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Abstract. Slow-slip events (SSE) have been detected to occur along 

the southern flank of Kilauea volcano (Hawaii, USA). SSEs have been 

recorded using continuous Global Positioning System (GPS) and tilt-

meters stations. Until now, differential radar interferometry results 

have not been conclusive about the spatial pattern of associated vertical 

motion, although GPS time series show subsidence signals. In late May 

2012, the most recent SSE began and it lasted for approximately 3 

days. SSE was accompanied by earthquakes at the decollement (~7-9 

km), and an unusual swarm across the Koa’e fault system (June 5th). 

Here, we use a dense GPS network and Radarsat-2 satellite data to map 

the associated ground deformation. A SSE fault-slip map is inferred 

using elastic modeling and compared with the fault-slip map due to 

long-term volcano flank motion. Inferred long- and short-term fault-

slip distributions allow observing a complementary pattern, likely re-

lated to different fault properties. 
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1 Introduction 

Seismogenic fault systems accumulate stress along locked portions of faults, which 

subsequently are suddenly release during earthquakes. SSEs are a complex processes 

occurring near the fault plane that release stress by producing atypical low slip-rates 

(lasting for days to months, or even years). SSEs have been detected along tectonic 

areas in subduction and strike-slip faults systems.  



 
 

Fig. 1. Kilauea volcano map illustrating the major fault systems (thin black lines) and 

volcanic rift zones (gray areas). Gray dots represent the 2000-2012 located seismic-

ity. Red dots are the epicenters of the earthquake during the 2012 SSE. Lower inset 

shows the Hawaii Island, white rectangle is the surface projection of the fault model. 

 

At subduction zones slow-slip phenomena have been detected at deep portions of 

the subduction megathrust zones (Cascadia, Guerrero in Mexico and Japan), but also 

at shallow depth (e.g., Nicoya in Costa Rica and the Hikurangi trench in New Zea-

land) [1]. Those two regions are assumed to bound the transition between different 

fault friction regimes, deep and shallow creep bounding the locked and seismogenic, 

stick-slip areas. However, slow slip phenomena seems to be not only an active proc-

ess in subduction zones, but widely present at other fault systems [1], such as in 

deeper sections of major strike-slip fault systems such as the Parkfield segment of the 

San Andreas Fault in California.  

 Beneath the south flank of Kilauea volcano (Hawaii, USA) several SSEs have 

been detected using GPS and tiltmeter stations [2,3,4]. But, until now, differential ra-

dar interferometry has not been conclusive about the spatial pattern of vertical mo-

tion associated to these events, although GPS time series show a slight subsidence 

signal on the vertical component. Kilauea volcano is a very active volcano developed 

south of Mauna Loa volcano in Hawaii Island. It rises above a ~5 km deep seafloor, 

and its southern flank shows continuous seaward deformation (Fig. 1). The seaward 

motion is assumed to occur due to slip at the interface of prevolcanics sediments lay-

ing over the oceanic crust and the volcanic succession [5]. This detachment surface 

has also produced large earthquakes and associated tsunamis such as the M7.2 1975 

Kalapana earthquake [6]. 

In late May 2012, the most recent SSE began and it lasted until early June 2012. 

Following previous slow slip events, the SSE was accompanied by decollement (~8-

10 km depth) earthquakes [4], but on June 5
th
, a relatively unusual very shallow 

earthquake swarm occurred across the Koa’e fault system, with two events having 

magnitudes around 3.5. 
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Fig. 2. GPS displacements (arrows) and fault slip distributions (redish colored 

patches). a) 2012 SSE GPS observed (blue), and predicted (red) in cm, from the es-

timated slip [m]. b) 2005-2012 estimate of the long-term flank motion: GPS observed 

(blue), and predicted (red) in cm/yr, from the estimated fault slip-rate [m/year]. 

2 Ground deformation data analysis and modeling 

A dense geodetic network of GPS stations is located in the Kilauea volcano for moni-

toring and research purposes. GPS data were processed using GAMIT/GLOBK soft-

ware. We estimated a consistent set of positions and velocities in an ITRF2008 frame 

using additional far-field stations to define a local reference system using an estab-

lished approach [7]. A network subset of 30 stations shows significant seaward dis-

placements between May 27
th
 and June 1

st
, 2012. GPS displacements range from ~5 

cm near the coastline to almost no motion far from the coast (Fig. 2a). In addition, 

multiple different tracks from the Radarsat-2 satellite allowed us to generate nearly 

continuous ground deformation maps [8], around the summit caldera, south-west rift 

(SWR) and Koa’e fault system (Fig. 1). We detected a vertical (~2 cm, subsidence) 

signal along the coast is associated to the 2012 SSE.  

Following, previous modeling approaches to understand the SSEs at Kilauea 

southern flank, we used a gently NNW-dipping thrust fault geometry corresponding 

to the decollement detachment structure [9]. We solved for the fault slip distribution 

occurred during the 2012 SSE by dividing the fault plane into 1x1-km dislocations. A 

fault slip model was obtained adopting a regularized linear inversion scheme con-

strained only by the observed GPS displacements (Fig. 2a). Spatial coverage of the 

interferograms is rather limited. 

3 Discussion and conclusions 

The best-fitting fault slip model shows good agreement with the observed deforma-

tion (Fig. 2a). This model is consistent with a coast-parallel continuous patch of slip.  



The model results present up to 40 cm of seaward displacement at depth ranging of 

8-9 km and approximately 15 km off-shore beneath the southern flank. This slip pat-

tern presented in Fig. 2a is in contrast with the long-term fault slip model obtained 

using the GPS stations with a linear and steady-state flank motion for the 2005-2012 

period (Fig. 2b). Long-term flank motion seems to focus on two separated fault areas. 

The first fault segment depicts a narrow band with high slip rates (~70 cm/year) be-

tween the caldera and rift zones (ERZ and SWR) and the Hilina Pali fault system. A 

second segment is continuously sliding at a lower rate with max. 40 cm/year off the 

coast along the central Hilina Pali faults (Fig. 2b). The second fault segment only 

partially overlaps with the inferred SSE source area (Fig. 2a). Therefore, the 2012 

SSE seems to have occurred along the fault plane at shallower depths, than long-term 

stable sliding segments that driven the flank motion.    

These results illustrate that the seismo- and tsunamigenic decollement fault plane 

is segmented with spatially variable frictional areas, which varies from steady creep-

ing to fully locked segments, and with patches of transient conditional friction prop-

erties. The definition of the fault segments with different sliding properties may con-

tribute to define the seismic potential of the southern flank of Kilauea. 
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