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The Land Development Corporation of the North-
ern Territory commissioned a combined geotech-
nical and geophysical site characterisation of the 
proposed site for a Marine Industrial Park (MIP) 
lying between the current East Arm port facility 
and Hudson’s Creek to the East of Darwin City. 
The proposed MIP development will focus on ma-
rine related industries to service the offshore ener-
gy industry in the Timor and Arafura Seas.  

The investigation work was undertaken by a 
combined team from Douglas Partners, GBG Aus-
tralia and Astute Surveying and comprised multi-
ple marine geophysical techniques backed up by 
limited marine vibro-coring along with onshore 
cone penetration tests, test pits and boreholes. 

The over-water investigations were required as 
part of the overall preliminary geotechnical inves-
tigations for feasibility and design purposes for the 
proposed dredging of access channels, turning 
bays and the wharf facilities. Figure 1 shows site 
location and extents. 

The marine geophysical program was planned 

and undertaken in line with the scope specified by 

the client’s engineering consultant. This entailed 

collection of the following quantities of data: 

 Multi –beam bathymetry - 183 line kilometres

 Side Scan Sonar – 147 line kilometres

 Horizontal marine magnetic Gradiometer – 191
line kilometres

 Seismic Reflection profiling - 111 line kilometres
 Continuous Marine Seismic Refraction – 136 line

kilometres

At the time of confirming the program, the spac-
ing requirement of 25m in both directions for ma-
rine seismic refraction had been considered poten-
tially excessive. However, as shown in this paper, 
on completion of the processing and in the report-
ing stage this quantity of information proved in-
valuable in characterizing the bedrock for dredging 
purposes.   
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ABSTRACT: The Marine Industry Park is a major state development requiring significant dredging of sedi-
ments, soils and meta-sediments including quartzite’s. To characterise the subsurface for dredgeability as-
sessment, a marine geophysical investigation was carried out by Douglas Partners and GBG Australia in
2015, comprising multi-beam bathymetry, side scan sonar, magnetics, seismic reflection and seismic refrac-
tion, with geotechnical control from vibro-coring and onshore drilling.  High resolution bathymetry allowed 
calculation of total dredge volumes and added morphological detail to sonar and vibro-core data, for charac-
terisation of seabed materials ranging from silty clays to mobile sand bodies to lateritic gravels (dominating 
the magnetic response) and for mapping of dredging hazards including wrecks. Seismic reflection record 
character allowed the extent of the sand bodies to be inferred and allowed mapping of an inferred buried lat-
erite or residual soil horizon.  A deeper reflector, mapped throughout the area, was interpreted as the bedrock 
surface, indicating significant volumes of bedrock within the proposed dredge volume.  To characterise both 
the sub-seabed and sub-bedrock materials in terms of dredgeability, extensive seismic refraction profiling 
was carried out for construction of a “full volume” tomographic inversion velocity model, sliced vertically 
and horizontally for velocity contouring.  The distribution of high velocities, reaching over 3000 m/sec with-
in the proposed dredge volume, provided a clear indication of anticipated zones of hard dredging and provid-
ed parameters for assessment of the impacts of dredging and blasting. 
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2 OVERVIEW OF GEOLOGY 
 
Rock outcrops are present over parts of the site, par-
ticularly in areas of high terrain and in some of the 
intertidal zone.  The outcrops typically comprise me-
ta-siltstone of the Burrell Creek Formation (BCF), 
with minor meta-sandstone and quartz sandstone or 
quartzite. The intertidal zone is generally dominated 
by thin tidal mud with laterite gravels and outcrop-
ping meta-siltstone.  The proposed dredge channel is 
in an area where frequent large tidal movements oc-
cur, and this was expected to limit depositional sed-
iments to coarser materials such as sand gravel. The 
dredge channel also passes by Catalina Island and a 
small shoal exposed at low tides and shown on exist-
ing navigation charts.  Both of these areas are con-
sidered likely to comprise bedrock belonging to the 
BCF that has remained after erosion of the surround-
ing weaker rocks.  The BCF typically strikes in a 
near north-south direction, and steeply dips to the 
east or west, so the near vertical bedding planes of 
strong bedrock observed on Catalina Island are ex-
pected to continue to the north and south, through 
the proposed dredge channels and berthing pockets 

3 FIELD WORK 
 
Offshore geophysical field work comprised: 

 
  Multi-beam bathymetric mapping was under-

taken by an Australian Hydrographic Society 
Certified Practitioner (AHSCP), Level 1 (Hy-
drography), for the full extent of the Common 
Access Channel, Approach Channel and pro-
posed near shore dredging areas east and west 
of the northern end of the Approach Channel. 

