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Supplementary Study Site Information
Maules Creek
Middle Creek flows into Horsearm Creek approximately 4.5 km downstream from the BH18-2 and BH19-2 sampling sites (Fig. 1). Horsearm Creek drains into Maules Creek another 4.5 km downstream, and eventually joining Namoi River approximately 10 km south-west of the Horsearm Creek – Maules Creek intersection. Middle Creek, Horsearm Creek and Maules Creek all drain the Tertiary volcanic Nandewar Range and Mt Kaputar to the northeast (Andersen and Acworth, 2009). Two bore samples were taken at the Middle Creek site (BH18-2 and BH19-2, see Fig. S.1 for locations) however the creek is intermittent (Rau et al., 2017) and was dry at the time of sampling, so no surface water sample could be taken. During floods, Cuthbert et al. (2016) have shown that the creek recharges the bores, as illustrated by Fig. S.2.
[bookmark: _Hlk14245623]Six samples were also taken at Elfin Crossing where Maules Creek and Horsearm Creek intersect (five groundwater samples and one surface water sample). Elfin Crossing is located approximately 9 km downstream from BH18-2 and BH19-2. Groundwater samples at Elfin Crossing include EC6, EC7 and EC3 which are located < 15 m from the stream at depths of 4.55 m below ground surface (bgs), 1.90 m bgs and 3.11 m bgs respectively. EC31 (located approximately 30 m from the stream at a depth of 12.32 m bgs) and BH12-4 (located approximately 50 m from the stream at a depth of 40.70 m bgs) were also sampled (Fig. S.1). Sites EC3, EC6 and EC7 are located within the hyporheic zone of Maules Creek and receive surface water recharge in close response to changes in Maules Creek stream levels (Fig. S.2). Water levels in EC31 and BH12-4 respond to large flood events in the creek, but the bore screens intersect regional groundwater rather than recharged surface water (Fig. S.3). 
[bookmark: _Hlk14246670][bookmark: _Hlk14246797][bookmark: _Hlk14246579]The Bureau of Meteorology (BoM) maintains a weather station at Mount Kaputar (Fig. S.1), which has been collecting rainfall data since 2001. As the weather station is located upstream of the sampling sites, this rainfall data is useful in understanding stream recharge in the sampling areas (Fig. S.2 and Fig. S.3). However, as the Mount Kaputar weather station is located at an elevation of 1,450 m, it is unlikely to represent the climatic conditions at the sampling sites, which are located at elevations of between approximately 250 m and 300 m. Until 2012, BoM maintained a monitoring site at Narrabri Bowling Club, approximately 35 km to the north-west of the sampling sites (station number 054120, Lat: 30.32 °S, Long: 149.78 °E, elevation 213 m). This data contains long-term climate monitoring data (1870 – 2012), which has been used to discuss temperature and rainfall variations in Section 2.1 (http://www.bom.gov.au/climate/averages/tables/cw_054120_All.shtml). The closest daily evaporation data is from a BoM weather station at Inverell, NSW, located approximately 125 km to the north-east of Maules Creek at Inverell Research Centre (station number 056018, Lat: 29.78° S, Long: 151.08 °E, elevation 664 m), therefore evaporation rates presented are based on data from the Inverell Research Centre weather station (http://www.bom.gov.au/climate/averages/tables/cw_056018_All.shtml).
The upper part of the Maules Creek catchment is dominated by pasture and forest, with the majority of the native vegetation being riparian at the sampling sites. Research has shown that riparian vegetation located at Maules Creek (such as at Elfin Crossing) utilise water stores in the soil and hyporheic zone during wet seasons, and deeper groundwater during dry seasons (Pettit & Froend, 2018). The vegetation in the area consists of the endangered ecological community White Box-Yellow Box-Blakely’s Red Gum Grassy Woodland, which is predominantly comprised of eucalypts and native grasslands. 
Wellington
Samples from the Wellington Caves Complex included groundwater intercepted at the end of Cathedral Cave (“The Well”, approximately 30 m bgs), a bore situated in river alluvium (BH1) which intercepts groundwater at 11 m bgs (Keshavarzi et al., 2017), and a surface water sample from Bell River. Groundwater levels logged from September 2010 (Keshavarzi et al., 2017) shows that Bell River generally recharges the groundwater at BH1 and The Well when flowing (see also Fig. S.5).
