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Abstract. Fluid venting has been observed along 800 km of the Alaska convergent margin. 
The fluid venting sites are located near the deformation front, are controlled by subsurface 
structures, and exhibit the characteristics of cold seeps seen in other convergent margins. The 
more important characteristics include (1) methane plumes in the lower water column with 
maxima above the seafloor which are traceable to the initial deformation ridges; (2) prolific 
colonies of vent biota aligned and distributed in patches controlled by fault scarps, over- 
steepened folds or outcrops of bedding planes; (3) calcium carbonate and barite precipitates at 
the surface and subsurface of vents; and (4) carbon isotope evidence from tissue and skeletal 
hard parts of biota, as well as from carbonate precipitates, that vents expel either methane- or 
sulfide-dominated fluids. A biogeochemical approach toward estimating fluid flow rates from 
individual vents based on oxygen flux measurements and vent fluid analysis indicates a mean 
value of 5.5 + 0.7 L m -2 d -1 for tectonics-induced water flow [ Wallmann et al., 1997b]. A 
geophysical estimate of dewatering from the same area [von Huene et al., 1997] based on 
sediment porosity reduction shows a fluid loss of 0.02 L m -2 d-1 for a 5.5 km wide converged 
segment near the deformation front. Our video-guided surveys have documented vent biota 
across a minimum of 0.1% of the area of the convergent segment off Kodiak Island; hence an 
average rate of 0.006 L m -2 d -1 is estimated from the biogeochemical approach. The two 
estimates for tectonics-induced water flow from the accretionary prism are in surprisingly 
good agreement. 

1. Introduction 

Fluid venting along the world's subduction zones has been 
recognized over the past 10 years as a process of first-order 
importance for marine geosciences and ocean sciences [Langseth 
and Moore, 1990; Moore and Vrolijk, 1992 ]. Venting affects the 
budgets of certain elements in the deep sea [Suess and Whiticar, 
1989; Martin et al., 1991, 1996], the material turnover at 
specialized vent ecosystems [Suess et al., 1985; Brooks et al., 
1987; Rio et al., 1992; Childress et al., 1986; Bouldgue et al., 
1987] as well as the thermal structure of accretionary complexes 
[Le Pichon et al., 1990; Henry et al., 1992, 1996; Hyndman et al., 
1993]. Fluid flow and pressure gradients may in turn influence the 
accretionary tectonics such as earthquake activity or multiplexing 
[Davis et al., 1990; Sammonds et al., 1992; Brown et al., 1994]. 
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The circum-Pacific subduction zones manifest a variety of 
end-member tectonic settings, studies of which have now and in 
the past contributed toward an in depth understanding of the 
complex process at convergent margins [Kulm et al., 1986; Le 
Pichon et al., 1987; von Huene and Scholl, 1991, 1993; Kastner et 
al., 1991; Carson et al., 1994; Westbrook et al., 1995; McAdoo et 
al., 1996]. Critical regions for fluid escape are trenches, defor- 
mation fronts, and initial accretionary ridges. Accreted and sub- 
ducted sediments are thought to be separated by interfaces with 
low shear strength and with concentrations of overpressured pore 
fluids. This interface decouples the sedimentary sequences during 
convergence allowing unconsolidated sediment to be subducted 
beneath the margin. Gradually now, the complexity of these 
submarine hydrogeologic processes is becoming apparent. So far 
there has been evidence reported for output of fresh and super- 
saline water from accretionary prisms [Kastner et al., 1991; 
Wallmann et al., 1997a] and for horizontal and vertical 
recirculation over considerable distances through sequences of 
accreted sediments [Le Pichon et al., 1990; Martin et al., 1995]. 
An enormous difference of flow rates, however, has been 
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estimated with geophysical and geochemical methods at different 
convergence settings with no clear picture emerging [Carson et 
al., 1990; Linke et al., 1994; Henry et al., 1992, 1996]. 

Several orders of magnitude have separated flow estimates 
based on porosity reduction from those observed directly at vents. 
Furthermore, the question of the relative importance of focused 
flow as evident at vent fields versus diffuse flow without 

conspicuous vent communities or chimneys remains unresolved. 
To help clarify this situation, we report here the first 
comprehensive data set as well as hitherto unknown evidence for 
tectonically controlled, large-scale venting phenomena in the deep 
eastern Aleutian Trench of the Alaska subduction zone. The 

surveys carded out and samples collected by R/V Sonne in 1994 
and 1996 compose an 800 km long segment between the Kodiak 
and Shumagin Islands. Here we found manifestations of fluid 
venting in the form of distinctive faunas, mineral precipitates, 
methane anomalies, a temperature anomaly, in situ flow data, and 
contrasting chemistries of pore fluids and sediments from on-vent 
and off-vent settings. 

The temperature anomaly is small, yet significant, and 

Baranoff Fan, is located in the southeastern most part of the Gulf 
of Alaska and began to form in upper Miocene time. The two 
older fans have presumably contributed material to the 
accretionary prisms along the eastern Aleutian Trench; however, 
most of their sediment volume is currently being subducted, the 
process which generates the fluids being expelled at the 
convergent plate boundary [von Huene and Scholl, 1991 ]. 

The western part of the Yakutat Block has been subducted as 
shown by magnetic anomalies. Assuming it has been coupled to 
the Pacific plate places part of the terrane at the base of the slope, 
within the northeastern survey area between 3 and 5 Ma. 
Subsequently, its point of entry into the subduction zone swept 
northeastward along the trench to its present position in the 
northern Gulf of Alaska. Thus the tectonic history of the 
accretionary domains in our survey area includes a former 
collisional segment currently in an area receiving high amounts of 
interglacial sediment, a noncollisional segment receiving Surveyor 
Fan and trench sediment loaded with glacial debris, and a segment 
where the head of the Eocene Zodiac Fan and the older oceanic 

crust have entered the subduction zone. In the western survey area 
documents an extra heat source to the oceanic bottom waters from the thickness of trench sediments is significantly less than in the 
below the seafloor, thus giving a new meaning to the concept of eastern area. 
cold seeps. Overall, the significance of our discovery in the Four segments of the margin were investigated during R/V 
Aleutian Trench is seen in the predictability and documentation of Sonne cruises (Figure 1, SO-96, SO-97, and SO- 110 [ Fliih and 
vent sites within specific deformational settings of that von Huene, 1994;Suess, 1994; Suess and Bohrmann, 1997].All 
accretionary margin. Our success in finding these active zones of 
fluid escape provides renewed confidence in being able to 
extrapolate and eventually to quantify tectonic dewatering within 
the entire global subduction framework. 

2. Geologic Setting 

The continental margin that borders the eastern Aleutian 
Trench has an accretionary terrane that contains lithologies as old 
as Late Cretaceous. The Kenai Peninsula, the Shumagin and 
Kodiak Islands, and presumably the shelf between them have an 
upper plate crust consisting of turbidites and volcanic rocks of 
Cretaceous to Paleogene age. The outer shelf and slope seaward of 
the islands are characterized by Eocene to Oligocene accreted 
rocks overlain by Neogene basins [Moore et al., 1991]. Sediment 
accreted to the continent at the trench during the current episode is 
generally younger than 3 Ma. 

