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A B S T R A C T   

The initiation of the Holocene Great Barrier Reef coincided with rapid environmental change as sea level rose 
and inundated the shelf. Core data from One Tree Reef (southern Great Barrier Reef) shows coral growth started 
by ~8.2 ka, but accretion between 8 and 7 ka was slower, occurred in deeper water, and comprised more 
sediment-tolerant coral communities compared to growth following sea-level stabilization. It has been postulated 
that environmental stressors (e.g. increased turbidity and nutrients) suppressed and delayed reef growth, how
ever direct data supporting this hypothesis are scarce. Here we combine the isotopic composition of skeletal 
bound organic nitrogen (δ15N) and Ba/Ca ratios of coral skeletons with published geochemical proxies of 
terrestrial sediment discharge to constrain Holocene water conditions at One Tree Reef. Between 8 and 7 ka the 
skeletal δ15N values from multiple corals and genera were elevated (average of 8.45 ± 0.89‰) relative to the 
early transgression and following sea-level stabilization (average of 7.04 ± 0.82‰). We propose that elevated 
δ15N in corals reflects the discharge of deep terrestrial soil nitrogen resulting from high runoff. This is supported 
by Ba/Ca measurements and published rare earth element and yttrium (REE + Y) geochemical proxies in coral 
and reefal microbialites from the same cores. These data suggest that increased terrigenous discharge of sediment 
and nutrients did not inhibit reef growth, rather led to the establishment of slower-growing, deeper and more 
sediment-tolerant coral communities. Understanding the capacity for reef growth under adverse environmental 
conditions provides insight into thresholds and resilience of the GBR over centennial-millennial timescales.   

1. Introduction 

The early Holocene initiation of the Great Barrier Reef (GBR) is an 
important case study to investigate the ability of coral reef systems to 
grow and withstand rapid environmental changes (Marshall and Davies, 
1982; Dechnik et al., 2015; Sanborn et al., 2020). This time interval was 
marked by rapid relative sea-level (RSL) rise (~6–7 m/ka; Sloss et al., 
2007; Lewis et al., 2013), increasing sea surface temperatures (SST) 
(+4◦ mean annual water temperature anomaly between 8 and 6 ka; 
Gagan et al., 2004; Sadler et al., 2016; Leonard et al., 2018), a wetter 
climate contributing to increased terrestrial runoff (Hembrow et al., 
2014), along with the reworking of terrestrial shelf sediments during the 
transgression of the GBR shelf (Davies and Kinesy, 1977; Hallock and 

Schlager, 1986). These factors are generally recognized as being detri
mental to reef growth, particularly for present reef systems threatened 
by rising SSTs, declining water quality, and increased nutrient runoff 
(Hughes et al., 2003; Pandolfi et al., 2003; Brodie et al., 2012; Water
house et al., 2017). Despite these unfavorable environmental conditions, 
studies across the GBR show extensive early Holocene reef growth by ~8 
ka, following a lag of ~1200–700 years between the flooding of the shelf 
and first coral growth (Dechnik et al., 2015; Sanborn et al., 2020). 
Previous work from One Tree Reef (OTR) (Fig. 1), southern GBR, 
showed that while the composition of early reef-building communities 
prior to 7 ka was primarily indicative of deeper or more turbid water 
settings, there is also evidence for clear-water communities from the 
initial coral growth 8.22 ± 0.05 ka (Dechnik et al., 2015; Sanborn et al., 

* Corresponding author. 
E-mail address: jody.webster@sydney.edu.au (J.M. Webster).  

