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[1] The Logatchev hydrothermal field at 14�45′N on the MAR is characterized by gas plumes that are
enriched in methane and helium compared to the oceanic background. We investigated CH4 concentration
and d13C together with d3He in the water column of that region. These data and turbidity measurements indi-
cate that apart from the known vent fields, another vent site exists northeast of the vent field Logatchev 1.
The distribution of methane and 3He concentrations along two sections were used in combination with cur-
rent measurements from lowered acoustic Doppler current profilers (LADCP) to calculate the horizontal
plume fluxes of these gases. According to these examinations 0.02 mmol s�1 of 3He and 0.21 mol s�1 of
methane are transported in a plume that flows into a southward direction in the central part of the valley.
Based on 3He measurements of vent fluid (22 � 6 pM), we estimate a total vent flux in this region of about
900 L s�1 and a total flux of CH4 of 3.2 mol s�1.
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1. Introduction

[2] The Mid-Atlantic Ridge (MAR) is a slow-
spreading ridge on which mantle (ultramafic) rock
outcrops in places due to the extensional tectonics
[Aumento and Loubat, 1971; Cannat et al., 1995,
1997; Dick, 1989]. Some of these places are char-
acterized by fold-systems that favor the circulation
of fluids in the subsurface with focused or diffuse
fluid-release at the seafloor [Petersen et al., 2009].
The composition of these fluids depends on the
geological, petrological and temperature regime;
the fluid chemistry can also be modified by biotic
or abiotic reactions in the subsurface. Dissolved
metals like iron and manganese that are transported
by the fluid discharge into the water column are
oxidized and form particles that influence the tur-
bidity of the plume water [Marbler et al., 2010].
Most of the hydrothermal fluids show methane and
3He concentrations that are enriched compared to the
surrounding water column. In the case of methane,
different source mechanisms are discussed in the lit-
erature: (1) primordial methane released from the
mantle [Welhan, 1988]; (2) methane produced by
thermogenic reactions from organic matter [Welhan,
1988], and (3) methane created by serpentinization of
ultramafic rock [Charlou et al., 1998]. The stable
isotope ratio of hydrothermal methane shows a
strong enrichment in 13C (d13C values on the Mid-
Atlantic Ridge axis varies between �7 and �19‰)
compared to the isotope signature in the background
seawater (d13C ≈ �35‰ [Keir et al., 2009]). In the
case of 3He, it is known that magma production at the
MAR accounts for the positive 3He anomaly that can
be found in the Atlantic deep water [Rüth et al.,
2000]. 3He was trapped in the mantle during the
accumulation of the earth’s crust and is constantly
degassed by volcanism.

[3] After the release of hydrothermal effluent at the
seafloor, the ascending fluids are diluted by
entrainment of ambient seawater. The plume rise
height depends on the physical characteristics of the
vent fluid as well as the hydrographic situation.
After the plume has reached a water depth of zero
buoyancy it spreads horizontally in the effluent
layer. Despite vigorous dilution, methane and 3He
are well enriched in the non-buoyant effluent layer
compared to the ambient seawater. During the

horizontal spreading of the plume the gas concen-
tration decreases constantly. 3He is a conservative
tracer; its plume-concentration is only influenced by
physical processes and is not modified by any
chemical or biological reaction. The concentration of
methane is additionally influenced by microbial
oxidation as it represents an important energy source
for the microbes in the deep ocean. The faster con-
sumption of 12CH4 relative to that of

13CH4 results in
a constant increase of d13C-CH4 values in the aging
plume waters [Tsunogai et al., 2000; Whiticar,
1999]. Thus, methane in the core of the plume
becomes isotopically heavier than in the hydro-
thermal source as the concentration decreases
downstream. However, sharp vertical gradients
toward isotopically light values develop above and
below the plume where background methane from
the open ocean mixes with the residual hydrother-
mal methane [Keir et al., 2009].