The oceanic Pacific plate that is subducted near the 
northeastern end of the Aleutian Trench is of Eocene age and 
increases in age to the southwest. The plate convergence rates are 
around 5.5 cm/yr [DeMets et al., 1990]. The Aleutian Trench is 
generally the boundary of the North American plate, but below the 
eastern Gulf of Alaska the boundary is complicated by the 
presence of the Yakutat Block, which is currently colliding with 
Alaska [Bruns, 1983]. 

According to one plate tectonic reconstruction of the north 
Pacific region, the Yakutat Block resided off Washington or 
Oregon during the Oligocene and subsequently moved northward 
[Bruns, 1983]. During this transit the adjacent oceanic crust 
received sediment from the North American continent which was 

laid down in deep-sea fans [Stevenson and Ernbley, 1987]. Two of 
these fans encompass areas larger than or equal to today's Amazon 
Fan. The oldest, the Zodiac Fan in the west of the survey area, 
received hemipelagic sediment during 42 to 24 Ma but is now 
covered by a pelagic sediment blanket. The second oldest, the 
Surveyor Fan in the east of the survey area, received sediment 
during the period from about 20 Ma to the present. The upper part 
of its clastic material is glacially derived. The youngest, the 

stations occupied and surveys conducted during these cruises and 
referred to in this communication are listed in Table 1. Extensive 

seismic reflection data [von Huene et al., 1987; von Huene, 1989] 
were merged with the high-resolution swath bathymetry obtained 
during the R/V Sonne cruises to locate the accretionary ridges 
which became the focus of our bottom surveys, sampling, and 
fluid monitoring. 

The Edge sector includes an accretionary mass that was 
probably built against the erosional scar formed during collision of 
the Yakutat Block. Here the trench axis receives a large amount of 
terrigenous glacial sediment from the adjacent Alaskan mainland 
capped by an interglacial sequence (Deep Sea Drilling Project Site 
180) [Kulrn and von Huene, 1973]. In the Edge sector the 
youngest tectonic structures, forming the deformation front, 
consist of two relatively gentle folds with their asymmetric over- 
steepened flanks facing the trench (Figure 2). These structures are 
parallel to and situated just at the deformation front in about 5000 
m of water depth. Toward the southwest they terminate against a 
steep scar, believed to be the lateral strike-slip fault of a subducted 
seamount trace. The folds expose trench fill sediments; their relief 
reaches about 300 m above the trench floor; and their steepened 
flanks exhibit many slumps visible in the high-resolution 
swathmapping (Figure 2). The escarpments expose gently land- 
ward dipping strata. At the base of these escarpments, but also 
higher up at intermediate steps in the morphology, we found 
colonies of vent biota and other manifestations of fluid escape. 

In the Albatross sector the deformation front consists of a 

growing anticlinal fold on the 5000 m deep trench axial floor with 
a relief of up to 400 m. Sediment in the trench is probably distal 
glacial material channeled from southern Kodiak Island by a well- 
defined glacial trough extending from the island to the upper slope 
above the surveyed sector. Where it is crossed by seismic lines, 
the structure includes blind backthrusts with a landward verging 
fold [von Huene, 1989; von Huene et al., 1997]. The steeper slope 
facing the trench is also sculpted by slumps, but generally, they 
are not as numerous or as extensively developed as those in the 
Edge sector. The failed slopes expose strata horizontal in the strike 
direction along which fluids escape, apparently rapidly enough to 
support the vent colonies observed here. 



SUESS ET AL.: FLUID VENTS IN ALEUTIAN SUBDUCTION ZONE 2599 

62' 

60' 

58' 

56' 

54' 

200' 205' 210' 215' 220' 225' 

NORTH AMERICAN PLATE 

HUMAGIN 

EDGE 

ß BLOCK ß 

km/Ma .. 
. 

.. 

... ... PACIFIC 

BAT ROSS 

PLATE 

SURVEYOR FAN 

o ZODIAK FAN (•(• ø BARANOFF FAN 

230' 

62' 

60' 

58' 

56' 

54' 

200' 205' 210' 215' 220' 225' 230' 

Figure 1. Gulf of Alaska with major plate boundaries, fan deposits and the areas of investigation during R/V 
Sonne cruises SO-96, SO-97 and SO-110. The areas are referred to in the text as the Edge, Albatross, Shumagin, 
and the Ugak sectors; white squares show surveys in Edge (Figure 2) and Shumagin sectors (Figure 3). 

The Shumagin sector, where the trench axis is 6000 m deep, difficult. There is a great disparity in space scales between what 
receives much of its axial fill by lateral transport from the can be identified geophysically as a deformation front or the likely 
northeast. The folds at the deformation front show little evidence projection to the seafloor of possible fluid pathways such as faults 
of slumping and are discontinuous along strike. Owing to the more and the much smaller dimensions of actual vents. In seismic 
oblique subduction in this part of the survey area, the lateral sections, faults are of the order of many hundreds of meters long 
component on convergence becomes larger than to the northeast or folds have hundreds of meters of relief, but active vent sites 
and hence a pattern of shear faults develops diagonal to the axial cover only a few square meters; perhaps aligned vents are a few 
trend [Lewis et al, 1988]. Little evidence for venting was found hundred meters long. At 5000 m depth, hydrosweep soundings are 
along the folds at the deformation front; instead, more active vents in a 50 x 500 m grid, and seismic traces are 50 m apart. 
and extensive carbonate crusts were observed along the crestal Bathymetric depth resolution is 20-30 m at best, seismic resolution 
regions of ridges farther upslope, where they were cut by canyons 40-60 m at best. The width of the TV survey vision is about 12 m. 
(Figure 3). The vent biota colonies were similar to those in the It might take four to five transects to completely image a potential 
Edge and Albatross sectors. vent site in seismic records or bathymetry. We have searched for 

In the Ugak sector, located about half way between Edge and active vent areas by mapping anomalies of dissolved methane in 
Albatross and within the area receiving Surveyor Fan sediments, the near-bottom water column and by conducting video surveys. 
the seaward flanks of the first three anticlinal ridges were Chemical anomaly mapping detects vents which emit methane 
investigated. Vent biota were found along the seaward face of the assuming that the background CH4 content and other nonvent 
third ridge and the summit of the first ridge. A large clam field, sources of CI-[ are known [Lammers et al., 1995]. Furthermore, it 
about 40 m across, was found at 4880 m near the rugged seaward assumes that CI-[ and other reduced chemical species, dominantly 
facing flank of the third ridge. This area was dominated by scarps H2S, maintain colonies of characteristic vent biota as well as 
(2-6 m high) and outcrops of landward dipping strata. The first create the environment conducive to precipitation of crusts, con- 
ridge, of relatively smooth morphology, showed a large clam field cretions, or chimneys. 
right at the top (5000 m). Evidence for fluid venting was not During the search for vents in the three sectors off Alaska, we 
discovered along the second ridge; however, only one crossing used a combination of TV surveys, near-bottom temperature 
with the towed TV system was carried out, and no distinct recordings, and methane monitoring of the lower water column. 
structural features could be associated with the active vents. The TV sled EXPLOS (Ocean Floor Exploration System)aboard 
Nevertheless, the discoveries at Ugak confirmed that fluids are R/V Sonne is equipped with a black-and-white Osprey video 
expelled along the entire length of the convergence zone surveyed. camera, two Photosea still cameras, three halogen lamps, and a 

