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Voyage Summary 

Objectives and brief narrative of voyage 

Scientific objectives 

The scientific objectives of Project HALO (Halimeda bioherm Origins, function and fate in the 

northern Great Barrier Reef) were to:  

(1) define the spatial distribution and morphological variation of the Halimeda bioherms;  

(2) explore the relationship of the bioherms to the deeper undersea landscape (channels, passages, 

slope, submarine canyons and basin) and key oceanographic processes;  

(3) develop new 3D models explaining their origin and development, generate Holocene paleo-

climate data, including novel archives of upwelling, paleo-flooding and water quality;  

(4) quantify their total volume/area as a regional geological carbon sink within the context of the 

global carbon budget; and  

(5) assess the importance of the bioherms as modern, inter-reef benthic habitats. 

Voyage objectives 

This section provides the voyage objectives as written prior to the voyage. 

Project HALO will conduct detailed survey operations at three sites with Halimeda bioherms on the 

northern GBR shelf and the directly adjacent, deeper offshore areas. The shelf work aims to conduct 

dense grids of geophysical lines at the three bioherm sites, representing the variety of morphological 

sub-types, and spread between the Ribbon Reefs and Tijou Reef study areas. We plan to spend ~6 

days at each shelf grid site, roughly divided into 1-2 days each for geophysical mapping, sea floor 

imaging, sea water and seabed sampling. The transits between the shelf sites are also important to 

investigate additional Halimeda bioherm areas, paleo-channels, inter-reef passages and the 

connections to the upper-slope and canyons wherever possible. The deep offshore work will be 

conducted towards the end of the voyage at three possible slope/basin sites offshore Princes 

Charlotte Bay and the Ribbon Reefs in transit to Cairns via Grafton Passage. The following 

instruments and methods will be applied during the voyage to provide data for the scientific 

objectives: 

 

1) Bioherm surface and subsurface geomorphology (geophysical surveys)  
 
Kongsberg EM710, EM122 and EM2040 multibeam mapping 

Multibeam bathymetry and backscatter surveys (MBES) will determine the detailed bioherm surface 

morphology at each grid site. As the bioherms occur between depths of ~20-50 m, the EM710 in 

combination with the EM2040 will be used, and the EM710 during the transits off-shelf to a lower 

depth limit of ~800 m. The EM122 will survey continental slope depths greater than ~100 m for the 

offshore objectives (below). The depths offshore from the Princes Charlotte Bay and Ribbon Reefs 
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area range to ~2000 m. Using an average bioherm depth of 20 m, the shelf survey sites are planned 

with grid line spacings of 50 m for ~30 min @ 7 kn, covering ~6 km with each line. With each grid 

taking 10-14 hours including turns and several crosslines, each grid potentially covers 6 km x 1 km. If 

time allows, and in the event that poor weather or other logistical constraints preclude deck 

operations, these survey grids will be expanded. 

Sub-Bottom SBP120 profiler 

The SBP120 will be operated in conjunction with the multibeam systems. The dense sub-bottom 2D 

profiles over the shelf grid sites are critical as they will be used to reconstruct the 3D sub-surface, 

including their internal reflections and the shape of the basement substrate, due to the closeness of 

the lines. This technique has been used successfully on previous voyages to generate 3D models of 

the antecedent topography and volumetric calculations of GBR shelf-edge reefs. The Halimeda 

bioherms have excellent sub-bottom structure and will be ideal for extending this 3D modelling 

technique over representative bioherm morphological sub-types. This subsurface information will 

also guide the sediment coring program using the multicorer and vibrocoring systems. 

 

2) Bioherm internal structure and composition (sediment coring and rock sampling)  
 
Vibrocoring system (User Supplied Equipment) 

Given the nature of the Halimeda bioherm sediments and depth limitation of the shipboard coring 

system, we will use a vibrocoring system provided by Geoscience Australia (GA). We will collect 

replicate vibrocores from the bioherm crests and troughs to obtain a full sequence of the sediments 

overlying the karst Pleistocene surface. We aim to collect up to 6 m long sediment cores (up to 15 

cores per shelf site) at each of the three shelf sites (~20-50 m). A transect approach will be employed 

to sample across the bioherms, in the event that penetration depths are limited by challenging 

lithologies, and also allowing access to older sequences on their flanks. Vibrocoring sites will be 

selected following the systematic MBES mapping and observation of the seabed within proposed 

shelf grid survey sites, using the MNF towed camera/and or drop camera systems. 

Rock dredging 

We will collect dredged rock samples from the outcropping rock pinnacles within the depressions 

and along the flanks of the bioherms to characterise the antecedent basement. The multibeam 

bathymetry and sub-bottom data will provide precise targets at the survey sites for standard rock 

dredging. Previous MNF voyages have successfully used this approach to recover Pleistocene-aged 

rocks and attached living benthos on the GBR and Fraser shelf edge (SS2007_V07; SS2013_V01). Any 

attached modern and fossil benthos will be analysed and archived by the HALO biology team. 