[4] One hydrothermal vent area at the MAR that
has been investigated in detail by different scien-
tific disciplines is the Logatchev hydrothermal field
(LHF [e.g., Batuev et al., 1994; Charlou et al.,
2010; Keir et al., 2009; Petersen et al., 2011,
2009; Schmidt et al., 2007]). The LHF is located
between the Fifteen-Twenty and Marathon Fracture
Zones and consists of four hydrothermal sites
(LHF-1 to -4; Figure 1). These sites are roughly
located along an east-southeast orientated line that
starts at LHF-1 and ends after 9 km at LHF-4.
Recent studies show that LHF-1 and -2 are actively
releasing fluids into the water column and that
LHF-3 and -4 are inactive [Petersen et al., 2009]. It
is hypothesized that the complex tectonic situation
and the resulting fault systems control the distri-
bution of the different vent sites [Petersen et al.,
2009]. LHF-1 at 14�45′N on the MAR is situated
on a plateau at the eastern inner flank of the rift
valley wall in water depths between 3060 to
2900 m and consists of at least seven active high-
and low-temperature vent sites in a narrow NW-SE
striking zone [Petersen et al., 2009]. The hydro-
thermal field is one of a few known submarine
hydrothermal systems associated with ultramafic
rocks that have undergone different degrees of
serpentinization [Augustin et al., 2008]. This alter-
ation leads to fluid compositions that are highly
enriched in hydrogen (�16 mM [Charlou et al.,
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2002]), methane (�3 mM [Schmidt et al., 2007])
and 3He (�30 pM [Keir et al., 2009]). The d13C
value of vent fluid methane shows values of about
�13‰ [Keir et al., 2009]. The characteristic gas
composition of this fluid together with turbidity
anomalies that result from metal-precipitation can
be traced over a broad distance in the rift segment
[Keir et al., 2009; Marbler et al., 2010].

[5] Our goal in the present paper is to deliver a
detailed view of the distribution pattern of methane,
d13C-CH4 and d3He in the water column surround-
ing the Logatchev hydrothermal field. The LADCP
data will be used to describe the current regime
and to estimate the fluxes of methane, 3He and
the volume flow rate of the vent fluids.

2. Methods

[6] Water column samples were obtained during a
scientific cruise in April 2010 on the German
research vessel Meteor (cruise number M81–2c).
All ship-based investigations were carried out in a
three day time frame. The vertical hydrocasts were
performed with a SBE911 plus CTD system that was

mounted on a SBE32 carousel sampler equipped
with 22Niskin bottles (à 10 l). Current measurements
were carried out with a lowered acoustic Doppler
current profiler (LADCP) system, where two RDI
300 kHz Workhorse Monitor ADCPs mounted on
the water sampling unit were used for full-depth
current profiling in a master and slave setup. The
vertical resolution was set to 10 m. The LADCP raw
data have been processed with an inverse method
[Visbeck, 2002] using barotropic, bottom track and
smoothness constraints, as well as external pressure
from the CTD system. The overall accuracy of the
velocity data suffered to some extent from the pau-
city of scatters below 1500 m water depth. However,
after a careful post-processing, screening of the data
showed a very good agreement between casts, even
for small scale features, resulting in a final single-
point accuracy of less than 5 cm s�1 error for the
velocities. Uncertainties are further reduced for this
study by using the average velocity within the plume
layer (2300 to 3400 m water depth).

[7] A miniature autonomous plume recorder (MAPR
[Walker et al., 2004]) was attached on the frame of
the carousel sampler to measure simultaneously the

Figure 1. Station map of cruise M81–2c in the region of the Logatchev Hydrothermal Field. LHF-1 is located at sta-
tion M10 (black dot), LHF-2 at station M9 (blue dot). The lines between A-B and C-D represent the northern and
southern transects.
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optical backscatter on the vertical hydrocasts. Tur-
bidity anomalies were expressed in DNTU, which
is the difference in NTU (nephelometric turbidity
units) between the plume water and the unaffected
water above the plume level. The MAPR was also
equipped with an ORP-sensor that analyzes the
oxidation-reduction potential (ORP) of the plume
relative to ambient seawater. Greater DNTU or
ORP anomalies indicate “younger” or “fresher”
parts of the plume, which are closer to the source
[Baker et al., 2010].

