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Abstract

A bipartite geophysical survey methodology has been de-
veloped in order to locate archaeological sites in littoral 
environments and to gain precise information on their 
location, size and physical properties. The initial recon-
naissance phase establishes the presence of prospective 
anomalies with limited time and budget. The second phase 
provides comprehensive information on the anomaly as 
context for further investigation if necessary. This approach 
was tested at Port Elliot, South Australia to locate the re-
mains of the cutter Lapwing. An anomaly discovered during 
reconnaissance phase investigations proved inconsequential 
in phase two, and follow-up work was not carried out. This 
outcome demonstrates the benefits of using this approach 
in terms of money and time saved. 

Introduction

A bipartite methodology is proposed for geophysical 
survey on geographically extensive sites when a limited 
understanding of subsurface conditions exists. This ap-
proach employs two phases of investigation. The first 
consists of a reconnaissance survey to cover large areas 
and detect geophysical anomalies; the second refines the 
results of the preliminary survey through detailed in-
vestigation of the location and physical properties of the 
located anomalies. 

The survey methodology employs inexpensive, 
widely available geophysical instruments and positioning 
systems enabling initial, rapid, subsurface assessment. If 
anomalies are identified, detailed geophysical survey is 
used to define their character and location. The employ-
ment of the bipartite methodology potentially saves time 
and money that otherwise can be spent elsewhere on a 
project.

Reconnaissance Investigation Phase

The reconnaissance survey facilitates a rapid acquisition 
of data for large areas to provide an initial data set for 
review. Geophysical methods most amenable to this phase 
are magnetometry and electromagnetic induction (Benech 
and Marmet 1999:31). The choice between instruments 
and configurations should be made with reference to site 
conditions (Milsom 1989:46), expected physical properties 
of the targets (ASTM 1999:2) and the probable depth of 
features of interest.

Magnetometry is the preferred method for reconnais-
sance in many littoral environments as the presence of 
saline groundwater hinders the effective employment of 
an electromagnetic induction survey (Paine 2003). The 
use of magnetometry has an established history within 
archaeology, predominantly for its ability to detect ferrous 
materials (Black and Johnston 1962), evidence of burnt 
materials (Abbot and Frederick 1990; Frederick and Abbot 
1992), or disturbances in soil stratigraphy (Field et al. 
2001; Nobes 2006). Magnetometry has also been used 
extensively in maritime archaeology for littoral sites 
(Cushnahan and Staniforth 1982), offshore sites (Postle 
1980; Arnold 1976), or sites including both environments 
(Hudson et al. 1981).

A proton precession magnetometer was used in the re-
connaissance phase investigation at Port Elliott because of 
its low daily cost. Other researchers have employed alter-
native sensor types or data acquisition configurations. For 
example, an alkali vapor sensor provides an increased rate 
of data acquisition (Reynolds 1997:146), a gradiometer 
sensor configuration increases sensitivity (Silliman et al. 
2000), while deploying multiple horizontal sensors aids 
survey speed (Tabbagh 2003:75). Best practice suggests 
that a diurnal correction be applied to data, although 
Silliman et al. (2000) have shown that surveys of limited 
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duration do not suffer from a significant reduction in data 
quality in its absence. This further reduces survey costs. 

An alternative technology that has proven useful for 
archaeological investigations is electromagnetic induction 
surveying (Witten et al. 2003). This technique has the ad-
vantage of being able to detect non-ferrous material and to 
either survey multiple depths simultaneously or focus on 
a particular depth of interest (Huang 2005). This method 
has limited application in saline water due to limitations of 
conductivity. It is, however, a highly effective tool in areas 
with fresh ground water in the littoral zone or in freshwa-
ter environments.

Typically, positioning data in the reconnaissance phase is 
gained by a handheld navigational global positioning system 
(GPS). These instruments are less expensive than real time 
kinematic (RTK) or differential units, and they are widely 
available. Geophysical equipment needs to be set to acquire 
data points automatically at a time interval coincident 
with that of the GPS to allow data acquisition to proceed 
continuously. The accuracy of the positioning information 
is estimated at ±10 m without a beacon correction. This 
level of precision is suitable for identification of high prob-
ability areas for the detailed investigation phase (Bullock 
1988:521). In the reconnaissance phase, survey lines 
are loosely established at approximate intervals smaller 
than the minimum expected size of the target (Reynolds 
1997:17). Operators do not focus on establishing precisely 
parallel lines in this phase; instead they use the track log 
displayed on the GPS screen and flagging to define the start 
and finish of each line. Overall, the reconnaissance phase 
results in a rapid, low-cost acquisition of geophysical data 
over the largest area possible.