The multi-beam survey extended over the full 
width of all required investigation areas plus 
an extra 100 m outside of proposed dredge 
zones; 

  
  Side scan sonar mapping to provide a full 

seabed image of the proposed dredge areas 
and extended area outline above; 

  
 Horizontal magnetic gradiometer profiling to 

assess the proposed dredge and extended are-
as for possible Unexploded Ordnance (UXO) 
and other significant debris; 

 
 Marine seismic reflection (boomer) profiling 

to interpret the sub bottom sediments and the 
interface with the bedrock; 

 
 Continuous marine seismic refraction profiling 

using a 24 channel, 2m separation hydrophone 
array and 20 cubic inch airgun source to enable 
an assessment of the consistencies and 
strengths of the materials to be dredged 

 
During the collection of the bathymetric and seis-

mic reflection data, onboard evaluation of the data 
suggested that the ground conditions between the 
southern end of the proposed north – south approach 
and the existing Inpex channel turning basin (a dis-
tance of approximately 140m) might comprise sands 
and gravels rather than rock, thus suggesting easier 
than expected dredging conditions. After consulting 
with the client about the possibilities of extending 
into the Inpex channel, the bathymetric, seismic re-
flection and refraction were extended through this 
section, thus providing a potential alternative chan-
nel option. Figure 2 presents bathymetry and raw 
(boomer) reflection data from this extended section. 

 
Figure 1:  outline of full investigation site and local features. 
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Data collection for the majority of the survey was 
undertaken from a 6.5m aluminum vessel.  However, 
due to the extent of the seismic refraction survey, a 
larger local 12m commercial vessel was chartered to 
enable the use of a compressor to supply the air gun 
source and enough deck space to load the marine 
streamer and ancillary equipment. The full survey 
was completed in 5 weeks on site.     

4 DATA HANDLING AND REPORTING 

The survey produced large volumes of digital data 
which were initially processed on site each day to 
minimize the office time and to provide Quality con-
trol. The bathymetry and Sonar data were processed 
and reported using Hypack 2015 (Hypack) and So-
narwiz v5.8(Chesapeake Software), the magnetic da-
ta was processed using Magmapper 2000 (Geomet-
rics freeware) and Surfer v13 (Golden Software). 
The seismic reflection processing and reporting was 
undertaken using Reflex v 7.5 (Sandmeier) and the 
initial processing of the refraction data (first arrival 
picking) was undertaken with Rayfract v3.3 (Intelli-
gent resources) prior to transfer to Tomoplus (Ge-
otomo) to create the 3d velocity models.  

The output from all these software programs was 
imported into CivilCAD and ACAD 2015 for provi-
sion to the client. This allowed provision of sections, 
images and depth-slice plan views at RL values set 

by the client, in line with the proposed dredging pro-
gram. This ability allowed a much more accurate as-
sessment of dredging extents and volumes for the 
site for a staged construction approach.  

4.1  Results 

 

The bathymetric survey mapped the seafloor in 
0.5m gridded bins providing high resolution imag-
ing of the seabed with contouring at 1m intervals. 
The bathymetry showed variation in seabed topog-
raphy between 6m above LAT (Lowest Astronomi-
cal Tide) to 20m below LAT over the site. Conse-
quently, a considerable amount of the site will 
require dredging to meet the design declared depth 
of 6.2m below LAT.  

The sonar was utilized to locate sea bed obstruc-
tions and classify seabed type. A number of 
wrecked boats were observed in the Mangrove are-
as to the north of the site and variation between ex-
posed rock, fine mud and sand were observed. 
However, one of the most important images was 
that of a wrecked Catalina Flying boat sunk during 
the war and listed as a heritage site. The approxi-
mate position was already known. However, multi-
beam bathymetry and sonar confirmed its exact po-
sition and condition, noting that it is in the middle 
of the proposed approach channel. Figure 3 (over 
the page) clearly outlines the body of the plane and 
the separate wing section. 