 
3) Bioherm modern habitats and biota (seabed imaging, seabed sampling and water sampling) 
 
MNF towed camera system  

We will collect seafloor imagery using the onboard MNF towed camera system as vertical dips. We 

will conduct several cross-shelf transects across bioherms at representative stations to assess the 

substrate types and character of the modern benthic biota associated with these habitats. Due to 

the shallow water depth the camera will not be towed continuously but lowered periodically by 

vertical dips to image the sea floor. The precise location of these cross-shelf transects will be 
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identified following the geophysical mapping (multibeam and sub-bottom profiling) and will be 

designed to capture representative examples of the three main bioherm geomorphic types. 

 
Smith McIntyre Grab, box corer & shallow CTD’s 

We will collect a dense transect of sediment grabs over targeted bioherms within the shelf sites. 

Grabs will be obtained across the crests, down the flanks and into the depressions. These sediments 

will later be analysed for grain size, texture, composition, and any recovered live biota (Halimeda, 

coralline algae, corals, large benthic foraminifera etc) identified and curated for further study 

including DNA analysis. A box corer will be deployed at representative sites to ensure the living 

surface fauna is collected. Several shallow CTD casts will be carried out across shelf to characterise 

oceanographic conditions, collect water for biogeochemical measurements and eDNA analysis of 

biodiversity in the different bioherm morphology types. 

 

Water collection for nutrient analysis, trace and rare earth elements 

We will collect water samples from the sediment/water interface that will be analysed by the MNF 

Hydrochemistry team and by the science party post-cruise for nutrients (oxygen, nitrate, phosphate, 

silicate, nitrite, ammonia), and trace and rare earth elements.  Since the CTD Niskin rosette cannot 

be deployed within 5 m of the seabed, we plan to use the multi-corer to collect sed/water interface 

water also with a Niskin bottle attached. 

 

4) The role of Halimeda algal habitat in tropical marine carbon and nitrogen biogeochemical 
cycling  

The objective is to measure the contribution of Halimeda bioherms to marine carbon and nitrogen 

biogeochemical cycles, and greenhouse gas fluxes on the shelf. This will provide a crucial first step 

towards understanding biogeochemical cycling between the bioherms and adjacent coral reef 

habitats. We will collect Halimeda sediment short cores at the shallow shelf sites, followed by deck 

incubations. This will help constrain the diurnal flux of nutrients (C/N/P), oxygen etc., and specific 

rate processes (denitrification, DNRA, N2 fixation etc.). Bioherm sediment porewater chemistry will 

test whether the donut shapes are a result of some chemical process (e.g. sulphidic conditions and 

dissolution).  

Sediment-water interface cores will be collected with the multicorer. However, there is concern that 

the multicorer may not penetrate the coarse carbonate sand/gravel, in which case we use the box 

corer. The sediment cores will be transferred to the chambers, placed in the incubation tanks and 

pre-incubated while the RVI is underway and engaged in other activities. During the onboard 

incubations a range of experiments and measurements will be performed including flux incubations 

(nutrients, pH, alk, DOC, DIC etc – Light and Dark experiments) under ambient conditions, and 

nutrient analysis. To complement the deck incubation experiments, we will take continuous in situ 

measurements of the water column within the bioherm ring-shaped hollows, and outside the 

hollows, by deploying a sonde with conductivity, temperature, depth, pH, and O2 probes attached.   

 

 

5) Deeper undersea landscape (slope, submarine canyons and basin) and key oceanographic 
processes (multibeam mapping, sediment coring and water sampling) 
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The objective is to investigate the deeper seascapes offshore and establish the geomorphic, 

sedimentologic and oceanographic relationships between the Halimeda bioherms on the shelf. The 

deep offshore work will be conducted at three possible slope/basin sites offshore Princes Charlotte 

Bay and the Ribbon Reefs in transit to Cairns. Multibeam (EM710, EM122) mapping and SBP120 sub-

bottom profiling will be used, as required, to investigate the surface and sub-surface geomorphology 

of the slopes, canyons and basin and to select sampling sites. Using the Giant Piston Coring (GPC) 

system, we intend to collect piston cores from the slope and canyons to reconstruct 

paleoceanographic conditions (sea surface temperature, deep-water masses and upwelling etc.), 

and the history of shelf-to-basin sediment transport patterns. At each of the GPC stations we will 

also conduct a CTD overnight.  

     Results 

The huge amount of data from this multidisciplinary voyage will take several years to analyse in full, 

so here we describe the nature and magnitude of the data collected with respect to the five main 

voyage objectives with some initial, onboard observations and interpretations.  The full scientific 

results of this study will emerge as the analysis of the collected data and samples progresses. 