3. Finding and Characterizing Active Vent Sites 

Locating vents at subduction zones without direct observations 
from submersibles or remotely operated vehicles (ROVs) is 

conductivity-temperature-depth (CTD) System (SIS 6000). All 
data and images are continuously displayed in real time aboard the 
vessel. The system is navigated with a Super-Short-Baseline 
(SSBL HPR-1507) by Simrad and a responder mounted to the 
sled. The instrument is towed at approximately 0.5 to 1 knot, 
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Table 1. List of Stations Surveyed in the Eastern Aleutian Subduction Zone During R/V Sonne Cruises SO-96, 
SO-97, and SO- 110 

Station Latitude Longitude Water depth Instrument 
ID øN øW m 

Sonne Cruise 96-2 
96-2 57039.55'-57036.16' 147054.20 '- 147ø52.85 ' 3763-4782 EXPLOS 
96-3 57ø34.09'-57 ø31.39' 148 ø04.30 '- 148003.26 ' 3847-4691 EXPLOS 

96-10 55058.51 '-55ø52.90 ' 152ø38.05 '- 152029.45 ' 3995-5220 EXPLOS 

Sonne Cruise 97-1 
97-11-1 57040.85 ' 148ø08.47 ' 3286 CTD 

97-11-2 57040.76 ' 148ø08.76 ' 3244 CTD 

97-19 57032.08 ' 148007.92 ' 4472 CTD 
97-20 57026.09 ' 148ø01.14' 4946 CTD 

97-21 57029.48 '-57 ø25.89 ' 148 ø03.0 '- 148000.98 ' 4681-4997 EXPLOS 
97-22 57ø26.97'-57ø26.97' 148001.21 '- 148ø01.27' 4776-4949 TVG 
97-23-1 57025.98' 148001.20' 4969 CTD 
97-23-2 57025.99 ' 148001.41' 4978 CTD 

97-29-2 57026.55 '- 57025.54 ' 148002.28 '- 148ø00.74 ' 4768-4981 VESP 

97-30 57022.99 ' 148ø22.05 ' 4978 CTD 

97-35 57029.59 '- 57026.29 ' 148001.04'- 147ø50.39 ' 4527-4979 EXPLOS 

97-37 57026.70 ' 148 ø 12.20' 4828 CTD 

97-38-2 57027.34'-57026.98 ' 147ø59.81'-147ø59.81' 4924-4974 VESP 
97-44 55056.58 ' 152ø00.76 ' 5376 CTD 

97-49-1 56005.81' 151044.86' 5379 CTD 
97-49-2 56005.92 ' 151 o 45.13' 4825 CTD 
97-51 56008.60 ' 152ø20.10' 4204 CTD 

97-66 57ø27.33'- 57026.79 ' 148ø00.04'- 147059.98 ' 4850-4967 TVG 
97-72 57027.68 ' 148000.87 ' 47 44 MUC 

97-77 54 o 10.81 '-54007.34' 157009.15'- 157006.11' 5562-5872 EXPLOS 
97-78 54015.07'-54013.53 ' 157011.45'-157ø09.58 ' 5065-5548 EXPLOS 
97-79 54ø 17.73' 157 ø 14.14' 4736 CTD 
97-82 54 ø 18.61 '-54 o 17.57' 157 ø 13.82'- 157009.97 ' 4546-4896 EXPLOS 
97-88 54 ø 16.81' 157 ø 14.09' 4776 MUC 
97-90 54ø18.86'-54ø17.75 ' 157 ø 11.69'- 157010.46 ' 4715-4939 EXPLOS 
97-95 54ø06.30' 157ø22.86 ' 5946 CTD 
97-97 45ø18.23'-54ø17.98 ' 157012.75 '- 157011.71' 4619-4861 TVG 
97-103-1 54ø 18.10' 157 ø 11.38' 4880 CTD 
97-103-2 54ø17.71 ' 157ø11.80' 4843 CTD 

97-104 54 o 18.29'-54 o 17.86' 157 ø 12.46'- 157 ø 11.74' 4662-4892 VESP 

Sonne Cruise 110-lb 
110-23 57o27.32'-57o26.53 ' 147ø59.73 '- 148ø01.32' 4947-4919 ROPOS 

110-27 57ø52.21' 148ø08.01' 4958 CTD 

110-35 56ø40.42'-56ø36.71 ' 150o10.58'-50o07.58 ' 4844-5279 EXPLOS 

110-39 54 ø 18.28' 157ø11.53' 4952 CTD 

'•CTD, standard CTD with rosette; EXPLOS, towed video-guided survey system; TVG, video-guided grab sampler; 
VESP, video-guided vent sampler with benthic chamber; MUC, multicorer; and ROPOS, remotely operated vehicle 

preferably downslope. The height of 1-6 m above the bottom is 
maintained by an operator continually adjusting the length of 
winch cable. The sled-mounted CTD records any temperature 
anomalies. Additionally, hydrocasts with conventional CTD and 
rosette sampler obtained water samples for CH4 determinations at 
discrete and closely spaced depth intervals [Suess, 1994; Suess 
and Bohrmann , 1997]. 

Multibeam bathymetry, processed and displayed by the Hydro 
Map System (HMS 300) on board R/V Sonne provided updated 
background information for siting of the near-bottom hydrocasts 
as well as the TV sled transect and, where appropriate, for 
deployment of a TV-guided grab and vent fluid sampler (VESP). 
The depth range of individual TV surveys, each with 3-4 hours of 
bottom time, covered up to 1000 m vertically and of the order of 
10 km horizontally, depending on the bottom morphology. 
Successive tracks were used to provide a composite depth transect. 
For the Edge sector, a total of 13 surveys were conducted which 
covered the Neogene accretionary prism at depths from 2500 to 

4900 m. Of these surveys four are referred to here in more detail 
(stations 96-2, 96-3, 97-21, and 97-35). Four surveys were located 
in the Albatross sector, and data from one of these are used here 

(station 96-10). Seven surveys were run in the Shumagin sector, 
four of which are dealt with here in more detail (stations 97-77, 
97-78, 97-80, 97-82). One survey was run in the Ugak sector 

(station 110-35). Extensive venting was shown at Edge and 
Albatross at only the first and second deformation ridges, at 
Shumagin at the third ridge upslope, and at Ugak at the third and 
the first ridges. Here we document and discuss the accumulated 
evidence for fluid expulsion based on four criteria: CH 4 anomaly, 
potential temperature anomaly, benthic colonies, and inorganic 
chemical precipitates. Then we consider estimates of flow rates 
and show that bioirrigation is a major component of flow emitted 
at the seafloor and that true tectonics-induced flow is more than an 

order of magnitude smaller, though it agrees well with indepen- 
dent estimates based on a geophysical approach. 
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Figure 2. Location map of the vent sites from the Edge sector with 20 m depth contours. The bold segments 
along the tracks of the surveys (stations 97-21, and 97-35) by the Ocean Floor Exploration System (EXPLOS) 
indicate active venting. CTD stations 97-23-1 and 97-23-2 show methane anomalies; coring stations 97-66 (TV- 
guided box corer, TVG) and 97-72 (multicorer, MUC), from which pore waters were extracted, represent on-vent 
and off-vent sites, respectively. The outline of the survey does not correspond in detail to the area of investigation 
shown in Figure 1. 

