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Summary 

 

Studies on hot spring regions in Fiji have been conducted 

by several workers such as (Cox 1982), (Healy 1960) and 

(Autar 1996). These studies identified several distributions 

patterns that require further investigation and analysis. 

There are almost no published works continued from the 

efforts of previous workers. In the present work, a 

geophysical investigation of a hot spring was conducted 

using advanced geophysical techniques to build upon 

conclusions from preceding works. The Tavua hot spring 

site, located in northern Viti Levu within the Nakauvadra 

range was investigated using several geophysical 

techniques. Self-potential (SP) and soil temperature 

profiling were carried out within the hot spring. The SP 

study provided useful information on subsurface fluid flow, 

clearly delineating upward and downward flows. Good 

correspondence between SP and soil temperature was also 

observed. Other hydrological parameters viz., discharge 

rate and outflow water temperature were evaluated to 

determine the energy flux of the hot spring. The present 

methodological study aims to a) investigate the distribution 

of various geophysical parameters within this area, and b) 

provide a baseline investigation so that feasibility of further 

detailed explorations can be determined. To our 

knowledge, there is no recent published literature 

concerning geophysical studies on hot springs making this 

the first of its kind investigation in Fiji.  

 

Introduction 

 

Hot spring systems are an important natural energy 

resource that needs to be studied so that information 

gathered can be used in decision making process. 

Geophysical methods are useful tools for gaining an 

understanding of hot spring systems. These methods 

depend on the physical properties of the sub-surface media 

(rocks, sediments, water, voids, etc.) and can be 

categorized into two distinct types; passive and active. 

Passive methods are those that detect variations within the 

natural fields associated with the earth while active 

methods are those methods in which artificially generated 

signals are transmitted into the ground, where signals are 

modified in ways that are characteristics of the materials 

through which they travel. These altered signals are 

measured by appropriate detectors whose output can be 

displayed and ultimately interpreted (Reynolds 2011). 

Geophysical techniques are used in exploration program to 

help geologists delimit areas favorable for the type of target 

being pursued. Geophysical methods can look beneath 

alluvial cover. They are used to directly detect minerals and 

to map geological and structural features in exploration 

programs.  There is a need for a non-invasive geophysical 

investigation of the Tavua hot spring site to build upon the 

body of information compiled in prior studies.  Methods 

utilized in this study include self-potential and soil 

temperature measurements using standard geophysical 

tools.  

 

Fiji is located in the South-West of Pacific with the 

geographical coordinates of 18 000’ S and 175 000’ E.  It 

consists of two major volcanic islands and several smaller 

islands and atolls. It is situated within the southern part of 

the belt of volcanisms and seismicity which borders the 

western Pacific and which is related to major crustal 

structures and subduction (McCoy-West, Bignall et al. 

2009). Fiji however is within tectonically complex, low 

seismicity sections of this belt and has a volcanic history 

from Eocene to recent times, with most activity during the 

Miocene-Pliocene period (Rodda 1967). The main islands 

of the Fiji archipelago is located on top of the northern half 

of Lau-Colville ridge a roughly north-south bathymetric 

high (~2000 m). The islands lie within a complex transform 

zone accommodating convergence between the Australian 

and Pacific plates in the area between the active, opposite-

facing Vanuatu and Tongan volcanic arcs (Hathway 1993) 

The North Fiji Basin is one of the most evolved back-arc 

basins in the world, having the largest cumulative length of 

active spreading centers for a given surface of ocean floor 

(Garel, Lagabrielle et al. 2003). The high angle of 

intersection (70-90°) between numerous ancient and active 

spreading ridges has resulted in the asymmetric opening of 

the North Fiji Basin. Fiji is an area of high heat flow, with 

an average regional thermal gradient of ~8.3°C/100 m due 

to the close proximity to the active transform fault system 



adjacent to the Tongan Trench. The islands record a 

protracted history of volcanic activity with the basinal 

assemblage of rocks composed from two distinct volcanic 

arcs of Eocene to Middle Miocene age (Hathway 1995). 

Evidence of geologically recent volcanism comes from 20 

ka ashes found on Taveuni and Rotuma islands and more 

that 16 volcanic centers and fissure zones of Pliocene or 

younger ages (McCoy-West, Bignall et al. 2009). Taveuni 

is the youngest of a series of volcanoes that formed around 

the margins of the Koro Sea, following a major change in 

the tectonic setting of Fiji ~3.5 Ma (Colley and Hindle 

1984). Cessation of active plate convergence and initiation 

of extension lead to the development of a series of basaltic 

volcanoes continuing through to the present day (Kroenke 

and Rodda 1984). Volcanism on Taveuni was exceptionally 

recurrent throughout the Holocene and there is no reason to 

suggest that its activity has ceased (Cronin and Neall 2001). 

