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Oblique aerial view of Ritter (05.52°S, 148.121°E) by John Holder (2006), from SW 

(looking NE), with some of the location names used in this report. 

 

 
Ritter from the NE, showing the eastern flank (National Disaster Center, 22/5/2007) 
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The June 2009 Investigation Of Ritter Volcano, 

With A Brief Discussion On Its Current Nature   
 

Summary   
During a cruise to Ritter Island and it environs, at the invitation of Oceanic Expeditions, 

four days of baseline seismic data were recorded on Ritter during a quiescent period, this 

was only the second time a seismometer had been operated there.  A series of dives added 

considerably to our knowledge of Ritterôs near-shore structure and erosion rates.  The 

first reported active thermal spring was found at 9 m depth in the South Cove. It would 

seem that erosion since the 1970ôs has revealed previously hidden hydrothermally altered 

rocks, or that alteration has occurred since that time. It was found that the Southern Islet 

is only the surface part of a massive lava body at least 70 m thick.  Photographs were 

taken of submarine and sub-aerial parts of Ritter for comparison with earlier images.  

Again evidence of rapid erosion was evident. Adding information from this investigation 

to the published and unpublished literature, Ritterôs post collapse history is reviewed and 

a number of alternative mechanisms for its recent, and its possible future behaviour are 

suggested.   

 

Eight rock samples were collected to augment earlier and on-going geochemical work. 

 

From villagers at Luther Anchorage, NW Umboi Island, it was learnt that the 2007 

tsunami did not enter the anchorage but was observed to pass westwards hitting Hein 

island and then the east coast of Tolokiwa.  It was further related that the 1888 event 

killed all but one man in the area; people from Tolokiwa repopulating the village and 

introducing their dialect to that part of Umboi.  

 

During the preparation of this report a rumoured 1997 eruption was confirmed to have 

actually occurred. 

 

A FlySpec sulphur dioxide meter was taken on the cruise.  Planned measurements at 

Langila volcano were not successful due to adverse wind directions.  However, 

successful measurements were taken at Garbuna volcano; no significant sulphur dioxide 

was present in the plume of that volcano (see separate report  OFR 004/2009). 
 

 

Introduction  

Rabaul Volcano Observatory (RVO) received an invitation from Oceanic Expeditions 

(OE) to have an RVO officer join that organization on a proposed voyage to Ritter Island, 

in June 2009. OE (a privately sponsored non Government organization, 

www.oceanicexpeditions.org based in Austin, Texas, USA) hoped to facilitate RVO in 

making beneficial scientific investigations at the remote Ritter volcano.  RVO accepted 

the offer as it would help fulfill their obligation to monitor all the potentially active 

volcanoes of Papua New Guinea. 

 

Steve Saunders (Chief Geodetic Surveyor) was nominated to go, being the only staff 

member with a diving qualification. 

http://www.oceanicexpeditions.org/
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Ritter Island is the subaerial remnant of a collapsed, but still active volcano at 05.52°S, 

148.121°E.  Due to its remoteness it is rarely visited and is unmonitored.  Coastal 

communities on Umboi and Sakar islands live within 10-15 km of the volcano and have 

been periodically affected by small tsunamis and earthquakes caused by activity at Ritter.  

Ritter is best known for its 1888 sector collapse event.  At that time a major part of its 

~1,170 m diameter (from pre-collapse description (Cooke 1983), although the still 

existing crescent has a distance across the cusps >600 m greater) and ~780 m high cone 

foundered into the sea, the largest such collapse in modern times (e.g. Cooke, 1981; 

Johnson, 1987; Ward & Day, 2003, Silver et al. 2005). The resultant tsunamis caused 

great loss of life in the region. Due to that collapse the position of the original central 

conduit (apparently still active, or reactivated) and an unstable steeply sloping remnant of 

the volcanoôs core (with some residual heat) are now below sea level, and as such all post 

collapse volcanism has been submarine in nature.  A small part of the original island still 

exists as a thin crescent <140 m high, <1,900 long and a couple of hundred meters wide.  

The concave western part opens in the direction of collapse and the eastern convex side is 

part of the original eastern flank of the volcano. 