3.1. Methane 

The methane distribution in the water column shows a near- 

surface maximum with decreasing concentrations, including some 
fine structure, over the approximate depth interval of the oxygen 
minimum zone. This pattern reflects production of methane during 
zooplankton grazing and biogeochemical cycling during particle 
decomposition [de Angelis and Lee, 1994; Tilbrook and Karl, 
1995]. Below about 1000 m the CH 4 contents stay close to the 
detection limit and remain low throughout the deeper water 
column [ Scranton and Brewer, 1978; Tilbrook and Karl, 1995]. 
This relatively simple pattern is well known and documented in all 
casts over the Aleutian Trench (Figures 4a-4d). However, addi- 
tional CH4input from cold seeps provides a strong signal for 
locating dewatering and degassing sites in subduction zones. CH 4 
monitoring of the near-bottom water column at the Edge, 
Albatross, and Shumagin sectors yielded repeated and consistent 
anomaly patterns from which to deduce active venting and to 

launch TV surveys and subsequent sampling of small-scale 
targets. Frequently, we found evidence for a plume-shaped CH 4 
distribution in the lower water column with methane injection 
presumed to be lateral at some short distance away from the cast. 
The plume pattern is best illustrated by data from an array of 
hydrocasts in the Edge sector (Figures 4a and 4b). A downslope 
profile of four CTD casts shows oceanic CH 4 background to about 
3000 m. Between 3000 m and the seafloor, just off the third 
deformation ridge, a well-developed plume was observed (stations 
97-11-1 and 97-11-2 ). Farther downslope at station 97-19, no CH 4 
input was detected, but CH 4 contents increased dramatically 
toward the scar of a subducted seamount (stations 97-30 and 97- 
37). Within the embayment formed by the collision of the 
seamount with the margin, the highest CH 4 contents anywhere 
over the entire Aleutian Trench were detected. Unfortunately, not 
enough time was available during the R/V Sonne cruises to inspect 
this area more closely with video surveys or to conduct high- 
resolution sampling for methane. From the magnitude of the 
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Figure 3. Location map of the vent sites from the Shumagin sector with 2 m depth contours. The bold segments 
along the EXPLOS tracks (stations 97-82, and 97-90) indicate active venting. CTD stations 97-103-1, 97-103-2, 
and 110-39 show methane anomalies and the coring station 97-97 (TV-guided box corer, TVG) yielded carbonate 
precipitates. The survey is located on the Aleutian Terrace (inset); the map outlines do not correspond in detail to 
the area of investigation shown in Figure 1. 

anomaly, we would expect a CH 4 source of considerable strength 
somewhere very near by. Repeated CTD casts over the trench, just 
seaward of the initial deformation ridges, also showed a well- 
defined, near-bottom CH4maximum (Figure 4b, stations 97-20, 
97-23-1, and 97-23-2). The same plume was found again 2 years 
later during the recently completed cruise SO-110 (station 110- 
27), although the concentration was somewhat diminished. 

Generally, the CH 4 plumes are confined to the lower water 
column. The anomalies of between 50 and 150 nL/L are not quite 
as high as those at mid-ocean ridges [Horibe et al., 1986; Lilley et 
al., 1993]; however, they are significantly higher than the oceanic 
background. A characteristic feature appears to be that the 
lowermost sample immediately above the bottom usually contains 
less CH 4 than the samples higher up. This probably indicates that 
the source is not directly below the cast but somewhere to the side, 
or as has been recently postulated, it might signify short-term 
pulses of vertical CH 4 injection followed by mixing [Radlinski 

and Leyk, 1995]. The slopeward projection of the maximum CH 4 
value (Figure 4b) coincides with the ridge crest depths, where 
chemosynthetic communities indicate venting. 

In the Albatross sector, three casts, two at the lower slope 
(stations 97-44, 97-49-1, and 97-49-2) and the other on the mid 
slope (station 97-51), showed positive CH 4 anomalies (Figure 4c). 
The site of the CH 4 anomaly at the deepest location, although 
rather weak, is populated by prolific bivalve colonies at the 
trench-facing flank of a growing anticlinal fold. Again, this obser- 
vation is clear evidence for structurally controlled dewatering. The 
CH 4 pattern found at the mid slope station, with the maximum 
concentration immediately above the bottom, suggests venting 
quite close by. This potential vent site was also not investigated 
further at the time. 

In the Shumagin sector three hydrocasts covered the entire 
margin horizontally and vertically from the trench floor to the 
upper slope off the backstop ridge (stations 97-79, 97-95, and 97- 
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Figure 4. Methane distribution in the oceanic water column over the Aleutian Trench. Injection of CH 4 from the 
seafloor at the Edge sector; (a) stations 97-11-1, 97-11-2, 97-19, 97-30, 97-37, (b) stations 97-20, 97-23-1, 97-23- 
2, and 110-27, Albatross sector; (c) stations 97-44, 97-49-1, 97-49-2, and 97-51, and Shumagin sector; (d) 
stations 97-79, 97-95, 97-103-1, 97-103-2, and 110-39. Bottom depth is indicated by horizontal lines; note well- 
developed plumes at different depths off the bottom which correspond to deformation ridges; also note different 
concentration scale for Figure 4a. The maxima of CH 4 in surface waters and decreasing gas contents to about 800 
m depth are due to biogeochemical cycling. 
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103). The depths of the lower water column thus surveyed ranged 
from 3000 to 6000 m. Such coverage over a distance of more than 
50 km is not detailed enough to locate all possible venting 
structures, yet the deformation ridge at lower slope, between 4300 
and 4900 m, showed significant CH 4 anomalies in two casts 
(Figure 4d, stations 97-79, and 97-103). This location, inside a 
canyon which crosscuts the third accretionary ridge, was 
confirmed to be an active vent site by EXPLOS-surveys and TVG 
sampling. The CH 4 anomaly was located again 2 years later 
(station 110-39), generally coinciding with the previous maxi- 
mum. Surprisingly, the water column at the trench axis near the 
deformation front showed no CH 4 anomaly (station 97-95). Again, 
a high-resolution survey would most likely ascertain more 
widespread and significant CH 4 injection than currently 
documented in the Shumagin sector. 

3.2. Temperature 

No clear evidence for positive temperature anomalies in the 
bottom water surrounding subduction vents had been reported, 
although elevated heat flow has generally been associated with 
vent colonies [Henry et al., 1992] and high sediment temperatures, 
for example, in excess of 20øC, were recorded on a mud volcano 
site off Barbados [Henry et al., 1996]. Here in the Edge sector 
near the deformation ridges as well as at several other locations 
across the Alaska margin, the EXPLOS-mounted CTD sensors 
showed, for the first time, evidence for a slight temperature 
anomaly in the water column. Figure 5 shows composite potential 
temperature versus depth records obtained from five TV surveys 
while towing the instrument over the deformation ridges (stations 
96-2, 96-3, 96-10, 97-35, 97-77, and 97-78). During this largely 
horizontal trajectory the instrument continually traverses different 
in situ temperature regimes as a function of adiabatic heating, 
which makes it difficult to identify true anomalies. Potential 
temperature, however, compensates for the adiabatic heating and 
allows identification of an extra heat source. The composite 
temperature record from one TV survey at station 97-35 deviates 
significantly from those of all other surveys which cover the same 
depth range but were located off vent (Figure 5). There is a small 
positive temperature anomaly (+ 0.010 + 0.002øC) for the entire 
record at station 97-35. Furthermore the crestal regions of each 
ridge show maxima in temperature. Both ridges show venting at 
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Figure 5. Composite profile of potential temperature versus depth 
from CTD deployments along five EXPLOS tracks. Stations 96-2, 
96-3, 96-10, 97-77, and 97-78 show ambient distribution; station 
97-35 shows a positive temperature anomaly throughout the 
survey as recorded over initial deformation ridges with active 
venting. 
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of the organisms are closely related to those found previously at 
other subduction vents and cold seeps. 