Thermal springs are distributed throughout the two major 

islands and on five of the smaller islands of the Fiji Group. 

These springs are the only major surface features of 

geothermal activities and most have temperatures around 

60 0C. There are at least 53 hot spring regions in the Fiji 

Islands, with surface manifestations having discharge 

temperatures that range from 31°C to 102°C.  High heat 

flow and subsurface temperature estimates are strong 

indicators that economic geothermal energy usage could be 

undertaken in Fiji at a number of prospective sites. 

 

While few comprehensive surveys have been conducted in 

Labasa and Savusavu area of Fiji, not much emphasis is 

given to other areas which could have some geothermal 

potential. One major area which can be an area of study is 

in the Northern Part of Viti-Levu. According to (Skinner 

1985), the heat flow in this area  is approximately around 

90mW/m2 which is closer to the heat flow measured in 

Savusavu. In Savusavu the heat flow is approximately 140 

mW/m2. This indicates that North of Viti-Levu should be 

the focus and more research needs to be conducted as first 

phase of development.  Detailed geophysical surveys 

should be conducted to get an indication of underlying 

features of the area and to comprehend whether these sites 

can aid in geothermal energy production. The North of 

Viti-Levu is covered by lavas that erupted from volcanoes 

along the Viti Levu Lineament. Tavua Volcano is the 

largest of these volcanoes with eruption products covering 

about 1300 km2. Late in its volcanic history, the upper 

portion of the volcano subsided episodically as magma 

drained from the underlying magma chamber to form the 

Tavua caldera. The rocks of the ancient Tavua Volcano 

originated as potassium-rich magma of the shoshonitic 

association, which evolved from absarokite (olivine-basalt) 

parent magma to shoshonitic, banakite and monzonite 

derivatives (Ackley 2008).  There is a number of 

established hot springs around this Tavua caldera. These 

hot springs can be of huge benefit to the local community 

and to the country as well.  

 

In the present work, spatial relationship between SP and 

soil temperature and the mechanism that produces the SP 

anomalies surrounding the discharge zone on the flanks of 

Rabulu Mountain were investigated. SP anomalies have 

been observed within many volcanic and hydrothermal 

regions, and SP variations have been linked to changes in 

volcanic activity and hydrothermal fluid flow (Lewicki, 

Connor et al. 2003). SP anomalies have been commonly 

attributed to electrokinetic (EK) and Rapid fluid disruption 

(RFD). Unlike EK potentials, RFD may produce SP 

anomalies in thermal areas far above the groundwater table 

as charge carried by water droplets or vapor flow or both. 

This study presents SP and soil temperature measurements 

concurrently on the Tavua hot spring systems and shows 

that these data are well spatially collated. The discharge 

rate and outflow water temperature were also measured, 

from which the energy flux determinations (using 

thermodynamic principles) are calculated. Several such 

measurements were done to capture temporal variations in 

flux.  

 

Method 

 

Self-potential and soil temperature were measured using 

standard geophysical instrumentation. Self-potential (SP) is 

a passive electrical method which measures the natural 

electrical current in the ground and is used to investigate 

groundwater flow direction. Self-potential surveys were 

conducted using copper-copper sulphate electrodes and a 

high impedance Voltammeter (fluke type). A sampling step 

of 5m was used and the profiles were tied to one base 

station. A number of measurements along the profiles were 

conducted to obtain high-density measurements. Likewise, 

ground temperature measurements were accomplished 

using a temperature probe (K- type chromel-alumel probe) 

having an accuracy of ±0.20C. These measurements were 

carried out at a depth of ~25cm corresponding to same 

station locations as SP measurements. Soil CO2 flux was 

measured using an inexpensive IR based CO2 meter. 



Variations in profile and surface distribution of these 

parameters, which are a standard framework of parameters, 

with elevation aided in understanding the subsurface 

characteristics with regards to subsurface processes. It is to 

be noted that the current work encompasses data from 218 

points. 

 

 

Conclusion 

 

The importance of the work presented here lies in the high-

density data coverage achieved near the discharge zone. 

The high density of data, the diversity of measured 

parameters and the accuracy of the location of the 

measurement points allows us to study structures and 

phenomena at high-resolution. The hydrothermal activity 

near the hot spring area is clearly shown by large positive 

SP, and temperature anomalies. The study recommends 

further detailed studies to be conducted at this particular 

site to clearly delineate it as a possible geothermal energy 

source site. This preliminary result can be used as a 

reference for planning large-scale investigations for 

assessing the available geothermal energy reserve.  
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