; they appear as shimmering waters andsafides and Fe-Cu sulfides, and with 0.1-N HBr for Zn sulfides. Lead
black smokers and white smokers that emanate from chimneys resas finally eluted with 6-N HCI. The blanks measured were <100 pg.
spectively located at and off center of the mound (Fig. 2). The fluidépproximately 200 ng Pb was loaded on a single rhenium filament
have a wide range of temperatures, white smokers from 260°C twith silica gel and kPO, (Cameron et al., 1969). Pb isotopic compo-
300°C and black smokers up to 363°C, and two distinct chemistriesitions were determined using a multicollector automatic VG sector
(Tivey et al., 1995). The active chimneys are distinct in shape, sizenass spectrometer, and were run in static mode. NBS 981 Pb stan-
texture, and mineralogy (Thompson et al., 1985, 1988). The blacltard was measured before each series of analyses to monitor mass
smoker chimneys are predominantly composed of anhydrite anfilactionation. Pb isotope data were corrected for mass discrimination
chalcopyrite (Tivey et al., 1995); the mineralogy of the white smokeby 1.5%. per a.m.u. Analytical errors)(are less than 0.3% f&i*Pb/
chimneys is dominated by sphalerite (Tivey et al., 1995). 24ph ancP°PbP*Pb ratios, and less than 0.6% T§PbF“Pb ratios.
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Figure 2. Schematic cross section of the inner active hydrothermal mound of the TAG area with the inferred flow pattern within the mound (after Humphris,
Herzig, Miller, et al., 1996), derived from the mineralogy and chemistry of the deposits and the chemistry of white and black smoker fluids (from Tivey et al.,
1995). Locations of the analyzédvin samples and of Leg 158 drill holes are shown. TAG-1 = Holes 957C and 957E-957G; TAG-2 = Holes 957B and 957H;
TAG-4 = Holes 9571-957K and 957M.
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Table 1. Location and mineralogy of samples from Leg 158.

Core, section, Depth
Hole interval (cm) (mbsf) Description* Mineralization*

TAG-1: East side of the Black Smoker Complex

957C 7N-2 (Piece 1A, 17-21) 20.83-20.83 Nodular siliceous pyrite anhydeiteiar 50% py - 40% anh - 10% qtz - cpy

957C 12N-2 (Piece 2, 15-17) 35.20-35.27 Massive anhydrite vein 90% anh - 5% py - 5% cpy

957C 15N-1 (Piece 9, 70-74) 42.20-42.73 Siliceous breccia 45% qtz - 40% py - 5% anh - <2% cpy

957G 1N-1 (Piece 4, 18-20) 12.00-12.17 Massive granular pyrite 85-90% py - 5% cpy - 5% qtz - <2% anh

957G 3N-1, (Rece 4B, 40-43) 21.00-21.35  oMular siliceous pyrite-anhydrite durcia 50% py - 40% anh - 8% qtz - 2% cpy - <2% Fe-oxide
TAG-2: “Kremlin” white smoker

957H 1N-1 (Piece 3, 6-9) 8.70-8.76 Massive granular pyrite 100% py

957H 3N-1 (Piece 2, 9-12) 17.70-17.78 Massive pyrieetia 85-95% py - 5-10% anh - 3% cpy

957H 3N-1 (Piece 8, 36-40) 17.70-18.06 Massive pyrieetia 85-95% py - 5-10% anh - 3% cpy
TAG-4: West side of the Black Smoker Complex

957! 1N-1 (Piece 10, 63-65) 9.00-9.60 Porous massive pyrite 80% py - 10% cpy - 5% ma - 5% sp - qtz

957K 1X-1 (Piece 5, 38-39) 0.00-0.30 Porous massive pyrite 80% py - 10% qtz - 8% ma - 3% cpy -2% sp

957M 4R-1 (Pece 9, 36-38) 19.30-19.66 Porous massive pyrite 85% py - 5% ma - 5% qtz - 3% cpy - 2% sp
TAG-5: North side of the Black Smoker Complex