Numerous species of vesicomyid clams have previously been 
found at cold seeps off Oregon, Japan, and Peru and at the 

their trench-facing flanks. It is clear that the reproducibility, based Monterey and Ascension Fan Valleys off California [Hashimoto et 
on repeated deployment of the instrument, and our lack of exact al., 1989' Olu et al., 1996; Barry et al., 1996; Embley et al., 1990; 
knowledge about the regional temperature structure of the water Rau et al., 1990; Suess et al., 1985]. Their nutrition is based on 
mass in the Aleutian Trench and, particularly, the amplitude of thiotrophic chemoautotrophy, as indicated by light •3C values 
internal waves make it difficult to unambiguously prove the [Rau et al., 1990], enzymatic and ultrastructural work [Fiala- 
temperature anomaly. Nevertheless, we are confident that future Mddioni et al., 1993], and anatomical characteristics [Fiala- 
high-accuracy data will confirm heat input from vents along the Mddioni and Le Pennec, 1989]. Several species of solemyids have 
entire subduction zone. 

3.3. Fauna 

The second and by far the most characteristic indicator for 
active venting is the occurrence of seep biota. These consisted of 
bacterial mats, pogonophorans, vestimentiferan and omnipresent 
large colonies of bivalves. At all four sectors, abundant colonies of 
vesicomyid clams, solemyid protobranchs, perivate pogono- 
phorans, and new, unusual vestimentiferans were observed and 
sampled (Plates 1 and 2). During R/V Sonne cruise 110 the 
collection of specimens was considerably enlarged. The work on 
taxonomy of the organisms has not been completed but will be 
dealt with in subsequent papers. Nevertheless, it appears that most 

been encountered in sewage outfalls and other highly reduced 
sediments and cold seeps in the deep sea [Felbeck et al., 1981; 
Suess et al., 1985; Embley et al., 1990; Paull et al., 1984]. Their 
nutrition is also based on thiotrophy of the endosymbionts. 
Because of the large individual size of the bivalves, their light 
coloration, their great abundance and characteristic arrangements 
in clusters and alignments, they are ideally suited for visual 
detection of active vent sites. Vestimentiferans and pogono- 
phorans are also chemoautotrophic, although their nutritional 
pathway and sources are not fully known. Most species are 
thiotrophic; some are clearly menthanotrop'hic [Brooks et al., 
1987; Southward et al., 1986, 1981; Schmaljohann et al., 1990]. 

Our most extensive survey for vent fauna was along strike of 
the two deformation ridges of the Edge sector. Two crossings 
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Plate 2. Cold seep fauna; bottom photographs taken by ROPOS-three-chip CCD camera system (station 110-23, 
Edge). For scale; the size of vesicomyid clams range between 135 and 190 mm (a) Alignment of cold seep 
communities. (b), (c), and (d) Extensive populations of vesicomyid clams (higher magnification of population 
seen in Plate 2a (e) and (0 Pogonophorans amongst clams and gastropods (Plate 2f has higher magnification of 
pogonophorans seen in (e) Plate 2e shows gastropod egg cases present on two pogonophoran tubes). 

(stations 97-21 and 97-35) of these structures showed vent fields 
indicated by bivalve colonies just off the ridge crests on the 
trench-facing flank (Figure 2). Examples of the towed EXPLOS 
video documentation are shown in Plate 1. The trenchward flank 

of the first deformation ridge during SO 110 also became the 
target of the longest and deepest ROPOS deployment ever (station 

110-23 [Suess and Bohrmann, 1997; Orange et al., 1996]). The 
vehicle was equipped with two video cameras, a wide angle 
silicon intensified tube (SIT), low light camera, and a three-chip 
CCD, broadcast quality color camera with 16X zoom. The video 
tapes were recorded in Beta 5 P format for the vehicle's color 
camera and Super VHS for the vehicle's black and white camera. 
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Extensive photo documentation was obtained by these systems, 
and selected views of communities are shown in Plate 2 [Lutz et 

al., 1996]. The alignment of cold seeps is along geologic 
structures, as is their preferred location at the base of steps or in 
depressions. Extensive populations of vesicomyid clams, buccinid 
gastropods, and pogonophorans were documented [Lutz et al., 
1996]. Analysis of ROPOS videos shows that the average clam 
field is -0.7 m 2 in area [ Sahling, 1997]. 

Attempts at sampling of colonies in the Edge sector using a 
TV-guided grab (sampling area 1.82 m2) at one station (station 97- 
66) yielded 119 specimens of vesicomyid clams and seven 
specimens of solemyids. At another station (station 97-22), 21 
specimens of vesicomyid clams and 14 specimens of solemyids 
were collected from this same grab. Although the evaluation of the 
observed and sampled biota is far from complete, our preliminary 
assessment based on two surveys at each sector and the analysis of 
ROPOS videos show population densities at vent sites of between 
159-200 individuals/m 2. A total of over 56 m 2 of active vents were 

documented with several thousand specimens of bivalves 
[Sahling, 1997]. 

The nutritional pathway at the vent ecosystems of the Aleutian 
Trench is also chemoautotrophic as previously observed in other 
subduction settings. The carbon isotopes of the soft tissues and of 
the chitinous hard parts exhibit •5•3C-enriched stable isotope 
patterns (Table 2). The •5•3C values for all of the non calcareous 
parts analyzed range from -28.6%0 to -64.3%0 Pee Dee belemnite 
(PDB) and thus show thiotrophic and methanotrophic portions of 
carbon incorporated. The values are similar to or exceed those 
reported from vent colonies of other subduction zones and are 
comparable to those from biota of other prominent cold seeps not 
related to subduction [e.g., Paull et al., 1992]. The 
enrichment of the pogonophoran tubes of the Shumagin sector 
(15•3C = -64.3%0 PDB) is the strongest observed so far. 

Previous reports on •5•3C of pogonophoran tubes are from the 
Cascadia margin [Kulm et al., 1986], the Florida Escarpment 

[Paull et al., 1984], the Skagerrak [ Schmaljohann et al., 1990], 
and the Louisiana slope [Brooks et al., 1987]. Only Siboglinum sp. 
from the Skagerrak appears to incorporate as large a portion of 
methane-derived carbon as the specimens from the Shumagin 
sector reported here. The tubes 813C values of around -65%0 PDB 
are close to the C isotope composition of a slightly depleted 
biogenic methane pool from the Cascadia subduction zone [Suess 
and Whiticar, 1989]. This value identifies methanotrophy as the 
dominant carbon metabolizing pathway. Pogonophorans from the 
Edge sector, tentatively identified as Lamellisabella sp. and Poly- 
brachia sp., on the other hand, showed 8•3C values from -40 to - 
47%0 PDB (Table 2), indicating thiotrophic carbon metabolism. A 
single vestimentiferan genus from the Edge sector analyzed so far 
is even less depleted in 8•3C (-28.6%0 PDB), thereby supporting 
thiotrophy. The soft tissue parts separated from vesicomyid clam 
and solemyid specimens from the Edge sector have relatively 
"heavy" •3C values of between -33 and -40%0 PDB with slight 
enrichment in the gills (Table 2). These values indicate thiotrophic 
carbon metabolisms, whereby methane, via sulfate reduction, may 
provide the sulfide needed by the sulfur-oxidizing microbes. 