 

Objective 1. Bioherm surface and subsurface geomorphology (geophysical surveys) 

MBES & SBP survey operations were conducted throughout the voyage including transits between 

the shallow shelf sites (Sites 1-3, PCB) and the two main offshore sites (CC and RRC). Multibeam 

mapping of the three primary Halimeda bioherms was highly successful with c operations allowing 

us to greatly expand the size of the systematic survey boxes. We collected an area of 58 km2 of new 

high-resolution (sub-metre horizontal resolution) bathymetry and backscatter data using both the 

EM710 and EM2040 systems, while simultaneously collecting 507 km of SBP data. This is the first 

time these inter-reef regions have been mapped to this level of detail and preliminary observations 

reveal spectacular new details of the complex seafloor geomorphology and benthic substrates, and 

subsurface structures including clearly resolved internal reflectors and the antecedent substrate the 

bioherms developed on (Fig. 1-2). 

 

Objective 2. Bioherm internal structure and composition (sediment coring and rock sampling) 

The systematic collection of sub-bottom data, including representative cross lines, allowed us to 

target the range of bioherm morphotypes (annulate, reticulate, undulate – flanks, crests and 

hollows) for sediment coring. We successfully deployed the Geoscience Australia vibrocoring system 

to recover 42 sediment cores, many up to 6 m long, for a total of 175 m in precisely targeted 

transects across the shelf to sample the full range of bioherm features (Fig. 2).  

We also successfully dredged the rocky outcrops resembling patches of reef observed in many of the 

bioherm hollows or depressions, recovering 13 rock dredges comprising limestones with attached 

biology. The vibrocores were not split offshore, however, observations of the sediment core 

tops/ends revealed possible paleo-mangrove muds, uncemented Halimeda-rich sediments, 

cemented grainstones indicating early lithification and fossil reef deposits forming the rock 

outcropping in the bioherm hollows. 
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Objective 3. Bioherm modern habitats and biota (seabed imaging, seabed sampling and water 

sampling) 

The systematic cross-shelf transect sampling across the bioherms was highly successful enabling us 

to efficiently collect over 34 drop camera images of the sea-floor as well as corresponding surface 

sediment samples using the Smith-Mac grab. Furthermore, based on our new MBES & SBP surveys, 

we separately collected additional precisely targeted drop camera images (43), box cores (35), 

shallow CTD (12) and multi cores (13) from the range of different bioherms morphotypes and 

features (crest vs. hollow). Early observations of these data revealed significant variation in biota, 

substrates and sediment types in both the transect samples and the targeted samples (Fig. 3). The 

surface of the bioherms support a rich diversity of epifaunal and infaunal invertebrates and we 

collected over 1000 specimens with the infauna dominated by polychaetes, juvenile sea urchins and 

brittle stars, indicating that this area is an important recruitment and nursery habitat for these 

animals. 

 

Objective 4. The role of Halimeda algal habitat in tropical marine carbon and nitrogen 

biogeochemical cycling 

We collected detailed oceanographic and nutrient data from underway measurements and water 

samples from the three primary bioherm sites, as well as the PCB shelf site absent of bioherms. The 

preliminary data show that in August (late austral winter) nutrient levels are very low overlying the 

bioherms, suggesting that there is no external source of nutrients during austral winter. The 

targeted morphotype sampling allowed us to collect sufficient multicores from the crest and hollows 

of the bioherms. In the appropriate benthic substrate, the multicore system worked exceptionally 

well allowing us to capture the live Halimeda and the underlying sediment that was used for a series 

of light/dark incubation experiments (Fig. 4). Preliminary data indicate elevated nutrients in these 

experiments, suggesting that nutrient recycling may be maintaining the Halimeda in the absence of 

external nutrient influx during austral winter. 

 

Objective 5. Deeper undersea landscape (slope, submarine canyons and basin) and key 

oceanographic processes (multibeam mapping, sediment coring and water sampling) 

The success and efficiency of the shelf bioherm operations meant that an expanded program in the 

deeper offshore regions on the return leg was possible. We collected over 292 NM of MBES & SBP 

survey data from two main offshore sites: Clack Canyons adjacent to the PCB shelf region which is 

absent of Halimeda bioherms, and the Ribbon Reef Canyons which is adjacent to the Sites 1 and 2 

bioherms. Based on the high quality SBP data we were able to use the RV Investigator’s giant piston 

coring system to target coring sites on the upper slope and canyon levee system toward a depth of 

2200 m. The team successfully collected 5 piston cores up to 10 m long, with initial observations 

from core tops/ends confirming the presence of fine hemipelagic sediment and sandy turbidite 

layers that likely represents an archive of paleoceanographic changes and sediment transport from 

shelf to the deep ocean floor. A transect of 5 CTD casts along the canyon axes at both sites was also 

collected and analysed to assess the water masses in the region and the potential exchange between 

the offshore basin and shelf systems.  
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The key marine geophysical observations, in situ measurements and sampling statistics are 

presented in the table below.   