957P 8R-1 (Rdce 3, 9-13) 35.10-35.18 Porous massive pyrite 80% py - 15% anh - <2% cpy - <2% qtz

957P 9R-1 (Rice 4, 22-28) 40.10-40.32 Massive granular pyrite 80% py - 15% qtz - 2% anh - 3% cpy

957P 11R-1 (Piece 4, 18-21) 50.10-50.28 Pyrite-siliexdia 70% qtz - 30% py - trace-2% chl - <2% anh - <2% cpy

957P 12R-2 (Rice 10, 54-56) 55.64-56.13 Porous massive pyrite 85% py - 15% anh - <2% cpy - <2% chl - <2% qtz

957P 12R-4 (Rice 9, 75-77) 57.10-57.84 Massive granular pyrite 93% py - 5% qtz - <2% cpy - 2% anh

Notes: * = description according to Humphris, Herzig, Miller, et al. (1996). Mineral abbreviations: py = pyrite, ma = marcasite, po = pyrrhotite, cpy = chalcopyrite, sp = sphalerite, anh
= anhydrite, qtz = quartz, chl = chlorite.

Table 2. Petrography and mineralogical association of samples froMlvin dives.

Sample

number Mineralogy*

Location, description, petrography

Active black smoker chimneys cluster, center of the mound. Inner lining: massive chalcopyrite, traces of
Small finger: concentric layering around an axial conduit; inner zone of chalcopysghalerite. Sulfate between the sulfide phases. Fe
outer zone of a spongy textured intergrowth of chalcopyrite and Fe sulfides. sulfides in the matrix.

Active black smoker chimneys at center of mound. Red outer layer: pyrite; minor marcasite,
Chimney fragment: numerous channels, with chalcopyrite in inner parts. Matrix afhalcopyrite. Inner yellow crystallized lining:
chalcopyrite and Fe sulfides. chalcopyrite; trace of pyrite. Inner loose dark

matrix: chalcopyrite, minor pyrite, gypsum.

Active black smoker chimneys at center of mound; base of complex near flow marker.

Chimney fragments: “good” outer crust fine-grained unconsolidated intergrowth of Fe
sulfides and chalcopyrite.

Edge of inner mound, area of shimmering water. Dark red outer layer: marcasite,qugite; tr
Large, relict chimney fragment. Outer red, granular layer. Interior of tubular ventsaiadcopyrite. Inner matrix; ace pyritegypsum.
finger-like protrusions. Two small cores were analyzed: near conduit (1676.5.12 Akifow crystallized vent lining: chalcopyrite;
the central part of the sample and Fe sulfides in the outer zone (1676.5.12.B). traces of pyrite, sphalerite.

Edge of inner mound, area of shimmering water. Around the channel: sphalerite, hydrated Zn
Finger-like protrusion, tip of chimney: black matrix of Zn sulfide. In central part okulfatest, chalcopyrite, matrix of sphalerite and
samples well developed inner vents, often with thin membrane-like walls. Two srgdrated Zn sulfatest.
cores, one in the central part (1676.5.13.A), the second near the rim of the samples

(1675.5.13.B).
Kremlin region, sampled active smoker. Black, interior matrix of colloform sphalerite high

Region of white and blue-white smokers, bulbous domes with well-developed porosity, 70% to 80% at least. Trace cbhplgrite
crenulate or onion-like morphology on outer surfaces. in external limits of cavities, small amounts of
Complete chimney (broken into three parts: the head, base, and nose): marcasite and pyrite.

“good” development of crenulate structures near “head” and “nose”.

The sample analyzed was from the nose (1676.6.15).

1675.1.33

1676.2.5

1676.2.7

1676.5.12

1676.5.13

1676.6.15

Notes: * = after XRD measurements summarizedlirin samples catalog and studies on polished sections and polished thin sections conducted in collaboration with J. Honnorez and
B.M. Honnorez-Guerstein. T = after Lalou et al. (1990).

