EX1005 Mariana Trench EM302 Data                                                                        
Multibeam data collected by the Okeanos Explorer on August 24, 2010                                                    
By Shannon Hoy 

Overview
On August 24, 2010, during the transit from Guam to Hawaii (EX1005), the Okeanos Explorer once again crossed the Mariana Trench.  On the previous crossing of the Mariana Trench during the EX1003 cruise it was observed that the EM302 (multibeam) could acquire data up to a depth of 8000m, which is the maximum depth that SIS is hard-coded to accept.  This is nearly a 1000m extension of the designated range of the EM302.  The objectives of EX1005 while transiting over the trench were: 1) Be able to obtain data up to the 8000m mark and 2) Improve the data quality leading up to and exiting the trench.  Throughout EX1005, the system was able to achieve a higher quality of data up to 8000m on both entering and exiting, especially exiting, the Mariana Trench.  Weather conditions did not have a significant effect on the acquisition or quality of data, being as the seas were mild with wind speed ranging from 11-16kts and an average swell height of 2-4ft. 
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Figure 1: EX1005 EM302 and EA600 data acquired over the Mariana Trench under laid with wireframe of Sandwell and Smith data.

Going Over the Trench
Throughout the time period of 0600-0655 (Guam local time), the Okeanos Explorer acquired data while entering the Mariana Trench.  During this time Seafloor Information System (SIS) collection setting stayed in Manual Ping Mode/Extra Deep and the Along Direction at all times equaled 0.  At 0600 the Okeanos Explorer reached the 7000m Sandwell and Smith contour line. The angular coverage mode was set at 30/30, the spike filter set at medium to eliminate artifacts, and the ship was transiting at 10kts.  At this time the bottom was still very broken.  In an attempt to obtain higher data quality the maximum port/starboard angles were brought in from 30/30 to 15/15 and the ship slowed down from 10kts to 8kts to 7kts. The EA600 (singlebeam) was turned on, and set to multi-pulse ping mode, which is the recommend setting for deep water because it provides higher accuracy data (EA600 operator manual, Kongsberg 2006).  At 0626, after all of these changes, the bottom looked much better, especially at the outer beams. The range gate stayed narrow and Expendable Bathythermograph (XBT) #4 was applied to both the EA600 and the EM302 data. At 0644 and a depth of 7964m, nadir began to drop out and created a hole in the bathymetry (Figure 2).  SIS had reached its maximum depth of 8000m. The port side continued to acquire data until 0655 when it arrived at the depth of 8000m. The singlebeam and multibeam stayed close in depth, approximately only 50m different.   At this time the multibeam stopped logging and pinging and a Built in System Test (BIST) was performed while the ship transited to the other side of the trench. 
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Figure 2: SIS acquisition screen showing the EM302 data creating a hole where nadir reached a depth of 7964m at 0644.

As the Okeanos Explorer transited to the eastern side of the Mariana Trench the EA600 was kept on to track the depth.  At 0845, when the EA600, which reached a maximum depth of 9514m, approached the eastern 8000m contour, the EM302 was restarted and both the singlebeam and the multibeam were pinging.  The EM302 was not able to find bottom at this time.  Concurrently, the ship was at a decreased speed of 5kts for Continuous Plankton Recorder (CPR) recovery.  Since the settings going into the trench allowed quality data to be collected, the SIS collection settings were still set at Manual Ping Mode/Extra Deep, Along Direction equaling zero, and the port/starboard maximum angle set at 15/15.  Force depth of 8000m was utilized to find the seafloor and the first ping was achieved at 0849 at a depth of 8000m. Line number 04 began to be logged.  Five minutes later the data quality was excellent, excluding outer-beam artifacts, with approximately a 4000m swath locked on the seafloor at 7900m (Figure 3).
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Figure 3: SIS acquisition screen displaying the quality of data achieved by the EM302 exiting the trench at a depth of 7880m.