Detailed Investigation Phase

Anomalies discovered during the reconnaissance phase 
require a detailed geophysical investigation phase to 
locate their positions and define their physical properties 
accurately (Sarris  et  al. 2007:15). In comparison to 
reconnaissance surveys, these investigations are more 
time-consuming for the same area and sample density. 
They nevertheless allow for a more refined positioning 
of the identified features. The detailed investigation 
phase is augmented when multiple geophysical methods 
are used (Kvamme 2006:57), as this allows a more 

complete definition and understanding of subsurface 
features. 

Multi-technique investigations may use commonly em-
ployed archaeological geophysical techniques such as ground 
penetrating radar, direct current resistivity, magnetic sus-
ceptibility, electromagnetic induction, or magnetometry. 
Instrument choice is conditioned by the expected physical 
properties of the target, and the nature of the survey area as 
discussed by Kvamme (2006:59) and the American Society 
of Testing and Materials (ASTM 1999:2). 

Precise positioning information can be acquired 
through the use of standard surveying techniques and/
or RTK differential GPS, although the latter substantially 
increases the cost of survey. Survey precision is greater 
and more time-consuming than with reconnaissance data 
collection, but it ensures correspondence between the 
mapped anomaly position and the below-surface feature. 
For magnetometer data it is essential that data points are 
collected while stationary, with the sensor in a consistent 
orientation to ensure a data set of the highest possible qual-
ity (Breiner 1999:12). With electromagnetic induction data 
it also is essential that the instrument is horizontal and in a 
constant orientation with respect to all survey points.

Case Study

The proposed bipartite survey methodology was tested 
at Port Elliot, South Australia. On the southeastern coast 
of the Fleurieu Peninsula, Port Elliot has a unique history 
as a short-lived outlet for the River Murray trade in the 
mid-19th century. Over a period of 11 years, seven ships 
were lost in the port’s Horseshoe Bay and on its shores. 
The approximate location of the grounding and eventual 
breaking up of one of these vessels, the cutter Lapwing, is 
illustrated on the colonial harbor master’s map of 1856 
(Figure 1). Using that map as a guide, a prospective survey 
area was selected in the eastern part of the bay. Previous 
archaeological surveys have been unsuccessful in locating 
the remains of Lapwing, although geophysical techniques 
have not been employed. This site, therefore, provided an 
excellent case study location to test new methods for lo-
cating and delineating shipwreck remains buried in littoral 
environments. 

Lapwing was built in Mevagessey, Cornwall, England 
in 1808 for use as a revenue cutter. The 63-ton, oak-built, 
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and copper-fastened cutter measured 60.8  ft. in length, 
9.8 ft. in beam, and had a 9.9 ft. draught (SAPP 1856:6; 
Perkins 1988:19; Coroneos 1997:62). Lapwing was brought 
to Australia for use in the inter-colonial trade after a long 
career in the revenue service. At the time of loss, the cutter 
was loading timber at Port Elliot when gale force winds 
began to blow; the vessel then was moved to government 
moorings in deeper water. The harbor master subsequently 
tied the schooner Swordfish to the same mooring (Adelaide 
Times 1856a). The mooring anchors dragged, and Lapwing 
wrecked broadside on the beach (SAPP 1856:1). Due to the 
violence of the storm, Lapwing completely broke up, and in 
the words of her captain, “[t]he beach was strewed [sic] with 
various parts of the wreck for a long distance and presented 
a wretched appearance” (Adelaide Times 1856b). Though the 
local public demanded the removal of the harbor master, 

an official inquiry failed to find sufficient grounds on which 
to blame him for the loss of Lapwing, instead citing the 
“poor holding ground of the anchorage, the exposed posi-
tion of the harbour and the confined space to moor vessels 
therein” (SAPP 1856:4). For Port Elliot, the loss of Lapwing, 
the third of four wrecks in 1856, reflected poorly on the 
harbor. Eventually it contributed to the closure of the port 
in favor of nearby Victor Harbor (Sibly 1972:69).