Contents lists available at ScienceDirect 

Quaternary Science Reviews 

journal homepage: www.elsevier.com/locate/quascirev 

https://doi.org/10.1016/j.quascirev.2024.108636 
Received 10 December 2023; Received in revised form 22 March 2024; Accepted 22 March 2024   

mailto:jody.webster@sydney.edu.au
www.sciencedirect.com/science/journal/02773791
https://www.elsevier.com/locate/quascirev
https://doi.org/10.1016/j.quascirev.2024.108636
https://doi.org/10.1016/j.quascirev.2024.108636
https://doi.org/10.1016/j.quascirev.2024.108636
http://crossmark.crossref.org/dialog/?doi=10.1016/j.quascirev.2024.108636&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Quaternary Science Reviews 332 (2024) 108636

2

2020). 
Coral skeletal isotope geochemistry can provide useful proxies to 

investigate environmental controls on early Holocene reef development, 
including SST, salinity and phosphorous concentration (Alibert and 
McCulloch, 1997; Druffel, 1997; Montagna et al., 2006; Sadler et al., 
2016). Nitrogen (N) isotope signatures (δ15N, where δ15N =

[(15N/14N)sample/(15N/14N)air] − 1) in organic material bound within 
coral skeletons have been used to trace sources and availability of 
oceanic N in both modern and fossil corals, and has similarly been 
applied to red and green calcareous algae (Marion et al., 2005; Wang 
et al., 2017; Erler et al., 2019; McNeil et al., 2021). These studies rely on 
the underlying premise that relative changes in δ15N in a coral skeleton 
reflect shifts in the isotopic composition of N in the environment, which 
then is preserved in trace organic compounds in skeletal aragonite 
(Studer et al., 2018; Erler et al., 2019). While a species-specific offset 
between coral skeletal organic and coral tissue δ15N occurs, the skeletal 
material robustly reflects the δ15N of the coral tissue, which in turn re
flects the δ15N of the water column (Erler et al., 2015; Wang et al., 
2016). Paired with radiometric dates, changes in δ15N values over time 
can represent increased inputs of terrigenous N, N2 fixation, or stronger 
upwelling, and thus provide a valuable proxy for N input and cycling 
(Erler et al., 2015, 2019; Wang et al., 2015; Duprey et al., 2019). This 
has additionally been applied to studies of terrestrial runoff on the 
modern GBR, where highly enriched δ15N values (12–14‰) tracked 

increased river discharge during extreme flood events (Jupiter et al., 
2008). Ba/Ca ratios in coral cores provide additional records of sus
pended sediment loads, and thus nutrients, with positive anomalies in 
skeletal Ba/Ca ratios correlating with major river discharge events in the 
GBR (McCulloch et al., 2003; Saha et al., 2016), although Ba also may be 
affected by other biogeochemical cycling (Sinclair, 2005; Lewis et al., 
2018; Saha et al., 2018b). 

While nutrient availability is widely accepted as a control on the 
modern spatial distribution and growth capacity of coral reefs, it is also 
possible that elevated nutrient concentrations from increased upwelling, 
or terrestrial discharge, played a role in suppressing coral calcification 
during the early Holocene (Kinsey and Davies, 1979; Macintyre, 1988). 
Although there has not been adequate geochemical data to test this 
claim, it has been widely postulated that coral reefs were negatively 
impacted by increased nutrient availability in the early Holocene, 
causing lags and turn offs of reef growth in the Caribbean and elsewhere 
(Hallock and Schlager, 1986). In order to investigate the relationship 
between reef growth and coral skeletal δ15N, we used Holocene corals 
from OTR, which is one of the most widely studied reefs on the GBR from 
a geologic standpoint (Davies and Kinesy, 1977; Marshall and Davies, 
1982). Previous work on OTR has provided high-resolution geochro
nology and analyses of centennial-scale shifts in reef-building commu
nities over the Holocene (Sanborn et al., 2020). In this study, we present 
the first record of coral δ15N and Ba/Ca from well dated Holocene reef 

Fig. 1. Location of One Tree and Heron Reefs, and location of One Tree Reef Holocene cores (inset) (bathymetry source (Beaman, 2010)).  
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cores in order to characterize nutrient conditions during the early Ho
locene development of the southern GBR over centennial-millennial 
timescales. This demonstrates how the GBR has grown under typically 
adverse conditions in the past and has implications for predicting the 
growth of the GBR under future environmental change. 