Table 1. Key measurements and sampling statistics for IN2022_V07 

Activity/tool Total number of data/measurements/samples collected 

Days at sea  25 

MBES & SPB (survey) Site 1(RR) 171 NM, Site 2(CR) 184 NM, Site 3(TR) 152 NM, 

offshore sites (CC 112 NM, RRC 180 NM) = total ~800 NM 

Towed & Drop camera 1 Towed & 90 Drop 

CTD (& underway) 21 CTD sites (1030 hydrochemistry samples for nutrients, 

salinity, oxygen, 10 eDNA, 763 d15N, TON, DIC, alkalinity etc.)  

Multicores 19 (used for 10 incubation experiments, 256 hydrochemistry 

samples for nutrients, plus samples for d15N, TON, DIC and 

alkalinity) 

Box cores 39 

Smith-Mac grabs 35 

Biota sample/preserved 1072 sample units 

Rock dredges 14  

Vibrocores (Geoscience Aust.) 42 (201 m penetration, ~175 m rec. @ 87%) 

Giant piston cores (2 or 3 barrels) 5 x 7-10 m in length (~40 m total recovered) 

 

Voyage narrative 

Mobilisation & transit: RV Investigator departed from Brisbane on Aug 14th 2022, following 9 days of 

Pre-voyage quarantine onshore, Pre-voyage medical clearance and mobilisation activities. Scientific 

activities during transit included a calibration CTD (-1000 m) off Fraser Island and the deployment of 

the towed camera system in the Capricorn Channel on top of a terrace at -190 m across a range of 

benthic substrates. The substrate comprises bioturbated sediments and exposed outcrops covered 

by abundant stalked crinoids, deep water corals and sponges. The transit continued NW along the 

GBR lagoon shipping route, collecting MBES & SBP data from several features of interest including 

paleo-ooid shoals, major paleo-channels (Herbert, Burdekin etc) and possible “wonky hole” features. 

RV Investigator arrived Aug 18th off Cairns and successfully completed a calibration patch test for the 

shallow water EM2040 multibeam.  
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Site 1 (Ribbon Reef 3 - RR) 18th to 22nd August: We arrived at Site 1 on Aug 18th and began 

systematic MBES & SBP survey operations covering a 7 km2 area in water depths between 26.5 to 

48.5 m.  We      then completed the cross shelf transect sampling program of systematic drop 

camera and Smith-Mac sediment sampling by Aug 19th. Commenced targeted bioherm morphotype 

sampling using shallow CTDs, multi-cores (and associated incubation experiments), box cores, drop 

camera and rock dredges by Aug 21st.  A trial vibrocoring shakedown was completed on Aug 19th, and 

after necessary modifications and refinements to the system, successfully completed a vibrocoring 

transect on Aug 22nd. 

Activities were supplemented with additional night-time MBES & SBP survey operations that 

doubled the Site 1 survey area to the north and south to complete a total area of 15 km2, before 

beginning the transit north to Site 2. 

 

Site 2 (Cormorant Reef - CR) 23rd to 26th Aug: We arrived at Site 2 Aug 23rd and began systematic 

MBES & SBP survey operations covering a 7 km2 area in water depths between 18 to 44.5 m. We 

then completed the cross shelf transect sampling program (drop camera and Smith-Mac sediment 

grabs) by Aug 24th. Targeted morphotype sampling using CTDs, multi-cores (and associated 

incubation experiments), box cores, drop camera and rock dredges were successfully completed by 

Aug 26th, interspersed with two successful vibrocoring sessions (13 cores). Additional night-time 

MBES & SBP survey operations that expanded the Site 2 survey area to the north, with a total of 16 

km2 covered. While in transit to Site 3 we stopped at the Princess Charlotte Bay (PCB) (see paragraph 

below) and conducted 20 hrs of scientific operations that included sediments grabs, multicores, 

CTDs, and a systematic MBES & SBP survey of the paleo-Lowry channel, defining a 14 km2 area of the 

shelf that is free of Halimeda bioherms. 

 

Site 3 (Tijou Reef - TR) 28th to 31st August: We arrived at Site 3 Aug 28th and began systematic MBES 

& SBP survey operations covering a 5 km2 area in water depths between 12.4 to 33.3 m. We then 

completed the cross shelf transect sampling program (drop camera and Smith-Mac sediment grabs) 

by Aug 29th.  Targeted morphotype sampling using CTDs, multi-cores (and associated incubation 

experiments), box cores, drop camera, rock dredges and vibrocores was achieved by Aug 31st with 

night-time operations.  Additional MBES & SBP survey operations significantly expanded the Site 3 

survey area to the south, to complete a total area of 13 km2. Commenced transit south back to the 

Princess Charlotte Bay (PCB). 