Samples were also taken from the UNSW Wellington Research Station site. These samples included adjacent Macquarie River surface water, and bores in unconsolidated alluvium (WRS03, WRS05 and WRS08). The bores are located within a larger transect of bores perpendicular to Macquarie River. WRS03 is located 24 m from the river at a depth of 9.01 m bgs, WRS05 is located 132 m from the river at a depth of 18.08 m bgs, and WRS08 is located 326 m from the river (Fig. S.4) at a depth of 31.41 m bgs.  
[bookmark: _Hlk14247621]The BoM maintains a weather station located just south of Wellington residential area (station number 065034, Lat: 32.56° S, Long: 148.95° E, elevation 305 m, http://www.bom.gov.au/climate/averages/tables/cw_065034_All.shtml). The weather station is located approximately 6.5 km north north-east of the Wellington Caves Complex, and approximately 3.5 km west north-west of the Wellington Research Station (see figure S.4). This data was used to characterise the climate at Wellington in Section 2.2. Precipitation data from the BoM site is overlain with precipitation data collected at an Australian National Collaborative Research Infrastructure Strategy (NCRIS) weather station located near Wellington Caves (“Hill Weather Station”) in Fig. S.5. In the 5 months prior to sampling at Wellington (between April – August 2017), average monthly precipitation rates were low (16.2 mm, σ = 12.0 mm) compared to the long-term average (1881-2019, BoM station 065034) for these months (48.0 mm, σ = 2.42 mm, see also Fig. S.5 and Fig. S.6). 
Burrendong Dam, located upstream from the Wellington Research Station site, controls Macquarie River water levels at the UNSW Wellington Research Station site. Data shows recent river recharge at Macquarie River due to dam releases prior to sampling (Fig. S.6). There is a long-term trend of recharge from Macquarie River to the bores within 60 m from the river, whilst bores further away such as WRS05 (132 m from Macquarie River) are only recharged from the river during large flood events (Graham et al., 2015). Dam release data into Macquarie River (Burrendong Dam) upstream from the Wellington Research Station sampling site are held by WaterNSW (site no: 421078, https://realtimedata.waternsw.com.au). In 2017, average dam releases were 1,488 megalitres (ML) / day (median = 1,197 minimum = 12 ML, maximum = 5198 ML, σ = 1,450). The volume of dam releases in days prior to sampling (August 5 – 14, 2017) totalled 15,171 ML indicating recent Macquarie River recharge at the Wellington Research Station prior to sampling.
The predominant vegetation at both sampling areas in Wellington is C3 Grassy Box Woodland (Cuthbert et al, 2014) however Callitiris pines, Agave Americana and Bidens pilosa are also present above the Cathedral Cave. 
Anna Bay
Samples were obtained at various depths (shallow (S), medium (M) and deep (D)) from three multi-level monitoring bores located in the dunes of Samurai Beach at Anna Bay (S1, S2 and S4, Fig. S.7). Five sets of nested monitoring bores (S1, S2, S3, S4 and S5) located in the dunes between 12 m to 395 m from the wetland edge have previously been thoroughly analysed for tritium (3H), stable carbon isotopes (𝛿12C and 𝛿13C), radiocarbon (14C) of dissolved inorganic carbon (DIC) and geochemistry in order to understand the water and carbon inputs into the system (Meredith et al., 2019). The S1 site piezometers are a nested site located 10 – 13 m from the wetland. Sample S1_S represents a sample taken from a well at site S1 with a depth of 3.5 m bgs. S1_M was taken from a screen depth of 12.5 m bgs. S1_D was taken from a screen depth of 16.9 m bgs. Site S2_D is from site S2 at a depth of 17.3 m bgs and is located 93 m from the wetland edge. S4_S is from site S4 at a depth of 4.64 m bgs located 311 m from the wetland edge. Samples were also taken adjacent to three multi-level samplers (MLSs) in the wetland system located behind the dunes (MLSA, MLSB, MLSD which were taken from depths of 0.40 m, 1.00 m and 1.15 m respectively). These MLSs are located at 0 m, 1.5 m and 3 m from the wetland edge respectively. 