2. Methods 

2.1. Coral isotopic and trace element analyses 

A 2015 drilling campaign yielded 12 new reef cores across different 
OTR settings, from which detailed assessments of Holocene reef com
munities and geochronology have been reported (Sanborn et al., 2020). 
Previously dated Porites, Isopora, and Acropora coral samples (n = 18) 
from these cores were selected for isotopic analysis, screened for 
diagenesis using thin section petrography, X-Ray Diffraction (XRD), and 
Scanning Electron Microscope (SEM) and imaged using computed to
mography (CT) to identify annual growth bands. Four additional corals 
were selected from a prior OTR drilling campaign (Dechnik et al., 2015). 
Two samples were collected from each selected coral colony. At least 
one high and one low density band were sampled from each coral where 
possible to identify, so as to avoid seasonal differences in terrestrial flux 
(e.g., Saha et al., 2018a, 2019). Powders of the corymbose branching 
Acropora colonies were drilled from the inter-branch skeleton (consist
ing of both coenosteum and corallites), which has similar annual density 
banding to massive Porites and good potential for use in paleoclimate 
reconstructions (Sadler et al., 2014, 2015). Corals were sampled using a 
Dremel tool and homogenized into a 100 mg sample (Supplementary 
Fig. 1) using an agate mortar and pestle before chemical cleaning (Wang 
et al., 2015). Due to potential differences in trophic levels between coral 
genera, we did not make direct comparisons between coral data, only 
the cumulative dataset. 

Homogenized and cleaned powders were dissolved in HCl, after 
which organic N was oxidized to NO3

− , converted to N2O, and then 
analyzed for δ15N following Wang et al. (2015). Nitrogen isotopes were 
measured at Southern Cross University using a Thermo Delta V Plus 
Isotope Ratio Mass Spectrometer coupled to a Thermo GasBench II 
interface system to concentrate the nitrous oxide following Erler et al. 
(2019). Each of the two multi-band homogenized samples per coral were 

run separately in triplicate with an analytical precision of 0.5 ‰. Means 
of the values of the two sets of triplicates per coral colony were analyzed 
in order to present multi-year averages and avoid seasonal variation, as 
there are high seasonal differences in discharge and thus transport of 
terrigenous material to the GBR (e.g., Saha et al., 2018a, 2019). Ba/Ca 
concentrations were measured at the Atmosphere and Ocean Research 
Institute of the University of Tokyo using inductively coupled 
plasma-atomic emission spectrometry (iCAP6300 Duo, Thermo Fisher 
Scientific) including XSTC-13 (multi-element standard solution, SPEX) 
and JCp-1 (a coral standard material, Okai et al., 2002). 

2.2. Incorporated coral geochronology and geochemical proxy data 

Eighteen of the coral samples had been previously dated directly (i. 
e., the reported age is from the same coral colony), and an age estimate 
for three additional undated coral samples were extrapolated from a 
closely adjacent dated sample (see Table 1). This represents an addi
tional conservative age error of 60 years (in addition to the 2σ age un
certainty) based on mean vertical accretion rates (Sanborn et al., 2020). 
For comparison to other valuable geochemical proxies for water quality, 
rare earth element and yttrium (REE + Y) data from corals and micro
bialites (Salas-Saavedra, 2019; Salas-Saavedra et al., 2022) from the 
same OTR reef cores, in combination with measurements from the 
nearby (~7 km away) Heron Reef, were included. 

3. Results 

A distinct peak in skeletal δ15N of Porites and acroporids from OTR is 
evident between 8 and 7 ka (Fig. 2A; Table 1). This enhancement is 
clearly demonstrated in the patch reef and windward margin samples, 
with the highest value of 9.57 ± 0.37‰ measured in a patch reef Porites 
with an age of 7.60 ± 0.03 ka. The leeward margin samples have a peak 
value of 8.36 ± 0.44‰ slightly later at 6.78 ± 0.06 ka. 

This is consistent with trends and values of the measurements be
tween the different coral genera (Porites, Acropora and Isopora). Com
parisons between time bins (Fig. 2B) show: (1) 7.04 ± 0.82‰ average 
value for all samples younger than 7 ka (n = 11), (2) 8.45 ± 0.89‰ 
average value for all samples between 8 and 7 ka (n = 8), and (3) and 
6.93 ± 0.32‰ average value for samples older than 8 ka (n = 3). A One 

Table 1 
Averaged δ15N and Ba/Ca OTR coral results with paired age data.  