 

Princes Charlotte Bay (PCB) & offshore sites (Clack Canyons - CC; Ribbon Reef Canyons - RRC): RVI 

exited the shelf seaward through the Lowry passage on Sep 1st after completing the MBES & SBP 

survey and targeted drop camera and box core program that was started Aug 27th on the transit 

North to Site 3. Completed an overnight CTD in the Clack Canyon axis before completing MBES & SBP 

survey of the canyon and slope deposits to select potential giant piston coring sites. Three giant 

piston cores, close to 8 m long (using a 10 m long barrel), were successfully recovered from the slope 

hemipelagic and canyon channel levee deposits in water depths down to 2400 m. Piston coring 

activities were interspersed with two other successful canyon axis CTD’s, a rock dredge that 

recovered several limestones from 400-360 m water from the top of Tydeman Knoll and further 

systematic MBES & SBP surveys. The RVI then transited further south to the Ribbon Reef Canyons 
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site by Sep 4th and commenced MBES & SBP survey of the canyon and slope deposits and selected 

potential giant piston coring sites. Two piston cores, one close to 10 m long (using a 15 m long 

barrel), were successfully recovered from the slope hemipelagic and canyon channel levee deposits 

in water depths down to 2200 m. Piston coring activities were interspersed with two other 

successful canyon axis CTDs, a drop camera observation on the top of submarine landslide blocks 

that are observed in 2200 m water depth on the slope in front of the Ribbon Reef Canyons (i.e. 

RC13), as well as further systematic MBES & SBP surveys of the canyon axis and cross-canyon 

profiles. RV Investigator departed the Ribbon Reef Canyons offshore study site on Sep 6th, arriving in 

Cairns on Sep 7th with the HALO science team demobilising on the same day. 

Outreach, education and communications activities 

The HALO science team, including scientists and students, actively participated in various outreach, 

education and communications activities throughout the voyage. They created a voyage specific 

Facebook and Twitter page, both titled Project HALO 2022 (links below), publishing 13 voyage blogs. 

In these blogs, the team used a mix of text, visual, and networking (tagging, hashtags and resharing) 

communication tools to build a voyage profile of project information, science operations, new 

findings and life on board. These posts demonstrated the necessary collaboration and mentoring 

between members of our wonderfully diverse team to unveil the mysteries of these unique 

Halimeda bioherms. These platforms were useful for users to access links to the MNF website with 

further resources regarding the voyage and the nature of Halimeda bioherms to put the blogs about 

what HALO science team were investigating in context. The team also utilised the visual feed of the 

Instagram platform by publishing photos using the hashtags #greendonuts, #HALO22, & 

#RVinvestigator. This was a great way to make people aware of the project while directing them to 

the detailed outreach materials on Facebook and Twitter. Blogs were also posted to the Geocoastal 

Research Group (GRG) (University of Sydney) website. 

 

Onboard educational activities encompassed extensive training of the student cohort by HALO 

scientists and MNF support staff that covered numerous aspects of hydrochemistry, marine 

geophysics, sediment and biologic sampling. Associate Professor Helen Bostock delivered several 

ship-to-shore lectures to undergraduate students at the University of QLD. A shipboard series of 10 

“Science-at-Sea” seminars were given by the HALO scientists and students to the MNF support staff 

and ship’s crew that served to share knowledge and build camaraderie among the entire ship’s 

complement. Several HALO science summary talks synthesising the preliminary voyage results were 

delivered by the Chief Scientist (Webster) and PI team leaders (McNeil, Byrne, Bostock, Nothdurft). 

At the conclusion of the voyage several press releases from the University of Sydney and Geoscience 

Australia (GA) were distributed to publicise the significant outcomes of the voyage. 

(https://www.ga.gov.au/news-events/news/latest-news/marine-geoscience-in-action-a-search-for-

green-doughnuts; https://www.sydney.edu.au/news-opinion/news/2022/10/19/unravelling-the-

mystery-of-green-doughnuts-on-the-great-barrier-.html). 

Links: 
Twitter (Project HALO 2022) 
Facebook (Project HALO 2022) 
MNF website  
Geocoastal Research Group (GRG) (University of Sydney) website 

https://www.ga.gov.au/news-events/news/latest-news/marine-geoscience-in-action-a-search-for-green-doughnuts
https://www.ga.gov.au/news-events/news/latest-news/marine-geoscience-in-action-a-search-for-green-doughnuts
https://www.sydney.edu.au/news-opinion/news/2022/10/19/unravelling-the-mystery-of-green-doughnuts-on-the-great-barrier-.html
https://www.sydney.edu.au/news-opinion/news/2022/10/19/unravelling-the-mystery-of-green-doughnuts-on-the-great-barrier-.html
https://twitter.com/Mattcle15185544
https://www.facebook.com/ProjectHALO2022
https://mnf.csiro.au/en/Voyages/IN2022_V07
https://grgusyd.org/2018/06/23/rv-investigator-ship-time-project-halo-halimeda-bioherm-origins-function-and-fate-in-the-northern-great-barrier-reef/
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Summary 

This was a highly complex and multidisciplinary voyage in a challenging reef environment for the RV 