[bookmark: _Hlk520287039]The BoM maintains weather stations located at Fingal Bay, NSW, approximately 4 km north east of the study site (station number 061411; Lat: 32.75 °S, Long: 152.16 °E, elevation 8 m), at Nelson Bay, NSW approximately 6.5 km north east of the study site (station number 061054; Lat: 32.71 °S, Long: 152.16 °E, elevation 25 m) and at Williamtown RAAF, NSW, approximately 26 km west of the study site (station number 061078; Lat: 32.79° S, Long: 151.84° E, elevation 7.5 m) which are shown in Fig. S.7. Climate data at station number 061054 is long-term (1881 - 2019) compared to station number 061411 (2007 – 2019), therefore data from station number 061054 has been used to characterise the Anna Bay climate (rainfall and temperature) in the manuscript. Average evaporation data is based on Williamtown RAAF (BoM station 061078 between 1974 - 2016). In the 8-month period preceding sampling (July 2017 to February 2018), data from Nelson bay station number 061054 shows that rainfall rates were uncharacteristically low for the site with average monthly rainfall rates of 55.4 mm (σ = 33.7 mm) compared to the long-term average of 98.7 mm (σ = 155.2 mm) for the months of July to February.
Accounting for Seasonal Variability in Samples
Bore sampling sites were selected to account for a range of aquifer depths, flow paths and recharge mechanisms in order to reflect different DOC sources, ages and processing. However, temporal variability such as seasonal variability or differences in recent recharge quantities between sites may also lead to difference in DOC quality and quantity. Deeper sites and sites distal from recharge sources will tend to be less affected by seasonal variability or episodic events and will reflect longer term average conditions. DOC at shallower sites on the other hand is likely to be more temporally variable, and in particular vary with recharge events. Research investigating minimum monthly rainfall rates required to recharge groundwater in NSW suggest that between 100 mm - 150 mm of precipitation are required within a one-month period for groundwater to be recharged (Hollins et al. 2018). Data from BoM station number 54038 shows that this threshold was surpassed for Maules Creek prior to the time of sampling (total precipitation = 333 mm in the 30 days prior to sampling), whilst Wellington (station number 65034) and Anna Bay (station number 61054) had not met this threshold for 4 months and 3 months prior to sampling, respectively (total precipitation of 32 mm and 26 mm respectively in the 30 days prior to sampling). As the aged DOM end-member samples at Maules Creek shown on Fig. 4 of the main manuscript (EC31 and BH12-4) are from regional groundwaters with low 3H levels, (1.01 and 0.45 TU respectively), this suggests there is no significant input of recent rainfall into these samples. While the shallower groundwater samples at Elfin Crossing are recently recharged, evident by the high 3H content (> 1.5 TU), Fig. 4 of the manuscript shows that Elfin Crossing surface and groundwater samples trend towards the stable by-product DOM end-member. This is due to fact that the surface water in the creek at the time of sampling consists entirely of groundwater discharged 500-1000 m upstream of Elfin Crossing (Andersen and Acworth, 2009). DOM in these samples are therefore marginally impacted by leaching of surface DOM into groundwater by the recent rainfall. We anticipate that potential changes in the character of DOM in the samples throughout the year due to seasonal impacts may cause some variability in where the samples lie along the two relevant end-members for that site (particularly those influenced by the young terrestrial DOM end-member), but would not ultimately change the interpretation of the PCA in Fig. 4.
[bookmark: _Toc12623563]Water Sources
Major water sources at each site are shown in Table S.4. Water samples were categorised as either surface water or groundwater, and further categorised based on interpreted sources: local diffuse recharge, focused recharge (from surface water) and regional groundwater. These categories have been assigned based on previous research, hydrographs, isotopes, and EC data, further confirmed with cluster analysis based on the most abundant dissolved inorganic ions and field data (Fig. S.10). For the regional groundwater category, the mechanism of recharge was not able to be determined due to age and site geometry; therefore, we interpret the site of recharge to be distal from the site of sampling. 