To compare with TAG sulfide data, fields of these three compo-
nents are plotted on Pb-Pb diagrams (Fig. 4) where:

Pb isotope data of the TAG sulfides are listed in Tables 3 and 4
and plotted on the conventiorf&8Pbl*Pb vs2%PbPh and*Pb/
204pp vs.206PhPo4Ph diagrams (Figs. 4, 5).

LEAD-ISOTOPE RESULTS AND DISCUSSION

1. The broad field for MORB from the North Atlantic Ocean is
obtained by compilation of the large number of data available
for Mid-Atlantic Ridge basalts erupted between 70° and 10°N
(Sun, 1980; Hamelin et al., 1984; Ito et al., 1987; Dosso et al.,
1991, 1993);

The Atlantic sediment field is defined by Pb isotope ratios of
terrigenous, pelagic and biogenic, sediments (Ben Othman et
al., 1989); and

Pb isotopic ratios of Fe-Mn nodules (Godfrey et al., 1994;
Mills et al., 1993; Ben Othman et al., 1989) are plotted on the
Pb-Pb diagrams (Fig. 4) to define the Mid-Atlantic Ridge sea-
water field, because only one sample of Atlantic seawater, col-
lected in the Sargasso Sea, has been analyzed for Pb isotopes

Comparison with the North Atlantic MORB Collected
Along the 70° to 10°N Latitudes of the Mid-Atlantic Ridge 2

Pb isotope ratios are commonly used to characterize and identify
the origin of polymetallic ore bodies. For recent hydrothermal miner- 3.
alization located on mid-oceanic ridges, three main potential sources
of Pb are usually considered: the components of the upper oceanic
crust (i.e., basalts, diabases, and gabbros), the sediments, and sea-
water.
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(Shen and Boyle, 1988). Thus, the Pb isotope composition of
seawater iscommonly considered to be amost the same asthat
of Mn nodules.

The Pb isotopic ratios of TAG sulfides are very homogeneous and
define a very small domain enclosed within the field of the large Pb
data from North Atlantic MORB (Fig. 4). The TAG sulfide domain
plots on the Northern Hemisphere Reference Line (NHRL), defined
by Hart (1984). Pb isotopic compositions of the TAG sulfides are
clearly less radiogenic than those of Atlantic sediments or Mn nod-
ules. These data suggest that the main source for Pbin the TAG min-
eralization is the upper oceanic crustal rocks.

sphere Reference Line according to Hart (1984).

Following the discovery of the correlation between bathymetry
and isotopic variations along mid-oceanic ridge magmeas (Schilling,
1973), several studies using geochemical tracers (i.e., isotope as well
as trace elements) have been performed on MORB (especially from
the Mid-Atlantic Ridge). These studies were carried out in order to
identify the source of geochemical anomalies along migrating mid-
oceanic ridges and discuss their possible relation with mantle plumes
(Sun et al., 1975; White and Schilling, 1978; Sun et al., 1979; Sun
1980; Dupré and Allegre, 1980; Cohen et al., 1980; Le Douaran and
Francheteau, 1981; Cohen and O'Nions, 1982; Allegre et al., 1984;
Hamelin et al., 1984; Dosso et al., 1991, 1993). Because Pb isotope
compositions of MORB are very heterogeneous along the slow-
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Figure 5.2°PbP%Pb vs2°PbPO“Pb top) and?’Pbf%Pb vs.
208ppP4ph (pottom) diagrams for TAG sulfides and Mid-Atlan-
tic Ridge basalts from 24° to 33°N (Sun, 1980; Hamelin et al.,
1984; Ito et al., 1987). Pb isotopic composition of TAG hydro- 154
thermal vent fluid (shaded triangle = from Godfrey et al., 1994)
and of the means of TAG sulfides (open diamond) and Mid-