 

Seismic Recording at Ritter Island 

A Taurus digital seismometer was installed at daybreak on 6
th
 June 2009. The sensor was 

placed in a shallow scrapping in rocky beach material close to a dyke that outcrops in the 

south part of the North Cove of Ritter (no. 1 on fig. 15).  The dyke, which is 

perpendicular to the cliff face, forms the north side of a small erosion cave at the back of 

the beach. The dyke and cave provided shelter for the seismometer on three sides, a low 

wall of rocks was built to provide some protection from westerly winds.  Wind directions 

at sea-level during this time were almost continuous south-easterlies; so the site was well 

sheltered.  During the only previous seismic recording undertaken at Ritter the sensor was 

placed on the north side of this 1.5 m thick dyke. 
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Figure 1. Four days of continuous seismic recording from Ritter Island, 6

th
 to 9

th
 June 

2009, using a Taurus digital recorder. 

 

Analysis of the record (fig. 1) reveals that no volcanic earthquakes occurred during that 

period, although background noise levels were apparently higher than seen on the only 

seismic recording collected on Ritter before, in May 2007 (see fig 2). 

 

Analysis of the 2009 data shows three kinds of seismic signal: - 

 

A) An almost continuous low frequency background signal with frequencies between 

1 ï 2 Hz. 

B) Discrete high frequency noise signals with a frequency equal or greater than 15 

Hz. 

C) Distant regional tectonic earthquakes. 

 

The almost continuous low frequency background signal may be interpreted as sea waves 

and/or wind imparting vibration to the substrate on which the seismometer was deployed.  

Due to the nature of Ritter it is impossible to deploy a seismometer more than a few 

meters from the shoreline so recordings will always be noisy. 

 

The small discrete high frequency events are problematic in interpretation.  They seem 

very local and have similarities to impulses produced by sound waves (I.Itikarai pers. 

Comm. 2009). Causes may have been due to: - 

 

i) compression of air pockets in sea caves or beach hollows by wave action. 

ii)  the occasional slapping of plunging waves on the shore. 
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iii)  the fact that the seismic sensor was located in the mouth of a small cave could 

have had the effect of amplifying wave noise of a particular type or from a 

particular direction.  

iv) particular types of rock falls or slides.  

v) the events could possibly be semi-continual down slope movements of the 

steep unstable submarine debris fields that skirt the whole island.  

vi) ócultural noise.ô Ritter is however, remote so this cause is unlikely. The dive 

boat was only at anchor near Ritter for roughly the first and last 12 hrs of 

recording, so this could not be the source, as the events continued during the 3 

days the boat was absent.   

 

Further analysis of these events is needed. 

 

Two tectonic earthquakes were recorded on the 6
th
.  The second was emergent so there is 

only a P phase. 

 

IPD 163849.094 (=time of P arrival) 

IS    163854.505 (=time of S arrival) S-P = 5.411 secs. Frequency = 3 ï 5 Hz 

 

EP   233600.675 (=time of P arrival)    Frequency = 1 ï 2.5 Hz. 

 

 
Figure 2. In 2007 an analogue recording was obtained using a PS2 drum recorder 

seismograph. (J. Kuduon) 

 

J. Kuduon installed a PS2 drum recorder on Ritter and recorded about twenty-one hours 

of seismic data starting at 11:00 hrs LT, on 27
th
 May 2007.  Low frequency background 

noise can be seen in figure 2, with discrete high frequency events tens of minutes to hours 

apart.  There are five of these high frequency events; these ñAò type volcanic earthquakes 
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have S-P readings of less than three seconds. ñAò type volcanic earthquakes are rock-

breaking events within the volcano, (as opposed to ñBò type which give a low frequency 

trace, caused by fluid movements of either magma or gas; or ñCò type - explosions giving 

distinct short lived high frequency events). An óS-P readingô (i.e. S minus P) is the time 

between the Primary and Secondary wave forms first arrival at the sensor.  A gap of less 

than 3 seconds implies that the source was less than 8 km from the sensor.  A few small 

regional events were also recorded.   