[8] Seawater for methane analysis was directly filled
from the Niskin bottles into pre-evacuated 2-L sample
bottles resulting in a partial degassing of the water.
The gas phase was then recompressed to atmospheric
pressure and the mole fraction of methane determined
using a GC system equipped with a flame ionization
detector. The overall error of the method depends
on the methane concentration and varies between
�0.2 nM for [CH4] ≤ 7 nM and�3% for [CH4] >
7 nM [Buller, 2008; Keir et al., 2009].

[9] The gas samples for stable isotope measure-
ments of methane carbon (d13C-CH4) were taken by
transferring a subsample of the extracted gas into
pre-evacuated 20-ml vials. The isotope ratio was
determined at the Leibniz Institute of Baltic Sea
Research (IOW) using an inline ratio monitoring
mass spectrometer [Schmale et al., 2010]. The
average precision of that method has been deter-
mined to be �1‰.

[10] Water samples for helium isotope analyses
were directly transferred from the Niskin bottles into
pinched-off copper tubes. During a scientific cruise
in 2007 on the German research vessel Maria S.
Merian (cruise number MSM04–3) direct fluid
samples from the vents at LHF-1 were collected in
copper tubes and closed with stainless steel valves
by the submerged ROV. Dissolved gases were
extracted from the water and 3He and 4He con-
centrations were determined with a high resolution
mass spectrometer (MAP 215–50) at the University
of Bremen. The uncertainty of the 3He/4He ratio is
0.5% [Sültenfuß et al., 2009]. Because Ne has no
sources in the ocean, Ne was also analyzed to
identify the atmospheric contamination of the
samples.

3. Results and Discussion

3.1. Horizontal Flow Field

[11] The directly measured flow field at LHF repre-
sents a snapshot during the time of the measurement
campaign. Nevertheless, for the time span covered by
the measurements (3 days), a consistent picture of the
flow field emerges. The field is a superposition of
periodic tidal currents and the residual background
flow. The tidal component of the flow is not instru-
mental in the large scale mean plume advection, so
we attempt to extract the mean flow by removing the
tidal component. Since no long-term current mea-
surements are available at LHF for a direct determi-
nation of the amplitude and phase of the local tides,
barotropic tidal currents were determined with the
TPXO7.1 tidal model [Egbert and Erofeeva, 2002].
The tide in the area of the LHF is predominantly
semidiurnal, with M2 as the major constituent. The
major axis of the tidal ellipse is orientated in SSE
direction, along the axial graben. The amplitude of
the modeled tidal currents is on average less than
3 cm s�1.

[12] The residual background flow in the non-
buoyant plume layer between 2300 and 3400 m
depth can be separated into a broad, weak, south-
ward flow within the rift valley, and a more focused
northward flow along the slope of the eastern side-
wall, where the vents are located (Figures 2 and 3).
The scatter in velocity speed and direction between
the individual stations on the two sections within
the rift valley is of the same order of magnitude
as the mean (and the tides), but the total mean for
those stations is nevertheless clearly oriented in the
southward direction (average velocity for the rift
valley of 2.1 cm s�1 in south-southeast direction,