Investigator. Additional challenges were faced by the HALO science team and MNF staff as a result of 

the COVID-19 related rescheduling and restrictions, complex integration of third-party equipment 

(e.g. Geoscience Australia’s vibrocoring system) and a shortened lead up time to the voyage. Despite 

these difficulties, the voyage was a spectacular success achieving all the main scientific objectives of 

the voyage, plus several opportunistic objectives due to the support, flexibility and willingness of the 

Master and ship crew, MNF support staff and science team. The preliminary observations made on 

the HALO cruise have revealed a stunning new picture of the Halimeda bioherms of the GBR and the 

unique, diverse inter-reef ecosystems they represent.  Post-voyage science will focus on 

investigating the 4D growth structure and development of the bioherms. This will include; 

characterising potential new species and revised assessments of their biodiversity; quantifying the 

nutrient cycling in the bioherms from water and sediments from the onboard incubation 

experiment; investigating the wealth of physical and chemical oceanographic data collected; and the 

reconstruction of novel high-resolution Holocene paleoenvironmental records from sediment cores 

collected from bioherms with the GA vibrocoring system. We anticipate this will contribute to 

expanding the knowledge of the World Heritage Outstanding Universal Values of the Great Barrier 

Reef Marine Park and the future management of these inter-reef habitats. 
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Summary of data and samples collected 

 

Item Name, 

Identifier (e.g. 

serial number) 

Principal 

Investigator 

(see Title Page) 

NO 

(see 

above) 

UNITS 

(see 

above) 

DATA TYPE 

Enter 

code(s) 

from list in 

Appendix A 

DESCRIPTION 

Identify, as appropriate, the nature of the data and of the 

instrumentation/sampling gear and list the parameters measured. 

Include any supplementary information that may be appropriate e.g. 

vertical or horizontal profiles, depth horizons, continuous recording or 

discrete samples, etc. For samples taken for later analysis on shore, an 

indication should be given of the type of analysis planned, i.e. the 

purpose for which the samples were taken. 

Box Core, BC1 – 

BC39 

Luke Nothdurft, 

Jody Webster 

39 samples G04, B17, 

B18 

Soft sediment samples, live Halimeda and biota from Octopus box-corer. 

For grain size and compositional analysis, taxonomy. 
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Niskin bottom 

water samples 

BCB1-27 

Helen Bostock, 

Yusuke 

Yokoyama 

27 bottles H09, H21, 

H22, H24, 

H25, H76, 

H26, H27, 

H28, H30 

Oxygen, salinity and nutrient measurements of the sediment/water 

interface. See also hydrochemistry data processing report. 

CTD1 – CTD21 Helen Bostock, 

Yusuke 

Yokoyama 

21 casts H10, H21, 

H22, H24, 

H25, H76, 

H26, H27, 

H28, H30 

CTD casts for oxygen, salinity, temperature, pressure, with 36-bottle Niskin 

rosette. Water samples analysed for salinity, oxygen, carbon isotopes and 

nutrients. 

See also CTD data processing report and  hydrochemistry data processing 

report 

Drop camera, 

DC1-DC91 

Jody Webster, 

Maria Byrne 

91 deploy

ments 

G08, B17, 

B18 

The towed body was deployed in vertical (down-facing) drop mode, 

collecting video and still images of the benthos for substrate and 

community ecology analysis. 

Rock dredge, 

DR1-DR14 

Jody Webster, 

Maria Byrne 

14 dredges G01 Rocky outcrops identified by drop camera within the bioherm hollows 

were dredged to collect hard substrates with attached biota. Geological 

characterisation (lithology, texture) and benthos. 

https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2028
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2028
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
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Piston core, GP1 

– GP5 

Jody Webster, 

Helen Bostock 

5 cores G04, G90 The giant piston corer was deployed at two deep offshore sites after 

exiting the continental shelf seaward of Princess Charlotte Bay and on the 

transit to Cairns. Water depths ranged from ~800 to ~2400 m. Cores were 

cut to 1m length sections for transport and storage. 

Cores will be analysed for grain size, texture, composition, foraminiferal 

assemblages, carbon and oxygen isotopes for dating and paleo-

environment reconstruction. 

Multicores, MC1 

– MC19 

 Helen Bostock, 

Dirk Erler, Yusuke 

Yokoyama 

19 cores G04, H09, 

B17, G71 

Multicores were extracted from bioherm crests and hollows, plus control 

sites, to examine the shallow sub-surface and sediment-water interface. 

Cores containing sediment and live Halimeda were incubated in light/dark 

deck incubation tanks, and water samples measured for oxygen and 

nutrients. See also hydrochemistry data processing report. 

Sediments were collected for texture, composition, trace elements, 

microbial activity 

https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
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Smith-Macintyre 

grab, SMG1 - 

SMG35 

Luke Nothdurft 35 grabs G02 Sediment grabs in cross-shelf transects, for texture and composition to 

characterise the bioherm surficial substrate. 