 

Seismic Discussion 
It is difficult to directly compare the 2007 and 2009 data as the 2007 analogue record has 

by necessity, (being in a noisy environment), a low gain setting to avoid overwriting of 

the trace.  So some of the smaller events seen in the 2009 digital data may have been 

present, but were damped out.  The 2007 record does, however, show volcanotectonic 

(VT) earthquakes.  Conversely the 2009 data shows that at the time of that deployment 

there were no volcanogenic seismic events taking place.  Although to the interested 

layman, (or ocean explorer), this result may be disappointing it does provide extremely 

useful volcanological data.  It provides a baseline to which future recordings can be 

compared.  In future any VT earthquakes recorded from Ritter will imply an increase of 

volcanic activity from June 2009.  Previously it was not known what the background 

level was. In a later section it can be seen that seismic activity had on occasions been felt 

and measured strongly many kilometres from Ritter.   

 

The 2007 data revealed that small local VT events were present several days after an 

eruption, an eruption that for the first time produced no felt earthquakes to the 

communities around the channel or on distant seismometers.  However, with no 

recordings actually done on the island before 2007 these small VT events may have been 

normal background levels for Ritter, the 2009 data indicates they were not ónormalô and 

if recorded in future they may be seen as precursors to, or evidence of an ongoing 

eruption. 

 

 

A Geological Discussion of the Dives 

 

Due to its remote location Ritter has seldom been dived.  Liz Johnstone kindly supplied 

photographs and descriptions of a dive in December 2006 (figs 3 & 4).  That dive took 

place in the period between the October 2006 eruption and the May 2007 activity. In 

2009 it was found that very significant changes had occurred since the 2006 dive. 
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Figure 3. December 2006, at ~15 m depth, in the North Cove, a field of stag horn corals 

with platy corals on raised areas (Liz Johnstone), compare with fig. 6. 

 

 
 

Figure 4.  December 2006, submarine cliff at the drop-off in the North Cove, well 

encrusted with reef building organisms (Liz Johnstone) compare with figs. 7, 8 and 11. 

 

A series of dives were undertaken to explore the near shore environment of Ritter Island 

in June 2009. 

 

The most obvious fact from the geological perspective is that the island appears to be 

extremely unstable and is undergoing rapid erosion on all sides.  Even the eastern slope, 

which is considered a remnant of the pre-1888 cone, shows signs of frequent and 

extensive mass movements.  Although corals and other encrusting organisms blanket the 

steep slope, there is ample evidence of toppled corals and fallen encrusted boulders.  
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Down slope orientated lines of large craters (0.5-2 m dia.) are common and are evidence 

of boulders frequently bouncing down the incline. Amongst the steep reef slope are 

numerous active debris shoots, typically only a few meters to tens of meters apart.  

 

On this visit (June 2009) the west side of the island had no, or extremely limited reef 

development. This observation conflicts with photographs and descriptions of the area 

from dives undertaken in the North Cove in Dec. 2006 (Liz Johnsone), at that time a well 

developed óveneerô of corals was present (figures 3 & 4).   

 

To the west of the island there is a marine erosion platform of between 30-100 m in 

width.  From the shoreline this plateform slopes, often haphazardly, to a break-in-slope at 

15 to 30 m depth.  In 2009 the platform was typically made up of angular boulders, with 

lesser patches of fresh looking (black and red), poorly rounded scoria beds.  The ratio of 

boulder to scoria beds appeared to be the result of the lithologies present upslope, or the 

local bedrock.  Bouldery surfaces predominate and they tended to be clast supported with 

little if any interstitial material. The boulders were mainly angular, or slightly rounded, 

displaying the concave and convex surfaces of cooling joints found in intrusives and 

lavas. Typically the boulders are a half-meter to a meter or two in size.  The only 

encrustations on these were small (<10 cm?) patches of bryozoans? and algae, to the 

north these tend to appear as isolated patches on bare rock, to the south they tend towards 

a patchwork pattern. Rounded boulders were only found in any numbers in the south part 

of the South Cove, near the breach between the main-island and small southern islet. 

Here also tends to be the only place where boulders are embedded in finer grained beach 

material (scoria and small amounts of bioclastic and black sand) and some solitary corals 

and other complex encrusting organisms are present. 