Figure 2. Scatter of detided current speed (numbers
indicate speed in cm s�1) and direction for water column
profiles M2 through M18 for the plume layer average
between 2300 and 3400 m for the individual stations
within the rift valley on both sections (white dots) and
on the slope (red dots). Arrows indicate the respective
average velocity and direction.
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Figure 2). The average velocity within the valley
across the northern section is 4.3 cm s�1 to the
south. The average current across the southern sec-
tion is lower (2 cm s�1) with a more easterly com-
ponent (Figure 3). The average velocity of the
northeastward along-slope current is 3.6 cm s�1,
and appears to be more directed, following the
topography (Figure 3). This northward direction of
the flow at the LHF-1 vent site is consistent with
observations of plume bending during ROV deploy-
ments on earlier cruises [Marbler et al., 2010]. A
prevailing southward direction for the flow within
the rift valley is supported by the large scale along
valley density gradient (not shown). For these rea-
sons, we will in the following assume that the
snapshot of the horizontal circulation is at least to
some extent representative of the general circulation
in the vicinity of the Logatchev field, with prevail-
ing northward currents on the slope at the locations
of LHF-1 and LHF-2, and a sluggish southward
flow in the axial valley (Figure 3). We will interpret
the measured plume signals in the context of these
observations.

3.2. Turbidity Above Hydrothermal Vents

[13] MAPR investigations during the time of the
measurement campaign clearly indicate vent activ-
ity at three sites in the vicinity of the Logatchev vent
area. Turbidity anomalies recorded directly above
LHF-1 indicate the “split-level” structure of the
hydrothermal plume (Figure 4) that was already
observed in previous water column studies at this
location [Marbler et al., 2010]. The specific struc-
ture is also reflected by the vertical distribution of
methane and d3He (CH4maxima at 2760 and 2910m
water depth, Figure 5) and negative ORP anomalies
(maxima at 2660 and 2980 m water depth, data not
shown). It has been suggested, that the diverse plume
levels can be explained by different compositions
of vent fluids that are influencing the density and
therefore the buoyancy of the plume [Sudarikov and
Roumiantsev, 2000]. They suggest that the near-
bottom plume (reverse plume) results from fluids that
contain brine due to vapor-liquid phase separation
in the hydrothermal circulation. However, such a
specific fluid composition that shows enhanced

Figure 3. Current field at LHF. The current velocity is averaged in a depth range between 2300 and 3400 m (a scale
is displayed with the gray arrow). The white dots represent the stations that were used to calculate the current velocities
for the northern and southern section within the main valley, respectively (white arrows). The red dots mark the sta-
tions that represent the slope current (red arrow). The boxes show the 3He and CH4 fluxes through the different sec-
tions (note the different units for 3He in mmol s�1 and CH4 in mol s�1). The black dotted arrow indicates the supposed
horizontal plume circulation.
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chloride concentrations could neither be identified
for LHF-1 [Schmidt et al., 2007] nor for LHF-2
[Fouquet et al., 2008]. Another factor that can con-
tribute to the observed layered plumes is variable
current speeds, either in the background flow, or over
the tidal cycle [Di Iorio et al., 2012; Walter et al.,
2010]. The strength of the current affects the
entrainment of ambient seawater into the rising
plume; in a strong flow the entrainment is stronger
and reduces the maximum rise height. MAPR
investigations above LHF-2 show that the water
column directly above that vent site is also charac-
terized by turbidity anomalies, that are much weaker
compared with the signal recorded above LHF-1

(Figure 4). This is consistent with previous mea-
surements that show that LHF-2 vent fluids are much
less enriched in metal concentrations than at LHF-1
[Charlou et al., 2010].

[14] Our MAPR investigations indicate additional
vent activity near station M11 that was not described
in previous studies (Figure 4). The pronounced
DNTU signal observed below 2600 m is comparable
with the signal intensity measured at LHF-1 and may
be due to nearby hydrothermal fluid release. ORP
records on that water cast do not show any anomaly
(data not shown), however, d3He and CH4 data
support the presence of an additional vent field
(section 3.3 below).

3.3. Distribution of 3He, Methane,
and Methane d13C
[15] Comparison of the gas data obtained from the
cruise Meteor 81–2c with those from previous
expeditions on R/V M.S Merian 4/3 (23 January
to 14 February 2007 [Keir et al., 2009]) and R/V
L’Atalante (4 December 2007 to 2 January 2008
[Keir et al., 2009]) indicates that the data sets from
all three cruises are consistent. A plot of methane
concentration versus d3He shows a similar pattern
to the data obtained on the previous expeditions
(Figure 6). There appears to be a linear correlation
between the higher values. As a result of microbial
methane oxidation, at low d3He values, the methane
concentrations are often lower than expected from
end-member mixing between background seawater
([CH4] = 0.5 nM, d3He = 3%) and enriched con-
centrations in the plume (line in Figure 6).