The water types at all sites are predominantly calcium bicarbonate (CaHCO3); however samples obtained at depth from Anna Bay report sodium chloride (NaCl, S2_D), and mixed CaNaHCO3 (S1_D) water types (Piper, 1944). Maules Creek samples also trend towards a CaNaHCO3 type (Fig. S.9). Tritium results ranged from 0.45 to 2.79 
TU with the lowest (i.e. oldest) value found in deep regional groundwater at Maules Creek (BH12-4), and the highest (i.e. youngest) values identified at Macquarie River in Wellington.
[bookmark: _Hlk24707156]End-member Sample Water and DOM sources
Young Terrestrial Surface DOM 
The end-member samples for the young groundwater component are all comprised of shallow (< 1 m depth) groundwater samples or surface water samples. The two shallow MLS groundwater samples shown in Fig. 4 have lower values for 3H (1.56 – 1.58) than the Macquarie River and Bell River samples that they cluster with. The sand dunes at Samurai Beach are highly porous, with groundwater levels heavily influenced by rainfall events (Fig. S.8) so it is likely that these samples contain a mix of old and young (rain or wetland) water sources. The 14CDOC results however show that the DOM at these sites is very young (> 95 pMC). Young DOM at Anna Bay is significantly associated with aliphatic and less aromatic compounds (Fig. 3). The PCA in Fig. 4 also shows that these samples cluster with the surface water samples at Wellington but not the Elfin Crossing surface water sample at Maules Creek since Elfin Crossing surface water is exclusively groundwater which reaches the surface at a spring upstream from the sampling site. The proximity of the MLS samples shown in Fig. 4 to the wetland is ≤ 1m suggesting the wetland is the most likely source of DOM in these samples. 
Aged Peat DOM
The end member for the “aged peat DOM source” at Anna Bay is sample S4_S. 3H results show this sample contains young water but contains the oldest DOC of all the Anna Bay samples. This indicates recharge by rainfall without any mixing of older groundwater, and the aged DOC likely leached from peat at the site (Meredith et al., 2019). This is supported by the Spearman correlation shown in Fig. 3 which shows that aged DOM compounds at Anna Bay are significantly correlated with condensed aromatic and polyphenolics which other studies have also shown are associated DOM in stream water draining peatland areas (Broder et al. 2018). 
Aged Stable By-product DOM
The “aged stable DOM by-product” DOM end-members shown in Fig. 4 include EC31 and BH12-4 at Maules Creek. These two samples contain the oldest 14CDOC (pMC) values (72.91 and 75.22 pMC respectively) of all the samples. BH12-4 has the lowest 3H value of all of the sites (0.45 TU), with the screen situated beneath a ~2 m clay aquitard. The 3H at EC31 is slightly higher at 1.01 TU suggesting this sample may be mixed with some younger water, however the TU are much lower than the bores shown to be influenced by the river (EC3, EC6 and EC7) and Fig. S.3 shows that EC31 is only recharged from Elfin Crossing surface water during large flood events. Since Elfin Crossing surface water is groundwater-derived, it is probably already processed by sorption, biodegradation and photodegradation (as indicated by its placement in Fig. 4). This suggests that DOM derived solely from the older deep regional groundwater at Elfin Crossing (BH12-4), and DOM derived from a mix of older regional groundwaters and younger Elfin Crossing surface waters would both be highly processed. This is supported by the Spearman correlation in Fig. 3 which shows that aged DOM is significantly correlated with compounds in the highly unsaturated and phenolic groups which contains the stable carboxylic rich alicyclic (CRAM) compounds identified by other studies such as Lechtenfeld et al (2014).
