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	Measurement:
	EM302 Water Column Data
	EM710 Water Column Data
	AUG phased array Doppler Sonar Water Column Data

	Ladder Rung: HC Seep
	

	Feature: Vertical ribbons of increased acoustic backscatter in water column 
	Water column plumes are sub-vertical when driven by buoyant rise of gas bubbles.  Resonance of input acoustic signal with gaseous bubbles in water column creates backscatter signal with characteristic geometry distinguishable from noise (e.g., ocean density structure or schools of fish) .

	Likelihood: Acoustic backscatter anomaly is hydrocarbon bubble plume
	Other ocean phenomena create acoustic backscatter, including fish schools and marine layers.  Consistent filtering parameters eliminate many noise sources.  Confidence criteria for anomaly shape, position in water column, and backscatter amplitude distribution further increase probability that acoustic anomaly represents methane bubble plume.
	Limited range (~50 m) and 600 kHz sonar frequency help minimize interference from oceanographic features like marine layers while providing high spatial resolution near seafloor. Range makes attributes like plume shape difficult to assess.

	Instrumental Criteria
	Quantifiable (Detectable)
	30 kHz sonar creates resonant frequency with common range of bubble sizes in methane bubble plumes.
	70 kHz sonar creates resonant frequency with smaller bubbles in methane bubble plumes; 70 kHz data appears to have lower signal:noise than 30 kHz data.
	600 kHz sonar resolves bubbles across typical (mm to cm) size distribution associated with natural seeps. Acoustic water column anomalies are consistent with location of bubble plumes identified by conventional MBES systems.

	
	Contamination-free (Likelihood of false positive)
	Comparison of EM302 and EM710 results provide scant evidence for false positive outcomes, especially when intergrated with seafloor backscatter and ROV observation results.
	Many anomalies correlate with those identified by conventional systems, but clusters of anomalies identified only by this system could indicate false positive results. Simultaneous high intensity water column contacts detected on more than one of the 4 beams provide increased confidence of true positive result.

	
	Repeatable
	When data collected by multiple systems at same time, different systems reproduce same bubble plume.  However, some anomalies only identified by one system (Sonar_Comparison.docx).  Variable natural plume flux hinders repeat analysis.

	Contextual Criteria
	Detectable
	Detection limited by bubble flux.  High bubble flux detected by all sonar systems, but low flux and bubble size distribution may be better detected by one sonar system than the others.

	
	Survivable (Likelihood of false negative)
	Only one cluster of anomalies identified on EM710 data (SA2; SC3) absent from EM302 data.
	Multiple occurrences of anomalies observed on EM302 data but absent from EM710 data.
	Results too new to properly evaluate.

	
	Reliable (Ambiguity of acoustic anomaly)
	Reliability increased by application of confidence criteria.

	
	Compatible (Specific to cold seeps)
	Acoustic anomalies identified in other settings (e.g., hydrothermal events) that are distinguished by mapping of seafloor morphology.

	
	Last-resort (Ambiguity of Interpretation)
	[bookmark: _GoBack]Bubble plumes of other gases (e.g., CO2) produce similar acoustic backscatter anomalies.  Contextual information about setting helps constrain probability that bubble plume is methane.

	Measurement:
	Water-column Mass Spectrometer
	CTD water sample (GC analysis of dissolved gases)
	Sediment Headspace Gas Sample

	Ladder Rung: Deep-Sourced Seep
	

	Feature: Plumes of C2+ hydrocarbon gases in water column and shallow sediment
	Water column plumes are sub-vertical when driven by buoyant rise of gas bubbles.  Ocean density structure (thermoclines) may trap horizontal plumes of hydrocarbons.  Plumes of seep fluids in sediments are heterogeneous and will include vertical and horizontal plumes.

	Likelihood: C2+ hydrocarbon occurrence reflects active seepage
	Higher hydrocarbons, especially propane and benzene, are rare in biologic reactions and require thermal stress on organic matter to generate gas species.

	Instrumental Criteria
	Quantifiable (Detectable)
	Detection of ethane, propane, and benzene gas species possible as signal:noise problem; quantifying gas concentration is more challenging.
	Detection of ethane, propane, and benzene gas species possible when interfering species in low abundance (i.e. elute at similar time – peak hiding in larger peak shoulder); quantifying gas concentrations possible with laboratory standards, but interfering peaks complicate result.

	
	Contamination-free (Likelihood of false positive)
	Molecular fragments with similar mass from other compounds rare in ocean but compound-specific.
	Gas species that elute at similar times as hydrocarbon gases are rare in ocean but compound-specific.

	
	Repeatable
	In controlled laboratory setting, species detection results are repeatable.
	Multiple gas aliquots drawn from same sample are repeatable.
	Multiple gas aliquots drawn from same sample are repeatable.

	Contextual Criteria
	Detectable
	Unpredictable time-varying seep flux creates time instances where seep is undetectable; water column information lost to currents and diffusion; sediment cores provide better time-integration.

	
	Survivable (Likelihood of false negative)
	Mass spec runs continuously in situ and samples more sites than discrete samples; chance of missing small plume is less than other methods; application of moving (relative) baseline risks missing small anomalies if background gas concentration elevated (i.e. smog).
	Tripping sample collection bottle from ship can result in missing vertical plume; loss of plume signal by biodegradation in shallow sediments possible for low flux seeps.
	Subsurface migration pathways have limited dimensions and can be difficult to encounter with a core; loss of plume signal by biodegradation in shallow sediments possible for low flux seeps.

	
	Reliable (Ambiguity of acoustic anomaly)
	Detection of methane, ethane, propane, and benzene in the same sample (same location) results in greater reliability than identification of only one species.  If only one species identified, benzene is more reliable than ethane.

	
	Compatible (Specific to cold seeps)
	C2+ hydrocarbons exist in many Earth environments but enter the ocean through seeps.  While there is little to no temperature anomaly associated with most hydrocarbon seeps, there are instances where fluid temperatures are >2-5 deg. C higher than ambient seawater.

	
	Last-resort (Ambiguity of Interpretation)
	The presence of ethane, propane, and benzene provide compelling evidence that gas component of fluid is deep-sourced.  Hydrocarbon gases may become decoupled from inorganic species, particularly for shallow silicate diagenetic reactions.
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