Figure 5. Vertical distribution of d3He, CH4 and d13C CH4 at stations M9 (LHF-2), M10 (LHF-1) and M11.

Figure 4. Vertical turbidity profiles (DNTU) at sta-
tions M9 (LHF-2), M10 (LHF-1) and M11.
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[16] During Meteor cruise M81–2c, most of the
stations were positioned on two west-east lines
across the rift valley, one north of LHF-1, and the
other south of this vent field (Figure 1). The two
transects were positioned perpendicular to the sup-
posed main flow axis of the hydrothermal plume
within the rift valley. The sections displayed in
Figure 7 show hydrothermal plume signatures
extend across the entire width of the rift valley.
However, the diverse gas data sets reveal distinct
hydrothermal plume structures. Along the 3He
sections the hydrothermal plume appears as a
“split-level” structure that could result from an
intrusion of an external water body, an assumption
that is not supported by the characteristics of the
methane concentration and d13C-CH4 distribution
pattern. Another explanation for this specific plume
structure could be a fluid release from different
water depths. LHF-1 is located in about 3000 m
water depth whereas LHF-2 is situated in a depth of
about 2700 m. At least for the southern section that
is very close to LHF-2 one could assume that LHF-1
might be responsible for the deep 3He plume
whereas LHF-2 could be the source for the shal-
lower plume signal. The methane concentration
shows a plume center at about 2900 m water depth
whereas the stable isotope data shows a center that is
located about 200 m deeper. At the upper and lower

plume boundaries the decreasing methane concen-
tration and the lighter values of d13C-CH4 point to
mixing with non-plume deep water. As described by
Keir et al. [2009], the regional methane gas distri-
bution in that area is influenced by mixing and
microbial oxidation that leads to decreasing meth-
ane concentrations and 13C-CH4 enrichment within
the plume with increasing distance from the vent
field. The microbial induced fractionation mecha-
nism is clearly displayed by the stable carbon iso-
tope values in our two sections placed almost
equidistant to LHF-1 (Figure 7). The d13C-CH4

values identified in the plume centers of both the
northern (+3.1‰ at M13 in 3130 m) and southern
sections (+8.0‰ at M3 in 3131 m) are strongly
enriched in 13C-CH4 compared with the source
signature of LHF-1 (about �14‰ at station M10,
Figure 6). Assuming that the 13C-CH4 enrichment
is related to the transport distance of the plume, the
stronger enrichment in the southern section may
indicate that the plume is older here, hence has
“aged” over a longer distance compared to the
plume crossing the northern section. This consider-
ation is supported by our interpretation of the hori-
zontal flow field in the vicinity of the Logatchev
area (section 3.1). It appears that the plume origi-
nates at the eastern slope (e.g., LHF-1) and is first
transported northward by the slope current. Subse-
quently, the flow turns anticlockwise and the plume
is carried southward with the main current within
the rift valley (Figure 3). Consequently, the rift
valley plume would first pass the northern and
subsequently the southern section. This plume cir-
culation is also supported by the distribution pattern
of CH4 concentration and d13C-CH4 in the northern
section which shows regionally confined anomalies
in the central part of the section (M13 and M14
between 2800 and 3300 m) that are separated from
the slope anomalies (M12 between 2600 and
3000 m; Figure 7). The slope anomalies are char-
acterized by high CH4 concentrations together with
relatively lighter d13C-CH4 values indicating a rel-
atively “fresh” plume. In contrast, the anomalies in
the central part of the northern section are charac-
terized by relatively low methane concentrations
and heavy d13C-CH4 values, suggesting an “aged”
plume which has undergone microbial oxidation
and isotopic fractionation.