Atlantic Ridge basalts (shaded circle) from 33° to 24°N are iden- f f f f
tical within analytical precision. NHRL = the Northern Hemi- 16 17 18 19 20 21
sphere Reference Line according to Hart (1984). 206002041,

spreading Mid-Atlantic Ridge (Allegre et al., 1984; Hamelin et al.,the variations observed for samples collected between 33° and 24°N
1984), Ph isotope ratios of TAG massive sulfides should be best corfBun 1980; Hamelin et al., 1984; Ito et al., 1987).
pared for the purposes of this study with Pb data from MORB sur-

rounding the TAG field. But no measurements have been performed . . .
on basalts erupted in the direct vicinity of the TAG hydrothermal Comparison with the North Atlantic MORB Collected

field. Therefore, the basalts collected in the area between the AtlanfioNng the 33° to 24°N Latitudes of the Mid-Atlantic Ridge
(33°N) and Kane (24°N) Fracture Zones where the TAG hydrother-

mal field lies have been chosen to represent the field for the Mid- Pb isotope analyses were performed on various sulfide species
Atlantic Ridge basalts surrounding the TAG hydrothermal vent site(i.e., pyrite, chalcopyrite, sphalerite, and pyrite-chalcopyrite associa-
The field for Mid-Atlantic Ridge basalts shown in Figure 5 representsion) and on an oxidized crust. The results are listed in Tables 3 and 4.
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Table 3. Pb isotope results of Leg 158 sulfide samples from the TAG hydrothermal vent field.

Core, section, Depth Pb
Hole interval (cm) (mbsf) Sulfides  2°PbP%Pb 207Pbf%Pb 2°%PpPoPb (ppm)
TAG-1
957C 7N-2 (Piece 1A, 17-21) 20.83-20.83 CufeS 18.28 15.483 37.75
FeS 18.296 15.485 37.846
957C 12N-2 (Piece 2, 15-17) 35.20-35.27 FeS 18.258 15.488 37.775
957C 15N-1 (Piece 9, 70-74) 42.20-42.73 FeS 18.225 15.475 37.769
957G 1IN-1 (Piece 4, 18-20) 12.00-12.17 FeS 18.216 15.465 37.761
CuFe$S 18.352 15.499 37.888
957C  3N-1 (Piece 4B, 40-43) 21.00-21.35 FeS 18.237 15.48 37.769
TAG-2
957H 1IN-1 (Piece 3, 6-9) 8.70-8.76 ReS 18.212 15.468 37.776
957H  3N-1 (Piece 2, 9-12) 17.70-17.78 CukeS 18.232 15.479 37.809
FeS 18.235 15.486 37.807
957H  3N-1 (Piece 8, 36-40) 17.70-18.06 FeS 18.256 15.453 37.837
TAG-4
9571 1IN-1 (Piece 10, 63-65) 9.00-9.60 CukeS 18.272 15.486 37.915

FeS 18.205 15.455 37.715
FeS+ CuFeS 18.238 15.485 37.786
957K  1X-1 (Piece 5, 38-39) 0.00-0.30 CukeS 18.202 15.453 37.721 1116
FeS 18.217 15.468 37.744 172.4
957M  4R-1 (Piece 9, 36-38) 19.30-19.66  CufeS 18.224 15471 37.759
FeS 18.212 15.46 37.739

TAG-5
957P  8R-1 (Piece 3, 9-13) 35.10-35.18 FeS 18.31 15.483 37.836
957P  9R-1 (Piece 4, 22-28) 40.10-40.32 CufFeS 18.231 15.464 37.774 26.71
FeS + CuFes 18.303 15.484 37.833

957P  11R-1 (Réce 4, 18-21) 50.10-50.28 FeS 18.228 15.48 37.782
957P  12R-2 (Piece 10, 54-56) 55.64-56.13 JFeS 18.22 15.466 37.722
957P  12R-4 (Piece9, 75-77) 57.10-57.84 #FeS 18.224 154722  37.7793 1954