Towed body, TC1 Jody Webster, 

Maria Byrne 

1 tow G08 On leg 1 transit the towed body was deployed in 200 m depth on the 

‘Capricorn Cliff’ to capture a benthic video transect. The video will be 

analysed to characterise the substrate and biota. 

Biota Maria Byrne 1072 units B17, B18  Biota samples were preserved (ethanol/dried) for taxonomic identification 

and community ecology analysis. Samples were obtained from Smith-

Macintyre grabs, box cores and dredged rocks. 

Underway water 

samples 

Helen Bostock, 

Yusuke 

Yokoyama 

    H21, H22, 

H24, H25, 

H76, H26, 

H27, H28, 

H30 

Regular water samples were collected from the underway clean 

instrument seawater supply and analysed for salinity, oxygen and 

nutrients. See also underway data processing report and  hydrochemistry 

data processing report 

https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2128
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2128
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2029
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Sub-bottom 

profiles 

Jody Webster, 

Robin Beaman 

507 km G75 Kongsberg SBP120 

Multibeam 

echosounder 

bathymetry 

Jody Webster, 

Robin Beaman 

58 

4,817 

km2 

km 

G74 Shelf surveys 

Voyage track 

Kongsberg EM2040 and EM710 multibeam echosounders. 

Vessel underway 

data 

        Meteorological measurements, navigation, speed, water temperature, 

salinity. See underway data processing report 

            

https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2128
https://www.marine.csiro.au/data/reporting/get_file.cfm?eov_pub_id=2128
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Curation Report 

Item # Description Storage Access Custodian 

A detailed curation report for every sample type and sample ID was provided to the MNF Data team. See RV Investigator Voyage IN2022_V07 End of Voyage (EOV) Archive  

or email data-requests@marine.csiro.au. Applications to access voyage documentation by non-CSIRO participants can be made via NCMI_DataLibrarians@csiro.au 

1 Sediment surface grabs from box 

cores and Smith-Macintyre grabs 

The University of Queensland and 

Queensland University of Technology 

On request Luke Nothdurft 

2 Giant piston cores The University of Queensland On request Helen Bostock 

3 Vibrocores The University of Queensland On request Luke Nothdurft 

4 Dredged rocks The University of Sydney On request Jody Webster 

5 Biota The University of Sydney 

The Museum of Tropical Queensland 

The Australian Museum 

On request Maria Byrne 

6 Water samples analysed onboard 

for salinity, oxygen, nutrients 

MNF Creative Commons Non-commercial-

Share Alike 4.0 

https://www.marine.csiro.au/data/tra

wler/dataset.cfm?survey=IN2022%5F

V07&data_type=hydro 

 

 

MNF 

7 Water samples for isotope analysis The University of Tokyo On request Yusuke Yokoyama 

8 Water samples for trace element 

analysis 

Queensland University of Technology On request Luke Nothdurft 

https://data.csiro.au/collection/csiro%3A56256v1
https://data.csiro.au/collection/csiro%3A56256v1
https://www.marine.csiro.au/data/trawler/dataset.cfm?survey=IN2022%5FV07&data_type=hydro
https://www.marine.csiro.au/data/trawler/dataset.cfm?survey=IN2022%5FV07&data_type=hydro
https://www.marine.csiro.au/data/trawler/dataset.cfm?survey=IN2022%5FV07&data_type=hydro
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Item # Description Storage Access Custodian 

9 Water samples for 

biogeochemistry analysis 

Southern Cross University  On request 
Dirk Erler 
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     Track Chart 
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Figures 

 

Fig. 1. (a) Halimeda bioherms along the northern GBR are indicated in green in this regional map. (b, c, and 
d) Representative 3D images based on newly collected bathymetry data on IN2022_V07 display the 
complex bioherm morphologies at Sites 1-3. The black rectangle in Figure 1c represents the area shown in 
Figure 2. (images from Webster et al., 2023). 

 

 

 

 

 

 

 

 

 

Fig. 2. High-resolution bathymetry and sub bottom imagery of sediment layers below the seafloor, 
combined with precisely targeted vibrocores (red lines) at Site 2. (image from Webster et al., 2023). 
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Fig. 3. Images of representative invertebrates such as urchins, sea stars, nudibranchs, and others that were 
recovered from Halimeda bioherms (image from Webster et al., 2023). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Halimeda algae are seen here (a) living on the bioherm seafloor using the Drop camera and (b and c) 
in multicore incubation experiments conducted to understand geochemical cycling (images from Webster 
et al., 2023).   



