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At the beginning of this past week, we recorded the last seismic profiles in the Winona 

Basin, and successfully completed all seismic measurements on Monday, October 3rd. 

In total, we acquired approximately 300 km of seismic data with the large airgun array 

for the refraction experiment with the OBS, and about 700 km with the smaller GI 

airgun. Simultaneously with the seismic measurements, we recorded sub bottom 

profiler (PARASOUND) and multibeam echosounder data. Overall, data quality is 

excellent, and despite some interruptions due to sightings of whales and other marine 

mammals, we have collected a complete set of data to attempt a tectonic interpretation 

of the Winona Basin and “edge of subduction” of the Explorer Plate off the northern tip 

of Vancouver Island. The penetration depth of records from the small GI airgun (with a 

volume of 355 in3, or about 6 L) was surprisingly good, at around 1.8 seconds (two-

way time) in many parts of the basin, which is approximately equivalent of a depth of 

1.5 km. The seismic data show several complex fault systems (Figure 1), which we will 

combine with the bathymetry data for a tectonic interpretation of the tectonic stresses 

in the region. 

Figure 1: Example of a fault system (black arrows) identified in the Winona Basin 

(Processing by: Elisa Klein). 



 

Figure 2: Multibeam bathymetry coverage of the Explorer Plate region from SO294 in color. Basemap 

contains data from Kung (2021) and GMRT (Ryan et al., 2009) in grey-scale. 
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During our mapping and acoustic measurements, we also record the water column 

data from the multibeam sounders. This is used to detect natural fluid and gas seeps 

on the seabed, so-called gas plumes. These gas plumes are caused by acoustic 

backscatter from rising gas bubbles. To date, we have identified around 20 gas plumes 

in the north-eastern section of the Winona Basin in water depths ranging from 1660 m 

to 480 m (Figure 3).  

 
Figure 3: Examples of two acoustic water column fan-view profiles from the EM 122 multibeam sonar 

showing gas fares (black arrows) In the north-eastern region mapped within the Winona Basin  

(Image: Jessie Kehew). 



Despite adverse wind and wave conditions (wind force of approximately 6-7 throughout 

this week), we recovered our 20 ocean bottom seismometers (OBS) and successfully 

backed up the data within just under 2 days.  

The rest of the week was spent alternating instrument deployments with the heat probe 

(Figure 4) and the gravity corer. This was the first use of the heat-probe during SO294. 

The principle of heat-probe measurements is simple: the probe weighing ~1.5 tons 

consists of a topweight containing all electronics, and a 6 m long steel rod to which a 

temperature string of 22 individual thermal sensors is attached (Figure 4). The probe 

is lowered from the ship by a winch-wire to the seafloor and penetrates by its own 

weight into the sediment.  

 

Figure 4: Deployment of the heat-probe (Photo: Sarah-Marie Kröger). 

After penetration, frictional heating causes temperature to rise along the temperature 

string (Figure 5). The temperature adjustment after the probe has fully penetrated into 

the sediments allows estimation of the in-situ temperature and thus the temperature 

gradient in the subsurface. After a 7-8 minute long waiting period for the sensors to 

adjust to the prevailing ambient temperature in the subsurface, a controlled short 

thermal pulse is released and the temperature drop after this pulse is measured to 

calculate the thermal conductivity of the sediments (Figure 6). Together with the 

temperature gradient, this is then used to determine heat flow.  

 

Figure 5: Example of a raw temperature 

record prior to calibration of a heat-probe 

measurement at Station P1_T01, location 

see figure 7. Frictional heating is followed by 

adaptation of the sediments to in situ 

temperature in the subsurface, and the 

decline of temperature after a controlled heat 

pulse indicates thermal conductivity of the 

sediments. 

 



 
Figure 6: Left: Temperature-depth profile at station P1_T01 with calculated thermal gradient 

(~166°C/km). Right: Depth profile of the thermal conductivity of the sediment. Together, this results in 

a heat flux of 155 mW/m2. 

In total, we made 30 heat flux measurements along the two main seismic refraction 

profiles (Figure 7). The measurements were almost all successful, but it was difficult to 

penetrate the sediment on two ridge structures. The probe could not penetrate deep 

enough into the sediment there, so no heat flux data are available at these stations. 

However, this does not pose a problem to the overall interpretation of the temperature 

data, as we were able to identify the bottom simulating reflector ("BSR") across these 

ridge structures in our seismic data. The BSR marks the lower boundary of the gas 

hydrate layer and is thus equivalent to an isotherm, and thus indirectly provides clues 

to the heat flux. 

 

 

Figure 7: Map showing the heat-

probe stations occupied in the 

Winona Basin (black points). White 

points mark sites of no penetration of 

the probe due to hard ground. For 

comparison, data form the 

international heat-flow data base 

(http://ihfc-iugg.org/products/global-

heat-flow-database) are given 

including previously determined 

thermal gradients (orange symbols). 



With a total of 12 sediment cores taken at 5 submarine slope failures (Figure 8), we 

have also completed the coring program in the Winona Basin on Sunday, October 9. 

The sediment cores were sampled for pore water with rhizones and the samples were 

secured on board for later measurements in the laboratory at GEOMAR. The pore fluid 

sub-samples are now stored in refrigerators and freezers on board until further 

transport to Kiel. 

Figure 8: Map showing all gravity cores taken at submarine slope failures in the Winona Basin. 

 

 

All on board are well and send greetings home. 

 

Michael Riedel (on behalf of all participants of Expedition CLOCKS) 

(GEOMAR Helmholtz Center for Ocean Research Kiel) 