In an attempt to rid the data of the outer-beam and nadir artifacts, the EA600 was turned off and the spike filter remained at medium.  These changes seemed to improve the data. Since the EM302 was maintaining a lock on the bottom, the settings in SIS were manipulated in order to acquire a wider swath width on the seafloor and to observe what affect different settings had on the incoming data, with the ship at a speed of 5.5kts for CPR deployment.  Between 0911 and 0918 the max angle port/starboard was increased to 20/20 and the minimum depth was decreased to 3000m.  At 5.5kts neither of these changes caused deterioration in the data quality.   Around 0950 and a depth of 7400m the ship speed increased to 7kts.  Force depth was needed for the first time and continued to be used for the next ten minutes.  The range was narrowed by changing the minimum depth to 5000m in order to focus the beams on the 7189m depth of the seafloor. With the ship up to full transit speed at 10.5kts the Ping Mode was set to Auto (Extra Deep), the max angle of coverage set to Auto (18/16 port/starboard), and the min/max depth to 6000m/7500m.  Even with the ship at transit speed, quality data was still acquired.  The range and the angular coverage mode were gradually increased and the EM302 maintained quality data throughout exiting the Mariana Trench. 

Findings
Between the two cruises, higher data quality was collected throughout the EX1005 transit from Guam to Hawaii cruise (Figure4).  One of the major factors that seemed to affect the quality of data was the speed at which the ship was traveling.  The ship exiting the trench through the EX1005 cruise was already traveling at 5kts for another projects specification, while the average speed of the ship during the EX1003 ship was around 8.25kts.   The three knot difference might have allowed the EM302 to originally find the bottom easier.  It also seems that starting with the system in manual mode over auto mode and having a narrower angular coverage allowed the EX1005 cruise to obtain greater data quality.  Another major difference in the SIS settings during the transit was that unlike the EX1003 cruise where the Along Direction varied from -7 to 7, the Along Direction stayed at 0 throughout the entire crossing of the trench. During the EX1005 cruise, the SIS collection settings were gradually moved from specified parameters to a more broad range of settings.  This gradual change seemed to help the EM302 maintain a lock on the bottom while the ship slowly increased speed. A setting that has been observed to reduce “railroad track” artifacts is the penetration filter set to off (discovered after crossing the Mariana Trench in EX1003), which was also used for the EX1005 transit through the trench. 
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Figure 4: Comparison of flat EM302 and EA600 data collected during the EX1003 and the EX1005 cruises.

It was theorized during the EX1003 cruise that upon exiting the trench, the EM302 might have had to re-establish itself with the seafloor after pinging was disabled at 8000m.  On August 24, 2010 the EM302 had no issue with re-establishing itself and immediately the seafloor was found with the ship traveling at 5kts.  Therefore, this theory was most likely not the reason that the EM302 had issues with originally finding the seafloor when exiting the Mariana Trench. 

Large rail road tracks and smiles were observed while exiting the trench on the EX1003 cruise.  At this time the EA600 was turned on.  During EX1005, when exiting the trench, artifacts were observed while both the multibeam and the singlebeam were pinging.  Upon securing the singlebeam the outer-beam and nadir artifacts observed in SIS seemed to diminish. The EX1003 cruise established the possibility that the EA600 could in times help the EM302 collect better data.  So, the question is; did the EA600 help to cause the artifacts observed in the previous cruise, or was that due to not utilizing the penetration filter on the multibeam or the multi-pulse mode on the singlebeam as demonstrated on EX1005?

 It is important to note that the two transits were traveling in opposite directions while crossing the trench and the bathymetry is different on either side (Figure 5).  Both cruises obtained better data when traveling over the steeper slope on the eastern wall of the trench, whether they were entering or exiting the trench.  It is known that the EM302 tends to create better data when the seafloor has more features and a harder substrate for the bottom.  Therefore, it could be a possibility that the type of bathymetry shaped the quality of data the EM302 gathered. 
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Figure 5: Comparison of EM302 and EA600 data collected during both the EX1003 and EX1005 cruises under laid with wireframe of Sandwell and Smith compiled data


Conclusions
Once more, while crossing the Mariana Trench, the EM302 was able to obtain data up to the 8000m Sandwell and Smith contour line.  The EX1005 cruise was able to achieve better data quality than the EX1003 cruise.    The major differences in acquisition setting were the ships speed (slower), the penetration filter (off) and the EA600 ping mode (multi-pulse). It is uncertain if any of these variables individually affected the data quality more than another or if it is the combination of settings that was most successful.  The EX1005 data did not encounter the same anomalies in the backscatter- this is most likely due to using multi-pulse ping mode verses maximum ping mode, which is typically used.  In the future it would be interesting to manipulate just the effect of the EA600 on the EM302 while leaving all other variables at a constant.  Even after crossing the trench for a second time, it is apparent that there is still more to learn about the system operating in these depths.
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