Sample Reef setting Coral genus Averaged δ15N ‰ (1σ error)a Ba/Ca μmol/mol (1σ error) Age ka BP (2σ error) Source for ageb 

OTI_Modern Patch reef Porites 6.88 (0.23)  0 N/A 
OTI_3_8_D Leeward Acropora 6.38 (0.44)  1.73 (0.42) c 2 
OTI_8_2_2 Patch reef Porites 5.82 (0.25) 11.9 (0.02) 3.40 (0.01) 1 
OTI_18_2_2 Windward Acropora 7.34 (0.56) 19.3 (0.04) 6.04 (0.02) 1 
OTI_8_7_2 Patch reef Porites 5.71 (0.38) 13.3 (0.03) 6.22 (0.02) 1 
OTI_8_7_2_R2 Patch reef Porites 7.69 (0.22)  6.22 (0.02) 1 
OTI_13_1_4 Patch reef Acropora 7.13 (0.34) 5.99 (0.01) 6.23 (0.01) 1 
OTI_13_2_3 Patch reef Isopora 7.47 (0.61)  6.34 (0.02) 1 
OTI_6_5_B Patch Reef Porites 6.97 (0.68) 2.17 (0.01) 6.43 (0.87) 2 
OTI_15_1_3 Leeward Acropora 8.36 (0.44)  6.78 (0.06) 1 
OTI_15_3_2 Leeward Acropora 7.72 (0.37)  6.98 (0.03) 1 
OTI_13_5_2 Patch reef Acropora 7.55 (0.37)  7.21 (0.02) 1 
OTI_18_5_4 Windward Acropora 9.03 (0.84) 5.59 (0.01) 7.31 (0.03) 1 
OTI_13_6_4 Patch reef Acropora 7.73 (0.58)  7.39 (0.02) 1 
OTI_8_8_3 Patch reef Porites 9.57 (0.37) 5.61 (0.01) 7.60 (0.03) 1 
OTI_18_7_3 Windward Acropora 8.98 (0.39) 7.72 (0.01) 7.73 (0.09) 1 
OTI_15_6_2 Leeward Acropora 7.07 (0.19)  7.90 (0.04) 1 
OTI_13_7_2 Patch Reef Acropora 8.53 (0.47) 7.79 (0.01) 7.91 (0.03) 1 
OTI_6_10_B Patch Reef Porites 9.14 (0.48) 8.24 (0.01) 7.95 (0.80) c 2 
OTI_6_10_E Patch Reef Porites 7.29 (0.34) 3.14 (0.01) 8.15 (0.17) c 3 
OTI_13_8_2 Patch reef Isopora 6.84 (0.51) 6.16 (0.01) 8.17 (0.02) 1 
OTI_15_7_3 Leeward Acropora 6.65 (0.34)  8.22 (0.05) 1  

a Average of two sets of triplicate sample measurements. 
b (1) Sanborn et al. (2020); (2) Davies and Hopley (1983); (3) Dechnik et al. (2015). 
c Exact piece not dated; age and error from an adjacent piece is reported, and we estimate an additional conservative age error of 60 yrs based on mean vertical 

accretion rates (Sanborn et al., 2020). 
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Way ANOVA test shows that the 8 to 7 ka time bin average is signifi
cantly different (higher) than the average values from the other two time 
bins before and after (F statistic = 8; p = 0.003), while the averages of 
the <7 ka and >8 ka bins are indistinguishable. The highest Ba/Ca value 
of 19.3 ± 0.04 μmol/mol was measured in an Acropora with an age of 
6.04 ± 0.02 ka (Fig. 3). Three Ba/Ca measurements over 10 μmol/mol 
were measured on corals between 3.40 ± 0.01 ka and 6.22 ± 0.02 ka. A 
second lower peak of 8.24 ± 0.01 μmol/mol occurs at 7.95 ± 0.80 ka. 