Supplementary Materials and Methods
[bookmark: _Hlk25242353][bookmark: _Hlk24361020][bookmark: _Hlk24038180][bookmark: _Hlk25241776]Inorganic anions (60 ml), 3H (1 L) and 14CDIC (1 L) samples were collected in high density poly-ethylene (HDPE) bottles after filtration. Samples for ion chromatography (IC) and flow-injection analysis spectrophotometry (FIA) (60 ml), total DOC (60 ml) and LC-OCD (60 ml) samples were collected in 60 ml polyethylene FalconTM tubes with no headspace and refrigerated. Samples for 𝛿13CDIC were collected in 13 ml glass vials and refrigerated after sampling. Samples for 𝛿13CDOC and 14CDOC were collected in acid washed 60 ml HDPE and 1 L Nalgene bottles respectively and frozen after sampling. Samples for cation analysis were collected in 30 ml acid washed polyethylene vials after filtration, acidified using 65% Suprapur® nitric acid and refrigerated. Samples for stable isotopes were collected in 28 ml McCartney glass bottles with no headspace and refrigerated. Samples to be extracted using SPE and then analysed by FT-ICR MS were collected in 100 ml HDPE bottles after filtration in the field and kept frozen. All DOM and DOC samples were stored airtight and refrigerated or frozen as appropriate to prevent redox conditions from changing. Frozen samples were only defrosted immediately prior to analysis. During storage samples were stored in refrigerators or freezers. During transport, samples were kept out of sunlight in ice boxes and kept cool using freezer blocks to minimise any chance of photodegradation or biodegradation.
Radiocarbon Analyses
Samples were pre-treated for 14CDIC by acidifying DIC to CO2. The sample CO2 was then sealed into quartz tubes containing copper oxide (CuO), silver wire and copper wire and heated at 900 °C. CO2 was then cryogenically purified before being converted to graphite with excess hydrogen gas in the presence of an iron catalyst at 900 °C. The graphite was analysed by accelerator mass spectrometry (AMS) at ANSTO’s AMS facility (Fink et al., 2004). 
[bookmark: _Hlk25241461]14CDOC samples were measured on bulk DOC as research shows that Δ14C of SPE DOM analysed by FT-ICR MS reflect bulk DOM values (Flerus et al., 2012; Kellerman et al., 2018) with research showing no significant differences in 14CDOC pMC values between PPL extract, after hydrolysis of residual ester bound methanol, and bulk DOM (Benk et al., 2019). Samples for 14CDOC analysis were defrosted overnight prior to pre-treatment. Samples were then acidified to pH < 2 and rotary evaporated on low heat (70 ⁰C) in acid washed glass evaporation flasks until 95% of the sample was evaporated. The remaining water was then transferred into a beaker and placed on a hotplate (70 °C) until the water was completely evaporated. The sample residue was then added to a tube containing CuO, silver wire and copper wire, baked at 900 °C for two hours, cryogenically isolated and graphitised before analysis by AMS at ANSTO.
LC-OCD Analyses
[bookmark: _Hlk25241191]To ensure that the LC-OCD signal response for the chromatograms were within the calibrated range, some samples were diluted with ultrapure water prior to analysis with a maximum dilution factor of 6. A total organic carbon (TOC) analyser (Aurora 1030 wet oxidation TOC analyser, OI Analytical, College Station, TX, USA) was used to analyse for total DOC concentrations at the Mark Wainwright Analytical Centre at UNSW in order to compare with DOC concentrations obtained through LC-OCD. After acidification and sparging of total inorganic carbon, TOC in a sample is measured by chemical oxidation of OC. Sodium carbonate, potassium hydrogen phthalate and sodium hydrogen carbonate salts were used as inorganic and organic carbon standards. The average difference in DOC concentration obtained by the TOC analyser and by LC-OCD for all samples used in this study (n = 65) was 0.36 mg C / L (σ = 0.64). The linear equation for the comparison of samples analysed by both techniques has a slope of 0.99, an intercept of -0.29 and an R2 of 0.96. 
FT-ICR MS Analyses
100 consecutive scans were coadded to obtain mass spectra, which was internally calibrated based seven homologous Ox classes based on the “walking calibration” equation (Savory et al., 2011). Based on published guidelines (Koch et al., 2007), molecular formulae were assigned to peaks with intensities > 6 σ the root mean squared baseline noise from mass to charge ratio of 125 - 1100 using PetroOrg©TM (Corilo, 2015). Molecular formulae assignments were assigned within the bounds of C1-45H1-92N0-4O1-25S0-2.