[17] Apart from these general patterns, the gas
data set indicates that LHF-2 is also actively
releasing vent fluids into the water column, as
observed by Fouquet et al. [2008] (Figure 5).
Furthermore, an additional vent field appears to
exist near station M11, 5 km to the northeast of

Figure 6. CH4 concentration versus d3He from M.S
Merian 4/3 and L’Atalante (squares) [Keir et al.,
2009], and Meteor 81–2c (circles). The red circles indi-
cate station M10 (LHF-1) and yellow circles M11. The
line is anchored at d3He = 3%, [CH4] = 0.5 nM and visu-
ally fit to the trend of the high concentrations. The slope
corresponds to a 3He/CH4 mole ratio of 0.9� 108 (calcu-
lated according to Keir et al. [2008]).
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Figure 7. Gas distribution along the northern (left, A–B) and the southern transect (right, C–D). Methane concentra-
tion is displayed at the top, the stable carbon isotope ratio of methane carbon (d13C CH4) in the middle, and the d3He
distribution at the bottom.
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LHF-1, as indicated by our MAPR investigation
(see section 3.2). High methane concentrations and
d3He values of up to 39 nM and 21.5%, respec-
tively, were measured at this site (Figures 5 and 7).
A “young age” for the plume above M11 is sug-
gested by the d13C-CH4 values of about �14‰
detected in the bottom waters, a value that is very
similar to the source signature of near-field plume
measurements at LHF-1 (Figure 5, station M10).
The linear correlation of methane versus d3He at
Station M11 also is similar to that found at LHF-1
(Figure 6). By contrast, the 13C-CH4 enrichment in
the central part of the valley along the northern
section (Figure 7) strongly indicates an “aged”
plume that is distinctly separated from the signal at
M11. The vent field presumed near station M11 is
located in a valley that is separated from the main
valley by a ridge inhibiting direct hydrological
contact to LHF-1. The morphology at LHF-1 and
that at this newly discovered vent area show some

noticeable similarities (Figure 1). The morphology
of the rift flank at these sites is characterized by
W-E orientated swells that may be caused by the
regional fault system. There are crosscutting tec-
tonic faults at both LHF-1 and the region near
M11 that may foster hydrothermal circulation
[Petersen, 2006; Petersen et al., 2009].

3.4. Horizontal Plume and Vent Fluxes

3.4.1. Horizontal Plume Flux of 3He
and Methane

[18] Based on the information of the flow field and
the gas distribution, we estimate the horizontal plume
fluxes of 3He and methane in the region of LHF. We
calculated the vertical inventories of both gases along
the northern and southern sections (Figure 1). The
background concentrations of methane (0.5 nM) and
d3He (3%) in the rift valley above the influence of the
neutrally buoyant plume (at 1800 m water depth)
were subtracted from the measured values to obtain
the excess of these gases. Excess inventories were
then calculated using the trapezoid method [Keir
et al., 2008]. The inventory of methane was inte-
grated within a depth range of 2000 m to the bottom
of the different stations for both sections. For the
southern section, the calculation of the inventory of
3He was performed in an analogous manner, starting
at a water depth of 2400 m. Because of the limited
number of samples that could be taken for helium
analyses at the northern transect, we only integrated
the 3He inventory in a 2400–3200 m depth range.
However, this depth-interval covers the plume depth
and includes the main 3He excess (Figure 7). The
different inventories were plotted as a function of
distance along the two east-west lines starting at
Longitude 45�06′W, assuming that the inventories at
both ends of each section drop to zero (Figure 8).

[19] The cross-section inventories of methane
obtained from this procedure are 39 mol m�1 in the
northern section and 12 mol m�1 in the southern
section. Except for the strong influence of the sup-
posed vent area near station M11 on the section
inventory in the north, the areal distribution of the
two inventories look very similar. The 3He inven-
tories for the two sections are 0.9 mmol m�1 in the
north and 1.2 mmol m�1 in the south. Station M11
also strongly affects the distribution pattern of 3He
in the northern section.