The magnetic response data identified an abun-
dance of targets at the northern end of the survey 
site, in the mangroves, and in the channel areas. 
However, research of WW2 archives suggested that 
there would be little likelihood of UXO in this area 
as it was well away from the main bombing runs on 
Darwin. 

Figure 3: Catalina Flying boat wreck in sonar and backscatter 
Multi-beam record. Main body and wing section  

 
Seismic reflection profiles, calibrated against vi-

bro-core data, were used to interpret the bedrock 
elevation and to help in classifying the marine sed-
iments. The X,Y & Z coordinates for the interpret-
ed bedrock surface were used to create 3D models 
and plan view depth slices at proposed dredging 
stages to enable extent and volume modeling of 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2: Bathymetry Boomer profile over sand bar into Inpex 

Inpex Channel  

Reflection Profile 
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sediment and rock materials. For quality control, 
selected velocity profiles, produced using the 3D 
Geotomo software, were compared with corre-
sponding seismic refraction profiles.  

The seismic refraction data were collected with 
high density to create detailed velocity models for 
the subsurface materials. This was considered ex-
tremely important at this site because of the steep 
dip of the meta-sediments and varied mixture of 
hard and soft layers. Previous experience of dredg-
ing these materials in Darwin indicated that 
strengths based on limited geotechnical investiga-
tions had proved inadequate for the design of 
dredging and rock-removal works. The process 
used to assess the dredgeabilty of the MIP is dis-
cussed in detail below. 

5 SEISMIC REFRACTION PROFILING, 
TOMOGRAPHIC MODELING AND DEPTH 
SLICING 

An extraordinarily dense (25 m x 25 m) seismic re-
fraction grid was specified for this project, leading to 
almost 140 line-km of continuous underway profil-
ing.  A computer-controlled shot interval of 10 m 
created a daunting dataset of almost 14,000 shot rec-
ords saved to a Geode seismograph, however the 
benefits of such a dense grid became apparent during 
processing.   

The ability to characterize the proposed dredge 
volume over the full design area, at all design 
depths, was achieved by creating velocity models 
from an initial dataset comprising: shot and receiver 
positions; seabed depths; and picked first break arri-
val times, for each shot.  The dataset for selected 
lines was used as input to GeoTomo’s, TomoPlus 
software for inversion to initial, coarse, 2D velocity-
depth models for these lines, followed by compari-
son of velocities on intersecting and neighboring 
lines and calculation of velocity anisotropy parame-
ters for use as subsequent model constraints.  As ex-
pected in an area of vertically foliated bedrock, ve-
locities measured along strike were seen to exceed 
those measured across strike, by approximately 10%.  
In order to produce a model which accommodated 
both along-strike and across-strike data, an anisotro-
py parameter was used to weight the velocities de-
termined in the vicinity of intersections, biased to-
wards the higher values for a conservative outcome 
in terms of dredge ability.   The dataset was then ex-
panded to include more lines and was re-gridded 
with a finer cell size for further inversion, when 
convergence was achieved. 

Contoured 2D vertical velocity-depth sections 
(e.g. Figure 4), were first extracted from the model 
along selected alignments, for correlation with the 
interpreted bedrock surface from seismic reflection 
profiling and with graphic vibro-core and onshore 

borehole logs. These sections indicated relatively 
low velocity (1600 – 1900 m/s) material draped over 
zones of higher velocity material comprising sub-
vertical velocity blocks. This pattern appeared con-
sistent with the expected geology of the area, com-
prising layers of clay, silt and sand overlying meta-
sediments with near-vertical foliations, containing 
quartz sandstone interbeds, frequent quartz veins and 
minor quartz pebble conglomerate. 

 

 
Figure 4:  Interpreted refraction section with velocity contours, 
bedrock reflection and core logs 

 
Next, a “full volume” or 4-dimensional 
(X,Y,Z,Velocity) model was produced by a similar 
recursive inversion process, leading to velocity val-
ues in each cell of a 3D grid covering the entire in-
vestigation area, to depths exceeding the proposed 
ultimate dredge depth.  Finally, depth slicing was 
carried out by extracting all (X,Y,Velocity) data at 
selected depths throughout the area and contouring 
the velocities, to produce a “stack” of maps to 
demonstrate the areal and vertical distribution of ve-
locities for dredgeability assessments. Figure 5 pre-
sents the interpreted velocity distribution at a depth 
of 6 m below Chart Datum, with velocities of over 
3000 m/sec at the upper end of the contour-spectrum 
(highlighted within the red rectangle).  The “Trans-
parent zones” within the channels, presented on 
Figure 5, are where the seabed depth exceeds the 
slice depth. 