[bookmark: _Hlk25241935]Comparison of LC-OCD and FT-ICR MS Methods
[bookmark: _Hlk24034158][bookmark: _Hlk25241607]The LC-OCD results in this study represent DOC which has not been extracted prior to analysis. Hydrophobic compounds will be retained in the column and will not be analysed in the organic carbon detector. These compounds are here classified as hydrophobics. FT-ICR MS DOM  samples were extracted through PPL cartridges. DOM extraction efficiencies of PPL columns for a range of environments have been demonstrated at between approximately 43% and 62% (Dittmar et al., 2008; Bhatia et al., 2010). Shallow groundwater DOC samples extracted via PPL columns have been demonstrated to result in extraction efficiencies of ~50% (Benk et al., 2019). Bhatia et al. (2010) show that the mass spectral characteristics of duplicate samples with differing extraction efficiencies is nearly identical, indicating that extraction efficiencies between samples are highly unlikely to change the interpretation of FT-ICR MS results since SPE provides a conservative and unbiased view of DOM. PPL columns were selected for this study due to the higher extraction efficiency over other methods, and due to the fact that the carbon to nitrogen (C / N) ratios of solid phase extraction DOM have been shown to not significantly change compared to the bulk DOM whereas other sorbents such as C18 (60Å silica-based sorbent) result in higher C / N ratios after extraction and a preferential extraction of terrigenous components (Dittmar et al., 2008). Recent studies have shown that SPE by PPL columns may preferentially extract DOM within the ranges 0.5 < H / C < 1.0 and 0.6 < O / C < 0.8 (Raeke et al., 2016), suggesting that molecules within the polyphenolic and highly unsaturated and phenolic groups may be overrepresented. Research shows greater recovery and greater ionisation efficiency of polar molecules (Gao et al., 2019), suggesting that these compounds could be overrepresented in FT-ICR MS data. Weakly polar fractions retained on the cartridge are identified as larger molecular size, lipid-like compounds (Gao et al., 2019). SPE provides a conservative view of the molecular formulae present in a water sample, however it does so without bias from differing chemical environments. SPE selects a group of compounds, and negative electrospray ionization (ESI) selectively ionizes a significant fraction of those compounds, yielding information on a subset of DOM molecular formulae. Since the SPE and ESI are performed on each sample, with each sample containing a similar chemistry after elution with methanol, the resulting molecular formulae information is comparable between samples, and whilst FT-ICR MS does not provide results for every molecular formulae present in water, it can usefully compare the presence/absence and relative abundance of formulae within its analytical window between samples.
Compounds extracted from an SPE cartridge after elution have been analysed by LC-OCD by Chen et al. (2016) and the extracted amount was found to be a low proportion of the total BP fraction (1 - 9% extraction efficiency). A greater proportion of humic substances, building blocks and low molecular weight neutrals were extracted (extraction efficiencies of 18-43%, 12-52% and 8-62% respectively). These extraction efficiencies were obtained from riverine, reservoir and marine DOM samples. To the best of our knowledge there are no published comparisons of SPE extraction efficiencies using FT-ICR MS or LC-OCD on groundwater samples. 
[bookmark: _Hlk25389549][bookmark: _Hlk25389480]LC-OCD and FT-ICR MS should be considered to provide complementary information. While SEC using LC-OCD produces fractions that match retention time for chemical standards for biopolymers, humic substances etc, the exact chemical nature of these fractions may vary, so would not necessarily match the molecular mass and functional group data available from FT-ICR MS. Future work performing FT-ICR MS on chromatographic fractions from LC-OCD would be valuable to clarify the relationship between the two techniques.
Statistical Analyses
Spearman correlations were performed in RStudio using the corr package. Principal Component Analysis (PCA) was performed in base R. PCA supporting figures were generated using the ggplot2, factoextra, and corrplot packages. Data for cluster analysis were normalized by subtracting the mean of the variable and dividing by the standard deviation. Euclidian distances were calculated and the cluster dendogram generated using average linkages. Spearman correlations between 14CDOC (pMC) and molecular formulae in van Krevelen diagrams were generated using the Python package “fouriertransform” (Hemingway, 2017).