4. Discussion 

These data represent the first reconstructed centennial-millennial- 
scale coal record of Holocene δ15N in the GBR. It shows significantly 

Fig. 2. (A) The δ15N measurements from all OTR Holocene corals, with each 
point representing an average value of the six measurements per coral colony 
(triplicate runs of two samples) with standard deviation plotted as the vertical 
error. Coral samples are colored by reef setting, and genera showed by shape. 
Horizontal 2σ age errors are shown. (B) Box and whisker plot for the averaged 
δ15N values for One Tree coral samples in time bins, showing the interquartile 
ranges (i.e., Q1, median and Q3) for each group, and the highest and lowest 
values indicated by the whiskers. 

Fig. 3. Compiled datasets of Holocene reef growth and environment with the 
8− 7 ka time band shaded in green. (A) Dominant coral reef assemblage iden
tified on OTR over time from Sanborn et al. (2020) with predominantly 
branching Acroporidae (red, branching coral symbols) <7 ka and >8 ka, and 
predominantly (sub)massive or encrusting Poritidae and Merulinidae (green, 
massive coral symbol) 8-7 ka. (B) Binned average OTR vertical accretion rates 
during <7 ka (5.2 mm/yr), 8− 7 ka (3.3 mm/yr), and >8 ka (6.4 mm/yr) from 
Sanborn et al. (2020). (C) Paleowater depth represented by the offset between 
dated coral depth and sea level (Sanborn et al., 2020) using (D) eastern 
Australia sea level best estimate (Sloss et al., 2007; Lewis et al., 2013). (E) New 
δ15N and Ba/Ca measurements from all OTR corals (average values of the 
triplicate runs of two samples per coral colony) with standard deviation vertical 
errors, plotted against age with 2σ horizontal age errors (this study). * marks 
measurements beyond plotted axis. Below, concentration plots of REE + Y 
proxies from Salas-Saavedra (2019) and Salas-Saavedra et al. (2022) from One 
Tree and Heron reefs with dashed lines as average value for each proxy. Y/Ho 
ratios from (F) microbialite and (G) coral show relatively low values in the early 
Holocene. Higher normalized Nd/Yb ratios (lower bars) from (H) microbialites 
and (I) corals indicate reduced light REE depletion until ~7.5 ka. Both signify 
increased influence of terrigenous mud. 
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elevated δ15N values between 8 and 7 ka using OTR coral data from a 
variety of reef settings and multiple coral genera (Fig. 3). The δ15N of 
coral tissue, and subsequently the δ15N of N in the coral’s skeletal 
organic matrix, can vary as a response to both the availability and source 
of N to the reef system. As in the modern GBR, the dominant sources of N 
to the Holocene reefs were likely to be N2 fixation, upwelling, and 
terrestrial discharge (Erler et al., 2016, 2020; Wang et al., 2016). Ni
trogen fixation lowers the δ15N of the oceanic N pool and therefore can 
be ruled out as the driving influence on increasing skeletal δ15N after the 
transgression. Upwelling can deliver N to shallow coral reefs with an 
isotope value similar to the deep ocean (~6.5‰; Yoshikawa et al., 
2015); this would result in a maximum coral δ15N of 8.5‰, accounting 
for the ~2‰ fractionation of δ15N between corals and their N source 
(Wang et al., 2016). However coral and microbialite REE + Y data 
(Salas-Saavedra, 2019; Salas-Saavedra et al., 2022) from both One Tree 
and Heron reefs (Fig. 3F–I) shows evidence for terrestrially-influenced 
early Holocene water quality rather than an influence from upwelling. 
Compared to average Holocene values, there were reduced Y/Ho ratios 
until 7 ka (Fig. 3F and G) and reduced light REE depletion shown by 
higher normalized Nd/Yb ratios until ~7.5 ka (Fig. 3H and I). These 
suggest an increased influence of terrigenous mud on the regional 
seawater composition (Saha et al., 2016, 2019; Salas-Saavedra, 2019; 
Salas-Saavedra et al., 2022). 