[20] Based on the observed flow field (Figure 3),
we have divided the northern inventory into two
parts, one that is influenced by the slope current
(stations east of M15, red line), and one that is

Figure 8. Vertical inventories of methane (top) and
3He (bottom) along the northern and southern sections.
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influenced by the rift valley current (stations west
of M15, black line). The 3He inventories for the two
parts look very similar with 0.48 mmol m�1 for
the slope and 0.41 mmol m�1 for the rift valley
region. If we assume that the northward component
of the slope current of 3.1 cm s�1 obtained from
the current analyses passes uniformly through the
northern slope section, we obtain a 3He flux of
0.015 mmol s�1. The southern orientated rift
valley current with an average speed southward
component of 4.3 cm s�1 produces a 3He flux of
0.017 mmol s�1. As 3He represents a conservative
plume tracer, the noticeable similarities between
these two sections support the assumption that the
slope current transports the vent fluids northward
until the plume strikes the southern orientated rift
valley current creating a contrarian plume transport
(Figure 3). In terms of methane, which is non-
conservative, the picture looks quite different.
The methane slope and central valley inventories
of 31 mol m�1 and 9 mol m�1, respectively, as well
as the associated fluxes of 0.95 mol s�1 and
0.37 mol s�1, indicate a loss that is presumably
related to the microbial oxidation of methane dur-
ing plume transport (Figure 3).

[21] Assuming that the southward orientated rift
valley current (mean current speed of 2.1 cm s�1,
south component 1.7 cm s�1, Figure 2) is finally
discharging the plume from the Logatchev vent
area, we obtain a 3He flux of 0.02 mmol s�1 and a
CH4 flux of 0.21 mol s�1 through the southern
section (Figure 3). Compared with the northern
section, the 3He fluxes seem to be slightly increased
which could be due to an additional plume fraction
that is not transported across the northern section,
but directly westward into the rift valley.

3.4.2. Fluid, 3He and Methane Fluxes
From Logatchev Vents

[22] To obtain the total flux of the fluids discharged
from the Logatchev vent area, we use the 3He con-
centrations that have been analyzed from samples
taken by a submerged ROV directly at LHF-1 vent
outlets. The mean end-member 3He concentration of
22 � 6 pM is within the range previously estimated
(20–40 pM) from water column data and vent fluid
methane concentration [Keir, 2010]. According to
the 3He flux of 0.02 mmol s�1 through the southern
section (section 3.4.1), about 900 L s�1 of vent fluid
is needed to support this horizontal transport. The
uncertainty of such an estimate is mainly influenced
by the determination of the cross-section inventories
[German et al., 2010] and the temporal variability of

the horizontal flow field (see chapter 3.1). Accord-
ing to these errors we estimate the flux of vent fluids
to be in a range of 900 � 400 L s�1.

[23] The fluid flux of about 900 L s�1 yields a total
flux of CH4 of 3.2 mol s�1 ([CH4] fluid = 3.5 mM
[Schmidt et al., 2007]) which is about three times
higher than the flux calculated for the northern slope
section (0.95 mol s�1; Figure 3). A further decrease
of the methane flux can be observed downstream of
the source with a final flux across the southern
section of 0.21 mol s�1 (Figure 3), indicating that
about 95% of methane is already oxidized in the
near field of that hydrothermal region.

4. Conclusion

[24] For the first time current analyses were used to
describe the general circulation in the region of
Logatchev. This data in combination with the gas
distribution pattern was used to deliver a fluid and
gas flux estimate from the hydrothermal vents sites.
This significant number helps to generate mass
balances to describe the transport of matter from the
mantel into the hydrosphere, and allows a direct
comparison with other hydrothermal sites. Another
important result of our study are the indications for
an additional vent site that is apparently located
northeast of LHF-1. This vent site seems to have an
important impact on the gas distribution in the
water column as well as on the fluid and gas flux
from the hydrothermal region.
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