 

 
Figure 5. June 2009, typical jumble of angular boulders on the west side of the island 

(Scott Tuason) 
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Dykes commonly crop out on the platform, sometimes forming impressive walls. One 

notable example appears to radiate out to the NW from the northern terminal cusp of the 

main island. This dyke is 2-3 m in thickness and is much longer than others present, 

perhaps due to it being perpendicular to the failure direction. This dykeôs upper surface is 

steeply dipping in the longitudinal direction; it was followed down to 70 m depth by John 

Holder, where it was seen to continue to even greater depth.  Most insitu dykes and the 

numerous exposed lava flows are abruptly truncated by the western break in slope. 

 

 
Figure 6. June 2009, typical scoria and block slope on the west side of the island, 

increasing in angle toward the drop off (to right). (Scott Tuason)  

 

As already mentioned on the outer (western) side of the platform an abrupt and ragged 

break in slope occurs 30-100 m out from the shoreline.  Where boulder/scoria fans and 

slopes are present they abruptly increase in angle from <~20° to ~45° and from a vantage 

point of ~25-30 m depth they give the impression of steepening with depth, until lost to 

view.  If the break in slope is located where thick lava flows or intrusions form the 

bedrock, the break in slope is cliff like and very uneven with fissures, embayments and 

promontories.  These cliffs are invariably vertical, more-often-than-not overhanging, and 

continue vertically to depth until lost to view (visibility ~ 20-30 m). 
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Figure 7. June 2009, typical drop-off on the western side of island where break in slope 

is in solid bedrock; lava flows or intrusions. Bubbles are rising from divers moving along 

cliff face. (Scott Tuason) 

 

A dive around the southern point of the small southern islet, revealed the islet to be the 

exposed part of a massive lava body.  In 1974 Cooke wrote óA point apparently not noted 

before is that the southern islet has a different structure to the main island, in that it seems 

to consist of part of a thick and massive sub-aerial blocky lava flow, whose thickness 

seems greater than that of other flows exposed in the western cliffs of the islandô.  Diving 

around its southern point revealed an overhanging cliff, it is a massive unit with no 

apparent lithological breaks in its structure, although it is well jointed.  From depths of 

~30 m it could be seen to continue for at least another 30 m; taking the islet to be 10 m 

high, the lava body is at least 70 m thick.  The upper part of the islet is topped by a 

convoluted surface of lava rubble as is normal for a subaerial lava flow.   
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Figure 8. June 2009, the south islet. The islet is topped by a convoluted surface of lava 

rubble.  The cliff appears to descend without obvious lithological break for at least 70 m. 

It is well jointed and displays rough columns (Scott Tuason) 

 

The origin of this very thick lava body with an apparent subaerial top surface, on such a 

steep sided volcano as Ritter with a quite fluid magma type, is uncertain. It could be lava 

ponded in a valley or behind scouria cones, or a lava lake in an open vent.  Alternatively 

it could be a degassed intrusion with an intersection with the flank recorded by the 

apparent subaerial surface, this being the remnant of an effusive eruption point.  It may 

be in-situ, or perhaps a mega block that has slipped from higher up. 

 

In the southern part of the South Cove a section of 2-3 m thick lava is exposed at about 

12 m depth.  This flow over lies what appears to be a baked soil horizon.  The ósoilô is 

about 15-30 cm thick and is a bright red/brown.  It is crumbly, almost compacted peat 

like, with horizontal layers/joints? paralleling the curved base of the flow. These joints 

lead it to break up into soft rectangular brick like blocks, matchbox to fist sized. 

 

If it is a baked soil, it records a relative subsidence of this part of the island, which is not 

surprising given Ritterôs history. It could alternatively be baking of fine shallow water 

sediments, although there is no sign of pillow structures or hyaloclastites etc, (structures 

and deposits produced by the interaction of hot fluid lava and water), which may have 

been expected if the lava was fluid and hot enough to bake the sediment in a submarine 

environment. The flow did not have a well developed rubbly base. 

 

The first sighting of a thermal spring on Ritter was made by Prof. Mary Wicksten during 

the 2009 dives.  It was reported to be at about 9 m depth in the north part of the South 

Cove, near where the central cusp merges into the cliff-line. It was a hole emitting 

lukewarm water. Around the hole was a layer of red/brown deposits, a dead oyster was 

in-situ with in this deposit.  The fact that an oyster had grown within the area affected by 

the warm spring, probably indicates that the spring was formed or reactivated after the 

oyster grew. The lukewarm nature of the spring may imply that it is a waning feature.  