A coral record from the inner-mid-shelf region of the GBR indicates 
that prior to European settlement, Ba/Ca values > 6 μmol/mol record 
high suspended sediment caused by Burdekin River flooding (McCulloch 
et al., 2003). The elevated values of >7 μmol/mol between 7.73 ± 0.09 
and 7.95 ± 0.80 ka support the hypothesis of increased terrigenous in
puts during this time, consistent with the elevated δ15N (Fig. 3E). The 
elevated values of >10 μmol/mol between 3.40 ± 0.01 and 6.22 ± 0.02 
ka indicate high suspended sediment loads after sea level stabilized, 
which is not similarly reflected by elevated δ15N values. 

The elevated δ15N values between 8 and 7 ka (Fig. 3E) also correlate 
with several other variations in environmental parameters and reef 
growth (Fig. 3). During this time, there are predominantly (sub)massive 
or encrusting Poritidae and Merulinidae recorded in the OTR cores, and 
fewer shallow branching Acroporidae, which are prevalent earlier than 
8 ka and after 7 ka (Fig. 3A). The reef cores also record the slowest 
average vertical accretion rate (~3 mm/yr) between 8 and 7 ka, which is 
2–3 mm/yr slower than earlier or later time periods up until the reefs 
had occupied available accommodation (Fig. 3B). Furthermore, reef 
growth between 8 and 7 ka occurs in deeper water (5–14 m deep), 
measured by the offset between the best RSL estimate (Fig. 3D) and the 
depth of coral growth as reported in the new OTR cores (Fig. 3C; San
born et al., 2020). This was also a time of rapid RSL rise (~6− 7 m/ka), 
and once stabilized after ~7 ka (Sloss et al., 2007; Lewis et al., 2013), the 
reef evidently both “caught up” and “cleaned up”, resulting in the more 
rapid (5 mm/yr) vertical accretion of shallow reef communities, which 
coincided with decreased δ15N values. Thus, geochemical evidence from 
two independent proxies in coral and coral-associated microbialites 
support a strong terrestrial influence on the coral δ15N signature be
tween 8 and 7 ka. However, it is acknowledged that substantial muds 
were not visibly preserved within this core interval, which might be 
expected in a very turbid environment. 

Terrestrial fixed N has a highly dynamic δ15N range depending on its 
source and exposure to microbial processing. Forested soils from the 
GBR catchment have a δ15N of 6.6 ± 0.97‰ (Bahadori et al., 2019), 
however microbial processing of this N can increase the δ15N markedly 
(12‰ or greater; Marion et al., 2021). Erler et al. (2015) provided evi
dence that deeper soil layers, which are likely to have higher δ15N 
(Hobbie and Ouimette, 2009), were being discharged to the modern 
coastal GBR, with values of up to 9.5‰ in terrestrial humic material 
recovered from coral skeleton in the inshore GBR (Magnetic Island). We 
propose that the increase in δ15N from 8 ka to 7 ka represents the 
increasing exposure to deeper layers of terrestrial organic matter on the 
flooding continental shelf. In this model, the majority of the sediment 

flux to the GBR would have been transported during the transgression 
prior to 8 ka, and the δ15N of this N would represent surface organic 
matter with a δ15N similar to forested soils (6.66‰). High sediment flux 
caused by increased rainfall and runoff (Bostock et al., 2009; Denniston 
et al., 2013) would eventually transport N from deeper soil horizons 
with an elevated δ15N to the coastal reefs. This response is consistent 
with measured δ15N from modern corals; on the southern GBR between 
1965 and 2005, the mean skeletal δ15N for coral from a reef 5 km off 
shore (Round Top Island) was 8.15 ± 1.29‰, while coral from a nearby 
reef 32 km offshore (Keswick Island) had an average of 5.65 ± 2.67‰ 
during the same time interval, while also recording low-frequency 
extreme flood events with values of 12–16‰ (Marion et al., 2021). 
Therefore, the most likely mechanism for propagation of N to the reef 
would be from shelf flooding and subsequent fluvial flux, noting that an 
aeolian source would be unlikely during a relatively wet period (Sal
as-Saavedra et al., 2022). It is also possible that a shift to a higher energy 
wave climate occurred at ~8 ka, which may have triggered the 
reworking of Pleistocene sediments that were not previously disturbed 
by the initial flooding. A combination of these factors could have 
resulted in sustained low water quality and high turbidity over this time 
period. It is also noted that elevated δ15N could be from dissolved N in 
the water column (i.e. released from mineralised sediments settled on 
the shelf), and not necessarily directly from terrestrial sediment on the 
reef (Brodie et al., 2012). 