The carbonate shell material also exhibits evidence for chemo- 

autotrophic-derived carbon. Usually, shells of vent bivalves are 
only slightly enriched in •13C because they preferentially 
incorporate bicarbonate from seawater, but for vesicomyid clams 
from the Cascadia subduction zone it was shown that the inner 

complex cross-lamellar layer is more enriched in •13C than the 
outermost shell layer [Wagner, 1994]. Presumably, the close 
proximity of the shell-secreting mantle to the digestive system, 
where light metabolic carbon is generated and the inner shell layer 
formed, could retard dilution by seawater bicarbonate and hence 
preserve more lighter carbon. For solemyid shells, no such 
distinction between inner and outer shell layers was possible, 
although, in general, the bulk of their carbonate was isotopically 
lighter than the carbonate of vesicomyid clam shells from the 
Edge sector (Table 2). A value of-7.9%0 PDB indicates that 

Table 2. Stable Carbon Isotope Composition of Selected Tissue and Hard Parts of Vent Fauna 

Fauna Station/Sector Tissue Part •3C %0 81-•C %0 
Maximum Minimum 

Vesicomyid clam 97-66/Edge 

Solemyid specimen 97-22/Edge 

mantel -36.66 -36.64 

gill -37.31 -37.43 
foot (inner) -39.87 -39.94 
foot (outer) -35.89 -36.28 
aductor close to -36.30 -36.24 
foot 

periostracum -30.22 -29.09 
mantel -34.06 -34.04 

gill -35.29 -35.40 
siphon -33.43 -33.29 
shell -8.09 - 7.80 
viscera -34.12 -34.16 

Pogonophoran 
Lamellisabella ? 97-22/Edge 

tube including -43.25 -40.55 
organism 

Polybrachia ? 97-22/Edge tube including -47.35 -47.50 
organism 

Vestimentiferan 97-22/Edge tube including -28.80 -28.43 
organism 

Pogonophoran 97-97/Shumagin 

8•3C %o 
Mean 

-36.65 + 0.01 
-37.37 + 0.06 
-39.90+0.03 
-36.09 + 0.02 
-36.27 + 0.03 

-29.60 + 0.5 
-34.05 + 0.01 
-35.35 + 0.05 
-33.36 + 0.06 
- 7.90 + 0.10 

-34.14 + 0.02 

-41.9ñ0.1 

-47.4 ñ 0.1 

-28.6 ñ 0.2 

empty tube, upper -67.37 -61.13 -64 ñ 3 
empty tube, lower -55.82 -58.35 -57 ñ 1 

•5•3C, %0 relative to Pee Dee belemnite (PDB). 
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solemyids utilize a mixture of metabolic and bottom water CO2 in 
building their shells, probably because of their peculiar habit of 
living buried in the vent sediment and pumping bottom water 
through their burrows. Other vent organisms which showed a 
similar b•'•C-enriched bulk calcareous skeleton have been the 

serpulid worm tubes collected at the cold seeps of the Peru 
subduction zone [ Wagner, 1994], the shells of Thyasira sp. from 
the Skagerrak (-12%o PDB [Schmaljohann et al., 1990]) and 
mytilids from the Florida Escarpment (-8%0 PDB [Paull et al., 
19851). 

3.4. Precipitates 

Carbonate and barite crusts, cemented sediment, and chimney- 
like structures are typical precipitates which form around 
subduction vents and cold seeps [ Ritger et al., 1987; Kulm and 
Suess, 1990; Paull et al., 1992; Dia et al., 1993]. This 
precipitation results from excess carbonate generated by the 
anaerobic microbial oxidation of methane in the case of carbonate 

and from mixing of Ba-saturated vent fluid with SO4-rich bottom 
water in the case of barite [Ritger et al., 1987; Torres et al., 1996]. 
Aside from their variable composition and apparent disequilibrium 
mineral assemblages, vent carbonates are always enriched in •51-•C. 
Extreme stable isotope values of between-40 and-70%,, PDB have 
been reported [Ritger et al. , 1987; Roberts and Aharon, 1994]. At 
both the Edge and the Shumagin sectors, carbonate and sulfate 
precipitates occur as a result of fluid venting. They range from 
disseminated microcrystalline phases to fragile linings of fluid 
channels to large, dense impermeable precipitates and crusts. 
Their presence in certain depth horizons is evident from the 
chemical composition of sediments, particularly when cores from 
on-vent locations are compared to those from off-vent locations. 
Most prominent are zones of vent-induced calcium carbonate and 
barite formation at station 97-66 in the Edge sector. At a depth 
between 5 and 35 cm below seafloor the CaCO 3 content increases 
to almost 10 wt % from a level of usually no more than 1 wt % 
and the total Ba content from a background of-700 ppm to almost 
6000 ppm. The distribution of these precipitates downcore is dis- 
cussed later in the context of pore water chemistry from their 

composition (•5•80 = +2.1 to +3.2%0 _+ 0.1%o PDB) is significantly 
"lighter" than would be expected from equilibrium with the low 
bottom-water temperature and oceanic isotope composition. At 
present, it is not clear whether the "light" oxygen isotope values 
indicate formation at elevated temperatures or precipitation from 
fluids having a different b•80 makeup than present day seawater. 
The vent carbonates from Edge and Shumagin sectors differ in 
their b•'•C values by approximately the same magnitude as do the 
tissues of the vent organisms from the two areas, except the range 
of values for tube worm from Edge is large. Since all specimens 
from Edge belong to different taxa, isotope fractionation during C 
incorporation into the tube worms seems likely, although different 
sources of nutritional carbon cannot be excluded. 

4. Fluids and Flow Rates 

Ever since the discovery of subduction vents, the magnitude of 
flow and the modulation of flow rates over time remain two of the 

most significant open questions. The flow rate is important for 
estimating fluid budgets and mass transport rates. It is a key 
parameter for modeling tectonic dewatering during subduction 
accretion and is considered of major importance in the buildup of 
mechanical stress which eventually may lead to earthquakes 
[Sammonds et al., 1992]. Combining direct flow measurements at 
active vent sites with sequential water sampling and high- 
resolution pore water chemistry is our approach to quantify flow 
rates and chemically diagnose vent fluids. 