Site characterization for dredging purposes is 
heavily dependent on the distribution of velocities.  
To present the 3D distribution of velocities consid-
ered significant to the feasibility and means of 
dredging, in a practical way rather than a 3D “fly 
through” visualization, three slices in the velocity 
“stack” (0 m, 3 m and 6 m below chart datum) were 
re-classified to show areas exceeding 2300 ms-1 and 
were overlain in plan view – an example, indicating 
a near-shore portion is presented in Figure 6.  The 
velocity value of 2300 ms-1 was based on correla-
tions made by others in an adjacent area of East 
Arm, between mapped velocities and reported dredg-
ing difficulties (“shudder” and “ladder bounce”), alt-
hough considered below that indicative of the need 
for rock blasting.  Figure 6 indicates that the area of 
which velocities exceed 2300 m-1 (expected difficult 
dredging expands rapidly with depth 
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Figure 5:  Velocity model sliced at a depth of 6 m below LAT.  

 

 

 

 
 
Figure 6:  Velocity model slices from 0 m, 3 m and 6 m below 
LAT  

6 SITE CHARACTERISATION SUMMARY 

The Marine Industry Park geophysical investigation 
enabled site characterisation firstly by direct, high 
resolution bathymetric mapping to provide basic 
data for dredge design and calculation of dredge 
volumes. 

Characterisation was extended by interpretive 
methods based on side scan sonar mapping and 
seismic reflection profiling, controlled by compari-
sons with elevations interpreted from vibro-core 
logs and onshore borehole logs.  Seabed and sub-
seabed materials were inferred to comprise: sandy, 
silty marine clays near shore; and clayey marine 
sands, mobile ripple-marked clayey, silty marine 
sands and areas of laterite or residual soil and sub-
cropping meta-sedimentary bedrock in the offshore 
channels.  Some distributed lateritic gravel was in-
ferred within the shallow sediments, mapped from 
the magnetic gradient response. 

Intensive processing and computer modeling of 
seismic refraction data enabled sub-seabed velocity 
mapping over the investigation area, presented in 
velocity-depth sections and contoured velocities on 

horizontal depth slices.  Velocities alone enable a 
qualitative assessment of dredgeability by high-
lighting areas of higher velocities, associated with 
harder dredging.  To further characterise the site 
with respect to dredgeability, reference was made 
to: published empirical relationships between ve-
locities, material types and geotechnical properties 
(Ohkubo and Teresaki 1977; Hawkins and White-
ley (undated)); locally reported correlations (confi-
dential company reports); and to geotechnical prop-
erties from onshore boreholes drilled in 
conjunction with this investigation.  By these 
means, the following inferences were made: 

 

  Marine sediments with velocities as low as 

1600 m/sec increasing towards 1900 m/sec;     

  Laterite and residual soil with velocities up to 

1900 m/sec; 

  Extremely weathered or fractured BCF, in-

creasing in strength as velocities increase from 

1900m/sec towards 3400m/sec  

  High strength BCF, with velocities measured 

as high as 3400 m/sec. 

 

Adoption of the nominal lower velocity limit 

(2500 m/sec) above, for rock requiring blasting, ena-

bled locations and depths to be extracted from the 

velocity model for use by the client’s blasting con-

sultant in progressing the project towards environ-

mental impact assessments.   

7 CONCLUSIONS 

Geophysical investigation can provide valuable da-
ta towards characterization of a site proposed for 
dredging, independently of other data in the first 
instance but with much greater effect when inter-
pretation is controlled by targeted geological and 
geotechnical data. At this site, a suite of geophysi-
cal methods, including multi-beam echo-sounder, 
side-scan sonar, magnetic survey, seismic reflection 
and seismic refraction, were used. 

The extraordinarily dense grid of seismic refrac-
tion profiles specified for the investigation enabled 
an extremely detailed 4D velocity model to be de-
veloped for the site. This enabled enhanced inter-
pretations of the surface and sub-surface ground 
conditions for dredging assessments 

The identification of an additional potential 
channel alignment confirms that experience-based, 
in-field assessment of site conditions and collabo-
rative relationships between consultant and client 
can lead to valuable outcomes. 
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