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My background: 

 Acoustics: 

  Earthquake T-Phases 

 Seismology - 

  Moon, Mars, oceans 

 Ocean Observatories: 

  Loihi, Mid Pacific, Station ALOHA 

 End of Cheap Energy 

  



Deep Submarine Eruptions are DIFFICULT to detect. 

 

 WHY? 

Often, it isn't the ERUPTION that's detected, but the 
associated earthquakes.  As magma moves in the 
earth, generating new dikes and sills, earthquake 
swarms are generated, usually with a small "b-value", 
implying mostly small earthquakes. 



Another factor limiting the effectiveness of using sound to 
locate deep-ocean eruptions is the ocean sound channel. 



What can be 
learned about 
a source from 
a single 
hydrophone? 



What can be used if the signal is detected on TWO 
hydrophones? The SPEED OF SOUND in water is nearly 
constant at 1500 m/s, so the DISTANCE to an object is 
proportional to the travel time. 

With two hydrophones the source is constrained to lie on a 
curve where the ratio of the distances between the two 
hydrophones is fixed.  

The curve is a 
hyperbola, and the 
source must lie on 
the line that 
describes all points 
that have the same 
arrival time 
difference at the two 
hydrophones. 



Add a third 
hydrophone, and the 
location is found. 

The T-Phase Project 
 
From 1964-1972, the Hawaii Institute of 
Geophysics collected hydrophone data from 
arrays of hydrophones around the N Pacific 
to use for earthquake location. The 
hydrophones were publically used for 
air/sea rescue, but were likely used by the 
Navy for submarine monitoring.  
 
During that time, the arrays also detected 
several swarms of volcanic events. 
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May 19, 1996-
May 19, 1999 
seismicity from 
PMEL equatorial 
hydrophone 
array. Note 
distant sources 
are aligned 
along great 
circles through 
the hydrophone 
array. 

Compare this map from the T-Phase Project of the late 1960's 
with the previous map. The "error ellipses" point towards the 
center of the array. 



A second detection and location method involves the use 
of closely spaced hydrophones in large arrays, and a 
process called BEAM FORMING.  This is a method used 
by the navy for location of ships and submarines.   

In the cold war, SUSUS arrays were placed on the ocean 
floor in many locations to note the passing of submarines 
across the oceans. Some of these arrays have been re-
activated in a limited basis for location of earthquakes and 
volcanic activity, particularly in the Juan de Fuca area off 
the US NW coast. 
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