A TV-guided instrument for vent fluid sampling (VESP) has 
been available for the in situ measurements of flow rates from 

vents, which is described in detail elsewhere [Linke et al., 1994; 
Carson et al., 1990]. This instrument, not unlike a benthic 
chamber, is towed close to the seafloor near active dewatering 
zones and placed over vent colonies when the track accidentally 
passes directly over an active vent. Precise active deployment is 
not possible as in the case of submersible or ROV operations. On 
average, six to eight attempts are needed for one successful VESP 
deployment by towing. Besides a thermistor flowmeter which is 
positioned in the channeled flow which emanates from the 
seafloor, the benthic chamber contains sequentially triggered 

surrounding sediment, vent fluid composition, and flow rate esti- water samplers which enable monitoring of the concentration 
mates, but first we describe here the appearance of the changes of certain vent tracers with time. Methane, sulfide, 
precipitates, as diagnostic features for cold vents. 

Scanning electron microscopic (SEM) images from the 
macroscopically identifiable precipitates of the Mg calcite and 
barite linings of open channels in sediments from the Edge sector 
(station 97-66), and from the carbonate crusts from Shumagin 
(station 97-97) are shown in Figure 6. The barium sulfate crystals 
are composed of a dense filling of fragile barite needles (Figure 
6d) which show a palisade fabric (Figures 6a and 6c) and often a 
concentrically layered structure (Figure 6b) which represents 
several generations of precipitation. The dense carbonate crusts 
from the Shumagin sector appears under the SEM as a 
structureless cryptocrystalline matrix < 2-3 gm that forms an 
intergranular cement. Euhedral Mg-calcite crystals (Figure 6f) 
were only found in larger pore space cavities such as in diatom 
frustules and radiolarian tests (Figures 6e and 6g). The mineralogy 
of both Mg-calcite and barite was confirmed by X ray diffraction. 

The carbon isotope signature (•5•3C) of the Edge carbonates 
ranges from -10.7%o to -14.3%o and of the oxygen isotopes (b•80) 
from 1.1%o to +2.9%0 PDB (Figure 7). The Shumagin precipitates 
are also calcitic but consist of cryptocrystalline subparallel layers 
which coalesce to form large aggregates. The carbon isotope 
composition is between -45.9 and-50.8%0 PBD, in agreement with 
values of other vent carbonates worldwide. The oxygen isotope 

oxygen, 4He, Ba, and Li have been successfully used as tracers 
[Linke et al., 1994; Torres et al., 1996]. A typical deployment time 
at present is between 30 and 60 min. Modifications of the 
instrument are underway to extend on-bottom time considerably 
by decoupling the system from the surface vessel after deployment 
and utilizing a free-return mode of the instrument when the 
sampling and measuring cycle is completed. 

The VESP instrument, when deployed sufficiently long over a 
vigorously flowing vent, samples a mixture of vent fluid and 
ambient bottom water. Once vent fluid tracers have been identi- 

fied, their tlux rate into the bottom chamber of the VESP 

instrument can be used to derive the water flow. Likewise, the 
oxygen demand of a vent ecosystem may, under certain 
assumptions, also yield vent fluid flow [Wallmann et al., 1997b]. 
These estimates may then be compared to directly measured rates 
by the VESP flow meter, as previously shown by Carson et al. 
[1990] and Linke et al. [1994] and to geophysically derived rates 
[von Huene et al., 1997]. 

4.1. Direct Flow Measurements 

VESP deployments at the eastern Aleutian subduction zone 
yielded results close to the detection limit of the thermistor flow 
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d 

Figure 6. Scanning electron photomicrographs (SEM) of barite precipitates as fragile linings in fluid channels 
from sediments of the Edge sector; station 97-66 (Figures 6a, 6b, 6c, and 6d) and of carbonate cemented 
sediments from station 97-79 (Figures 6e, 6f, and 6g). Mineralogy by energy dispersive (EDS) and X ray 
diffraction (XRD) analyses. Scale bar for Figures 6a and 6e is 30 pro; (scale bar for Figures 6b, 6c, 6d, 6f, and 6g 
is 10 Bm. 
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Figure 7. Comparison of stable carbon versus oxygen isotopes 

metabolite concentrations in pore fluids from on-vent site 97-66 
(Figures 8a-81). 

4.3. Fluid Composition and Mixing 

The pore fluids, especially those from the heavily sedimented 
vents as in the Edge sector, represent a mixture of vent fluid, 
diagenetic pore water and to a considerable degree ambient 
bottom water. The latter is pumped and recirculated into the vent 
system by benthic biota [Wallmann et al., 1997b]. The end- 
member composition of the pristine vent fluid and the diagenetic 
pore water cannot, at present, be exactly differentiated, but the 
contrast between the concentration-depth profiles from on-vent 
and off-vent locations identifies the dominant fluid transport 
modes and the environment in which diagenetic precipitates form. 
The most dramatic differences in pore water chemistry and solid 
phase composition between on-vent and off-vent sites are shown 
in Figures 8a-81 and briefly summarized here for the Edge sector 
based on data from stations 97-66 and 97-72. A more detailed 

discussion of these data is given by Wallmann et al. [1997b]: (1) 
Methane is virtually absent in the sediments from the off-vent site 
but high at the on-vent site (Figure 8c). Owing to the lack of 
sufficient closely spaced samples, the profile is a composite of 
sediments from stations 97-66 and 97-22. The low methane 

content of two off-vent cores is shown as well (stations 97-72 and 
97-88). (2) Calcium carbonate and barite precipitates form distinct 
layers in the on-vent sediment (Figures 8a and 8b). It appears that 
the CaCO3 layer is located at depth (maximum at 32 cm below 
seafloor (bsf) with two barite layers above (maximum at 16 cm bsf 
and 8 cm bsf). The process controlling formation of these 

from vent carbonates and pogonophoran tubes between the Edge precipitates is not subject of this paper; (3) however, the pore 
and Shumagin sectors. Consistently lighter C isotopes at 
Shumagin might indicate methylotrophic, and heavier C isotopes 
at Edge might indicate thiotrophic vent metabolism. 

meter. In the Shumagin sector (station 97-104), we recorded 
directly a water outflow of 10 + 8 L m-2 d-• (= 240 + 200 L m '2 d 'l) 
averaged over short deployment periods of up to 40 min. This 
value falls into the lower range of previous measurements off 
Oregon and Peru where between 500-1700 L m '2 d '• were 
recorded, although the margin of error is rather high for the 
Aleutian Trench data. 

4.2. Biogeochemical Approach 

In the Edge area the thermistor measurements produced no 
reliable results due to very slow flow rates. Nevertheless, the 
water samples recovered during four successful VESP deploy- 
ments allowed the quantification of fluid flow based on a 
biogeochemical approach. A steady decrease in dissolved oxygen 
with time was observed at vent sites and used to calculate an 

average oxygen consumption rate of 3.3 + 0.4 mmol m -2 h '•. The 
rate is 2 orders of magnitude higher than the benthic oxygen flux 
at deep-sea locations not influenced by fluid venting [ Wallmann et 
al., 1997b]. It is caused by the oxidation of reduced inorganic 
compounds transported to the vent site by the tectonically driven 
fluid flow. Using the contents of methane (0.3 mmol), sulfide (4 
mmol), and ammonia (3 mmol) in vent fluids of core 97-66 from 
the Edge area, the average fluid discharge at vent sites was 
calculated to be 0.23 L m -2 d 4 [Wallmann et al., 1997b]. The vent 
fluid composition used is that represented by the highest 

water data on dissolved calcium (Figure 81), barium (Figure 8k), 
and ,Y_,,CO2 along with the •5•3C of ,Y_,,CO2 (Figure 8i) clearly 
document a relationship between diagenetic environment and 
mineral formation. (4) On the basis of their dissolved C1 (Figure 
8d) the pore waters from both sites are indistinguishable. (5) The 
on-vent site lacks a nitrate-containing suboxic layer (Figure 8e). 
(6) Very low sulfate contents, high sulfide concentrations (Figure 
8h), and very high ammonia concentrations (Figure 8g) 
characterize the on-vent sediments. These early diagenetic 
metabolites and methane are oxidized and consumed in or near the 

sediment surface by the vent megafauna and the energy released 
during these redox reactions is used by the benthic organisms for 
growth and metabolism. 