- 22 - 

The Marine National Facility is owned and operated by CSIRO on behalf of the nation   22 

References 

Webster, J.M., McNeil, M.A., Bostock, H., Nothdurft, L. and Byrne, M.N., 2023. Making sense of the 
Great Barrier Reef’s mysterious green donuts. EOS. https://doi.org/10.1029/2023EO230079 

 

Appendix A – CSR/ROSCOP Parameter Codes 

 METEOROLOGY   MARINE BIOLOGY/FISHERIES 

M01 Upper air observations  B01 Primary productivity 

M02 Incident radiation  B02 Phytoplankton pigments (eg chlorophyll, 

fluorescence) 

M05 Occasional standard measurements  B71 Particulate organic matter (inc POC, 

PON) 

M06 Routine standard measurements  B06 Dissolved organic matter (inc DOC) 

M71 Atmospheric chemistry  B72 Biochemical measurements (eg lipids, 

amino acids) 

M90 Other meteorological measurements  B73 Sediment traps 

   B08 Phytoplankton 

 PHYSICAL OCEANOGRAPHY  B09 Zooplankton 

H71 Surface measurements underway (T,S)  B03 Seston 

H13 Bathythermograph  B10 Neuston 

H09 Water bottle stations  B11 Nekton 

H10 CTD stations  B13 Eggs & larvae 

H11 Subsurface measurements underway (T,S)  B07 Pelagic bacteria/micro-organisms 

H72 Thermistor chain  B16 Benthic bacteria/micro-organisms 

H16 Transparency (eg transmissometer)  B17 Phytobenthos 

H17 Optics (eg underwater light levels)  B18 Zoobenthos 

H73 Geochemical tracers (eg freons)  B25 Birds 

D01 Current meters  B26 Mammals & reptiles 

D71 Current profiler (eg ADCP)  B14 Pelagic fish 

D03 Currents measured from ship drift  B19 Demersal fish 

D04 GEK  B20 Molluscs 

D05 Surface drifters/drifting buoys  B21 Crustaceans 

D06 Neutrally buoyant floats  B28 Acoustic reflection on marine organisms 

D09 Sea level (incl. Bottom pressure & 

inverted echosounder) 

 B37 Taggings 

https://doi.org/10.1029/2023EO230079
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D72 Instrumented wave measurements  B64 Gear research 

D90 Other physical oceanographic 

measurements 

 B65 Exploratory fishing 

   B90 Other biological/fisheries measurements 

 CHEMICAL OCEANOGRAPHY    

H21 Oxygen   MARINE GEOLOGY/GEOPHYSICS 

H74 Carbon dioxide  G01 Dredge 

H33 Other dissolved gases  G02 Grab 

H22 Phosphate  G03 Core - rock 

H23 Total - P  G04 Core - soft bottom 

H24 Nitrate  G08 Bottom photography 

H25 Nitrite  G71 In-situ seafloor measurement/sampling 

H75 Total - N  G72 Geophysical measurements made at 

depth 

H76 Ammonia  G73 Single-beam echosounding 

H26 Silicate  G74 Multi-beam echosounding 

H27 Alkalinity  G24 Long/short range side scan sonar 

H28 PH  G75 Single channel seismic reflection 

H30 Trace elements  G76 Multichannel seismic reflection 

H31 Radioactivity  G26 Seismic refraction 

H32 Isotopes  G27 Gravity measurements 

H90 Other chemical oceanographic 

measurements 

 G28 Magnetic measurements 

   G90 Other geological/geophysical 

measurements 

 MARINE CONTAMINANTS/POLLUTION 

P01 Suspended matter 

P02 Trace metals 

P03 Petroleum residues 

P04 Chlorinated hydrocarbons 

P05 Other dissolved substances 

P12 Bottom deposits 

P13 Contaminants in organisms 

P90 Other contaminant measurements 
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Appendix B – Photographs  

 

RV Investigator before departure from Brisbane (@ Jody Webster) 

 

HALO science team before departing Brisbane (@ Luke Nothdurft) 
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HALO science team subsampling water from a successful CTD (@ Helen Bostock) 

 

 

Deploying the towed camera off the RV Investigator A-frame (@Matt Clements) 
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Representative images of invertebrates (Nudibranchia) from the surface of the Halimeda bioherms (@Matt      
Clements) 

 

RV Investigator deck operations during the deployment of the geoscience Australia vibrocoring system (@ 

Jody Webster) 
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Close up showing Halimeda sediments recovered with the vibrocore (@ Luke Nothdurft) 

 

 

 

Multicore recovered from the bioherms showing the well-preserved seabed sediment-water interface (@ 

Luke Nothdurft) 
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HALO science team conducting in situ measurements of the deck incubation experiments from multicores 

(@ Luke Nothdurft) 

 

 

Geoscience Australia (GA) vibrocoring system being deployed off the RV Investigator (@ Lisa Woodward) 
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Living and dead Halimeda recovered from the surface of the bioherms (@ Luke Nothdurft) 

 

 

 

Camera system used in drop mode to image benthic habitats in the Halimeda bioherms (@ Jody Webster) 
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Close up image of the coring head following the successful recovery of the giant piston coring system (@ 

Jody Webster) 
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IN2022_V07 Scientists, MNF support staff and ship’s crew (@ David Flynn) 

 

 

 