Table 4. Pb isotope results oAlvin sulfide samples from the TAG hydro-  saltic melt, at the origin of diabases and cumulate gabbros, does not

thermal mound. change the Pb isotopic composition of the melt, basalts, diabases, and
- e upper part of gabbros of the local oceanic crust constitute the single
Sample number  Mineral phase&®Pbf%Pb 2°PbfoPb 28Pbfo‘Pb source of the TAG sulfide Pb.
1675.1.33 Pyrite 18.314 15.494 37.863 The mean Pb isotopic compositions of TAG sulfides and basalts
1676.2.5 C;a!tt:owrlte 1188-33221 1155-“11885; 3377-8825; from the Mid-Atlantic Ridge segment, where the TAG hydrothermal
- Chgllc?)pyrite 18..365 15..506 37.‘877 vent field is located, are also Very similar (avergﬂébFO‘Pb,ZWPb/_
Oxidized crust ~ 18.296 15.469  37.81 204ph, and®PbP*Pb ratios for sulfides and basalts are, respectively,
A Pyt 18.209  Iaer SIS 37.801+ 0.099, 15.47% 0.026, and 18.26F 0.089, and 37.746
Chalcopyrite 18.311 15.474 37.81 0.531, 15.486& 0.074, and 18.368 0.620). These data indicate that
1676.5.128 Cﬁ’é’;égpyme B st 318 the average Pb isotopic composition of the mantle source at the origin
1676.5.13A Chalcopyrite 18.277 15.479 37.792 of the local oceanic crust can be inferred from the Pb isotopic com-
1676.5.138 Sghﬁlelfitff 1fé2§g4 1%4264 3;-78%28 position of massive sulfides of the TAG hydrothermal vent field. The
1676.6.15 Sgh;gﬂtg 18.291 15.504 37.854 isotopically heterogeneous Pb isotopic composition extracted from

the upper part of the oceanic crust by the hydrothermal fluid is ho-
mogenized during the large-scale hydrothermal circulation, confirm-
Pb contents of the four sulfide samples range from 11 to 172 pping previous studies by Fouquet and Marcoux (1995).
(Table 3), much higher than the usual range of 0.1 to 5 ppm Pb in
MORB (Mahnes et al., 1977).
First, a comparison between sulfide samples was made in order to CONCLUSION
estimate the amplitude of the Pb variations between the different min-
eral species (Fig. 5). Measured Pb isotopic ratios (Tables 3, 4) show Pb isotope systematics were performed on recent TAG hydrother-
only minor variations, th&@%PbfoPhb,2"PbF**Pb, and?*®Pb/*“Pb ra-  mal massive sulfides from the unsedimented, slow-spreading Mid-
tios range, respectively, between 37.692 and 37.915, 15.452 addlantic Ridge. Reported in the Pb-Pb diagrams, Pb isotope compo-
15.506, and 18.167 and 18.365, suggesting a common source for #igons of these sulfides plot on the NHRL and within the Mid-
Pb of all the TAG sulfides. These similarities in isotopic composi-Atlantic Ridge MORB domain, but are much more homogeneous
tions among sulfides from various active chimneys (both black anthan those of the MORB erupted from 70° to 10°N or in the vicinity
white smoker chimneys) and from massive sulfides from the surfacaef the TAG vent field (i.e., from 33° to 24°N).
and inner part of the active mound imply that Pb isotope ratios do not Furthermore, the various analyzed sulfide species,(afeS,
correlate with sulfide mineralogy or the chemistry of hydrothermalZznS) show the same Pb isotopic composition independent of the min-
vent fluids. No change in the Pb isotopic composition of fluids can beralogy and the sampling location (black or white active smoker
observed during successive steps of crystallization of the sulfidehimneys, outer and inner parts of the mound). Means of Pb ratios
paragenesis. In addition, taking into account experimental errors, tloalculated for TAG massive sulfides are identical to the Pb composi-
calculated averages of Pb isotope ratios for TAG massive sulfidg®n measured for a TAG hydrothermal vent fluid by Godfrey et al.
(®%PbPoPb = 37.801 0.099,27PbPOPb = 15.47# 0.026 and®Pb/  (1994). Thus, the Pb isotopic compositions of the hydrothermal vent
24pp = 18.26% 0.089) are similar to the Pb isotopic composition of fluids recorded in the TAG massive sulfides do not change with time.
a TAG hydrothermal vent fluidP{®bl*Pb = 37.7702°PbP*Pb =  In addition, the Pb isotopic compositions of TAG hydrothermal dis-
15.476, and®®PbP°Pb = 18.306) determined by Godfrey et al. charges recorded in both sub-recent and recent massive sulfides and
(1994). These data confirm that the Pb of local MORB of the Mid-defined by the present hydrothermal vent fluids may be compared to
Atlantic Ridge provide, at least partly, the Pb concentrated in TAGhe mean of Pb isotopic compositions of 17 MORB samples collected
massive sulfides. But, as the fractional crystallization process of balong the Mid-Atlantic Ridge segment (from 33° to 24°N), where the
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TAG hydrothermal vent field is located. This comparison suggestslumphris, S.E., Herzig, P.M., Miller, D.J., et al., 19%&oc. ODP, Init.
that the heterogeneous Pb extracted from the upper part of the slow- Repts.,158: College Station, TX (Ocean Drilling Program).