The idea that terrestrial N discharge led to increased coral δ15N 
during the sea level transgression cannot explain why δ15N decreases to 
around 7‰ after 7 ka, when sea level had stabilized. One would expect 
that terrestrial runoff would continue to supply N to the coastal region 
over this period. There are a number of explanations for this. First, OTR 
became increasingly isolated from terrestrial discharge as sea level rose, 
and therefore was more likely to be impacted by upwelling. This was 
accompanied by generally decreasing rainfall, river discharge, and 
terrestrial runoff in this period (Donders et al., 2007; Denniston et al., 
2013). In addition, continental shelf flooding is associated with 
increased denitrification which preferentially removes N from the sys
tem and leads to greater N2 fixation (Ren et al., 2017). This has the effect 
of lowering δ15N. An alternative explanation for increased δ15N between 
8 and 7 ka is that greater nutrient availability upstream of OTR resulted 
in the isotopic fractionation of the water column N pool during trans
port. In this case the instantaneous product of N assimilation (Hayes, 
1983) would be enriched relative to the source. However, this is unlikely 
to be from the Fitzroy River, which is the major source for terrigenous 
material discharge to OTR and the Capricorn Group (Bostock et al., 
2009). However, following the highstand most Fitzroy River sediment 
may have been retained inshore or deflected northward by currents 
away from the reefs farther offshore (Ryan et al., 2007). Hence bulk 
water quality may have cleaned up offshore. 

Our data clearly demonstrate the capacity of coral reefs to develop 
and grow under conditions that would otherwise appear unfavorable 
(Fig. 3). OTR water quality during the Holocene between 8 and 7 ka was 
turbid and with high concentrations of nutrients, yet coral reef growth 
was substantial and active. The same holds true for modern corals in 
inshore environments, which can display very high percent coverage 
(Morgan et al., 2016) despite exposure to high turbidity and episodic 
nutrient discharge. Although believed to be reefs operating at their 
environmental thresholds, it has been shown that turbid GBR reefs have 
an average Holocene accretion rate of 2–7 mm/yr, similar to clear-water 
reefs (Browne et al., 2012). However, the comparatively low rate of 
vertical accretion rate at OTR between 8 and 7 ka (3.3 mm/yr) clearly 
suggests that conditions were less favorable compared growth at other 
times in the Holocene. The shift in communities also indicates condi
tions were not suitable for fast growing species requiring clear water. If 
RSL were to have continued rising and poor water quality conditions 
continued beyond the reef’s thresholds, it is possible that these condi
tions could have led to reef drowning, as observed in the Last Glacial 
Maximum (LGM) to deglacial shelf-edge reefs (Webster et al., 2018). 
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5. Conclusions 

We show for the first time a temporal correlation between multiple 
independent datasets indicating higher terrestrial input to OTR between 
8 and 7 ka compared to other time periods. These include: (1) elevated 
δ15N and Ba/Ca values, pointing to increased terrestrially-sourced 
nutrient levels on the reef; (2) increased terrestrial influence on early 
Holocene water quality evident from REE + Y measurements from both 
corals and microbialites on the southern GBR; and (3) reef core data 
indicating slower, deeper growth of more sediment and turbidity 
tolerant coral reef communities. These independent lines of evidence 
provide valuable information for understanding environmental controls 
on the Holocene initiation of the southern GBR and demonstrates the 
capacity of the GBR to grow under conditions that would typically be 
considered adverse. 
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