The shape of several dissolved constituents of the on-vent pore 
water profiles indicates that the topmost 25 cm are influenced by 
the mixing of vent fluid with bottom water via bioirrigation. The 
irregular distribution and elevated NO 2 contents (Figure 8f) attests 
to pumping activity. The peculiarly depleted SiO2 concentrations 
in the on-vent sediment (Figure 8j) is due to the same process. 
Because dissolved silicate is not consumed by organisms it may 
serve as a tracer for fluid mixing [Wallmann et al., 1997b]. 
Bioirrigation manifests itself at site 97-66 in lower concentrations 
of silica and elevated NO 2 contents. The benthic megafauna 
pumps bottom water with low SiO2 content and some free oxygen 
into the vent system, thereby diluting the diagenetic pore water. 
Using a transport reaction model, bioirrigation was identified as 
the dominant transport mode at vent sites in the Edge area 
[Wallmann et al., 1997b] The bivalves at vent sites pump water 
through their bodies and through the surrounding sediments at a 
rate that is several orders of magnitude higher than the tectonically 
driven fluid flow. Taking the abundance of Solemya sp. and 
Calytogena sp. at the vent sites, it may be estimated that the 
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Figure 8. Comparison of sediment composition and pore water chemistry between on-vent (station 97-66, solid 
symbols) and off-vent (station 97-72, open symbols) locations at Edge sector (see location map of Figure 2). The 
on-vent characteristics are (a) CaCO 3 and (b) Ba in layers; (c) high CH4; (d) normal oceanic C1; (e) lack of NO 3- 
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biological pumping rate is close to 100 L m '2 d -• whereas the 
tectonically induced fluid flow amounts to only 0.2 L m '2 d 4. 

5. Discussion 

The importance of these considerations for the deep-sea 
environment depends on the reliability of large-scale regional and 
eventual global extrapolation to the world's subduction zones. 
Geophysical approaches have in the past been the only attempt at 
estimating subduction-generated fluid return fluxes. The dis- 
crepancy among these estimates, based essentially on gross 
porosity reduction from seismic velocity analyses, and the directly 
measured flow rates have been pointed out repeatedly. Up to now 
there has been no compelling idea put forward on how to reconcile 
these order-of-magnitude differences. In the context of our 
investigation we can now, for the first time, make a reliable 
comparison of both approaches. Friihn [1995] and von Huene et 
al. [ 1997] have derived a detailed porosity reduction for the Edge 
sector based on combined reflection and refraction velocity 
analyses for sediment deformed during the last 500 kyr (Figure 9). 
This shows that the initial dewatering during formation of the first 
and second ridges was associated with up to 50% of the total net 
fluid loss occurring principally across a 5.5 km wide zone adjacent 
to the deformation front. The highest rates of dewatering and 
tectonic shortening occur as imbricate structures develop adjacent 
to the deformation front and sediment becomes consolidated 

sedimentary rock. Thereafter porosity reduction is relatively slow 
and involves deeper sedimentary units. 

During our R/V Sonne surveys the areas of the first and 
second deformation ridges were imaged by the EXPLOS video 
and by ROPOS camera surveys. The segment corresponds to km 7 
to 12.5 km on the reconstructed fluid loss profile (Figure 9) by von 
Huene et al. [1997]. Over this distance of 5.5 km, 36.5% of the 
total fluid loss occurs which translates into a mean dewatering rate 
of 0.02 L rrf 2 d '1 or 8.6 L m '2 d '•. Our survey clearly revealed that a 

minimum of 0.1% of the segment between km 7.0 and km 12.5 
showed venting [Sahling, 1997]. Hence an average rate of 20 L m' 
2 d-1 per active vent is expected based on the geophysical estimate. 
This is in surprisingly good agreement with the biogeochemically 
derived rate of 5.5 + 0.5 L m '2 d -•. The large biological pumping 
rate at vent sites may bias the thermistor flow measurements and 
the determination of fluid flow rates from biogeochemical and 
temperature gradients in surface sediments. We feel that the 

previous discrepancies in reported flow rates may be partially 
caused by this effect. 

6. Conclusion 

Along the Aleutian subduction zone, fluid venting was directly 
observed along an 800 km long segment of its deep-sea trench off 
Alaska. Geophysical anomalies associated with venting here are 
observed an additional 250 km toward the northeast. The cold 

seep sites are concentrated at the initial ridges associated with the 
deformation front and are controlled by structure. The character- 
istics of cold seeps seen at other convergent margins are all 
documented along the lowermost, seaward facing slope of the 
Aleutian Trench. These characteristics include (1) methane plumes 
in the lower water column; (2) plume maxima which are traceable 
to deformation ridges and structural settings associated with vents; 
(3) evidence for a small temperature anomaly at the cold seep 
sites; (4) prolific colonies of vent biota aligned and distributed in 
patches controlled by fault scarps oversteepened folds or bedding 
exposed by mass wasting; (5) calcium carbonate and barite 
precipitates at the surface and subsurface of cold vents; and (6) 
carbon isotope evidence from tissue and skeletal hard parts of 
biota, as well as from carbonate precipitates, that vents expel 
either methane- or sulfide-dominated fluids. This difference in 

chemistry might be related to age and source depth of fluids; they 
may have migrated from great depth along vertical shear faults in 

EDGE-Line 302 

Th ird Ridge Second First 
Ridge Ridge Aleutian Trench 

• igneous basement -'"-/'-'""- 

•[] gradient of fluid loss in %/km profile length 

20 km 

5% 

10 km 0 km 

Figure 9. Structure of accretionary complex in the Edge sector; line drawing from the SW part of line 302. Fluid 
loss in percent of total dewatering per kilometer profile length and 1.8 My of convergence age; fluid loss is 
calculated from porosity reduction and convergence reconstruction [modified from Frahn, 1995; von Huene et 
al., 1997]. 
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the Shumagin sector. A biogeochemical approach toward estimat- Fiala-M•dioni, A., and M. LePennec, Adaptive features of the bivalve 
ing fluid flow rates based on oxygen consumption and fluid molluscs associated with fluid venting in the subduction zones off 

Japan, Palaeogeogr. Palaeoclimatol. Palaeoecol., 71,161-168, 1989. 
chemistry at vent sites in the Edge sector converges towards a Fiala-M•dioni, A., J. Boul•gue, S. Ohta, H. Felbeck, and A. Mariotti, 
mean value of 5.5 + 0.5 L m '2 d '• for tectonics-induced water flow. Source of energy sustaining the Calyptogena populations from the 

deep trenches in subduction zones off Japan, Deep Sea Res., 40, 1241- 
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