spreading ocean crust has been isotopically homogenized within tt&: E.. White, WM., and Gépel, C., 1987. The O, Sr, Nd and Pb isotope
hydrothermal convective cells. Thus, Pb isotope compositions of 9eochemistry of MORBChem. Geol 62:157176.

TAG massive sulfides contribute to define the main isotopic chara&alou'dcé’ Rey‘;SAJ"I' B”C’Get' E., A&”O'd} M., ThOTpSQ”' G., F?\“q“etﬁ Y.
teristics of the mantle source affected by the partial melting event at and Rona, P.A, 1993. New age data for Mid-Atlantic Ridge hydrother-

O ) ; M ) mal sites: TAG and Snakepit geochronology revisifedseophys. Res.,
the origin of the local oceanic crust in the vicinity of this hydrother-  gg.9705.9713. P o Py

mal vent field. Lalou, C., Reyss, J.,L., Brichet, E., Rona, P. A., and Thompson, G., 1995.
These data, compared with published Pb isotope sulfide informa- Hydrothermal activity on a f@/ear scale at a slow-spreading ridge, TAG

tion from sediment-starved ridge sites (Fouquet et al., 1995), confirm hydrothermal field, Mid-Atlantic ridge 26°N.J. Geophys. Res.,

(1) the role of basalt as a major source of the lead in this hydrothermal 100:1785517862.

deposit, and (2) the isotopic homogenization of the lead extractdeRlou, C., Thompson, G., Amold, M., Brichet, E., Druffel, E., and Rona,

from the components of the upper oceanic crust during hydrothermal P-A- 1990. Geochronology of TAG and Snakepit hydrothermal fields,

circulation. Mid-Atlantic Ridge: witness to a long and complex hydrothermal history.

- . . . Earth PI . Sci. : .
This study best points out the importance of further systematig Iouartc. 1§rr]1§rtnpsscclmLeét97Ri?\2-1|2:’8A Brichet. E.. and Jehanno. C.. 1986
lead isotope analyses on massive sulfides from other hydrothermal’ cpronology of selected hydrothermal deposits from  transatlantic
fields located along the slow spreading Mid-Atlantic Ridge in order geotraverse “TAG” area, Mid-Atlantic Ridge 26°Keochim. Cosmo-

to contribute to the definition of the major isotopic variations ob-  chim. Acta50:17371743.
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