Reconnaissance Investigation Phase Results

Geophysical investigations for the Horseshoe Bay recon-
naissance were conducted using a Geometrics G-856 pro-
ton precession magnetometer collecting data at five-second 
intervals. A Garmin 12XL navigational GPS was used for 
positioning information with an approximate accuracy 

Figure 1. Map of 1856 illustrating the projected path along which Lapwing came ashore (SAAP 1856).
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of ±10 m or better. Survey data were collected at a line 
spacing of approximately 2 m with eight lines extending 
for approximately 500 m. This provided a total of 8 km 
of magnetometer data. The collected data were then plot-
ted using MagPick software to produce a contour map of 
magnetic intensity (Figure 2). This was overlaid on an aerial 
photograph using MapInfo software.

The survey produced only one significant anomaly, cor-
responding with the location of Lapwing on the historic map 
(Figure 1). The anomaly appeared as a positive monopolar 
anomaly of approximately 4,000 nano-teslas (nT) above 
background with a maximum duration of 8 m. A magnetic 
anomaly of this size was surprising given the known 
construction details of the vessel and the assumption of 
scattered wreckage, as reported by the Lapwing’s captain. 
It is known that the vessel underwent several refits over its 
long career, and it is almost certain that wooden and cop-
per fittings had been replaced with iron ones. It seemed 
unlikely, however, that the remains of this principally 
wooden vessel could produce the magnetic anomaly being 
recorded. The second phase of investigation was to clarify 
this discrepancy and determine whether further research, 
including excavation, were necessary.

Detailed Investigation Phase Results

The detailed investigation was conducted approximately 
two months after the completion of Phase 1 reconnaissance. 
This work focused on a 20 x 20 m grid centered on the lo-
cation of the recorded anomaly. The center of the survey 
grid was established using a Garmin 12XL uncorrected 
navigational GPS. Subsequently a surveyor’s level and 
survey tapes were used to establish north-south and 
east-west grids surrounding the feature. Electromagnetic 
induction and magnetic intensity surveys were conducted 
using a GEM-2 electromagnetic induction (EM) instrument 
at frequencies of 4075, 9875, 18075, 24975 and 41375 Hz; 
a Geometrics G-856 proton precession magnetometer also 
was employed. Data were collected along parallel, 1 m 
interval survey lines running in an east to west direction, 
with survey stations established at 1 m intervals along 
these lines. Data points were manually collected at the 
appropriate survey position after checking for sensor 
stability and orientation. Data from both instruments 
were separately combined with positioning information, 
and contour maps were prepared using MagPick software 
(Figures 3 and 4). 

Figure 2. Horseshoe Bay reconnaissance magnetometer map overlaid on an aerial photograph. Grid lines are easting and northing 
with a spacing interval of 50 m. (Map by authors).
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The detailed magnetometer survey confirmed the 
existence of an anomaly within the survey grid, but one 
much smaller in size. This appeared as a negative mo-
nopolar 60 nT anomaly with a maximum extent of 2 m. 
It also occurred in a location 9 m north of the originally 
recorded anomaly. The significant difference in anomaly 
size might be attributed to either of two possibilities. 
First, during the original survey the sensor may not have 
faced due north when that data point was collected. The 
coil axis of the instrument, therefore, would not have 
been parallel to the earth’s magnetic field (Breiner 1999). 
Second, it is possible that the sensor experienced exces-
sive motion during initial data acquisition (Geometrics 
2002). The difference in anomaly location and variable 
strength of the magnetic reading illustrates the utility of 
using a detailed phase of investigation to better resolve 
target locations. It further indicates that the anomaly is 
not associated with large amounts of non-ferrous mate-
rial such as wood. Indeed, the maximum weight of the 
object is estimated to be 1 kg, if the nomogram of Postle 
(1980:35) is applied to the magnetic intensity data and a 
burial depth of 1 m is assumed.

Conclusions

The proposed bipartite survey provides a new method-
ology for the geophysical investigation of littoral zone 
archaeological sites where the geographic extents are 
poorly understood. The use of a two-phase approach allows 
for the locations of targets to be established first through 
inexpensive reconnaissance investigations; it then seeks 
information about their exact location, size, and physical 
properties through detailed surveys in the second phase. 
As shown in the case study at Horseshoe Bay, Port Elliot, 
this methodology can help determine the appropriateness 
of applying direct investigation techniques on a site. In turn 
this can lead to potential savings in time and expense.
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