Supplementary Figures
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[bookmark: _Ref8990884][bookmark: _Toc12623460]Fig. S.1. A: Maules Creek site context with sample locations shown as red diamonds at Elfin Crossing (B), and Middle Creek Farm (C). Yellow circles indicate locations of additional bores used for hydrograph in Figure 3.5. X axis shows latitude, y axis shows longitude in Universal Transverse Mercator (UTM) coordinates (World Geodectic System 1984 (WGS84), Zone 56S).
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[bookmark: _Ref9436944][bookmark: _Toc12623463]Fig. S.2. A: Daily precipitation at Mt Kaputar (from the Australian Bureau of Meteorology, station number 54151). B: Middle Creek bore water level logger data (BH18-2 and BH19-2) and Middle Creek surface water level (NCRIS Groundwater Infrastructure Program). The data shows that there is a recharge response in BH18-2 and BH19-2 during Middle Creek flood events.

[image: ]
[bookmark: _Ref9437770][bookmark: _Ref9496240][bookmark: _Toc12623462]Fig. S.3. A: daily precipitation at Mt Kaputar (from the Australian Bureau of Meteorology, station number 54151). B: Elfin Crossing monitoring bore water level data (NCRIS groundwater Infrastructure Program) and Elfin Crossing surface water level (from Water N.S.W., station number 419051). Inset shows the water levels at the time of sampling. The data shows that the bores within 15 m of the creek (EC6 and EC3) are recharged by creek water. Bores beyond approximately 30 m from the creek edge (EC1, EC31 and BH13-1) are recharged only during large flood events. In contrast, BH12-4 is isolated from the creek alluvium by a 2 m clay aquitard and intersects regional groundwater at its screen (NB: no logger data available for BH12-4 or EC7). Locations of all bore water level data used in the hydrograph are shown in Fig S.1.
[bookmark: _Ref8987056][image: ]
[bookmark: _Ref9599341][bookmark: _Toc12623464]Fig. S.4. A: Wellington site context showing sampling sites, Bell River, Macquarie River, river flow directions, river gauge locations and Burrendong Dam. B: Wellington Caves sampling site showing sample locations. C: Wellington Research Station sampling site showing sampling locations. Easting and northings in UTM (WGS84, Zone 56S). 
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[bookmark: _Ref9498322][bookmark: _Toc12623466]Fig. S.5. A: Daily precipitation at Wellington Caves (from NCRIS Groundwater Infrastructure Program), at Hill Weather Station and Daily precipitation at Wellington town centre from Bureau of Meteorology (BoM, station number 65034). B: Wellington Caves water level data (The Well and BH1) and Bell River surface water level (black line, from Water NSW station number 421018) corrected to mAHD as per Keshavarzi et al. (2017). The data shows periods where the Bell River recharges BH1 and The Well. 
[image: ]
[bookmark: _Ref9507422][bookmark: _Toc12623468]Fig. S.6. A: daily precipitation at Wellington (Australian Bureau of Meteorology station number 065034). B: Macquarie River surface water level and Burrendong Dam releases (middle panel - blue line shows Macquarie River water level from WaterNSW station number 421003, red line shows upstream Burrendong Dam releases on secondary y axis from WaterNSW site number 421078). C: Wellington Research Station monitoring bore groundwater level data. The data shows that Macquarie River surface water levels are largely a result of Burrendong Dam releases upstream. There is a long-term trend of recharge from the Macquarie River in the bores within 60 m from the river (WRS01 and WRS02), whilst bores further away such as WRS05 (130 m from Macquarie River) are only recharged from the river during flood events. 
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[bookmark: _Ref8986474][bookmark: _Toc12623469]Fig. S.7. Anna Bay site context, Bureau of Meteorology (BoM) weather stations, wetland and sample locations at Samurai Beach.
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[bookmark: _Ref9503896][bookmark: _Toc12623471]Fig. S.8. Anna Bay groundwater level data and daily precipitation at Fingal Bay (from the Australian Bureau of Meteorology, station number 61411). The red dashed line indicates the date of sampling. The data shows a trend of water flow from the wetland to the ocean, however at low wetland surface water levels the flow between S1 and the wetland reverses. 
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[bookmark: _Ref8896767][bookmark: _Toc12623472]Fig. S.9. Piper diagram showing water types at each site. Surface water samples are shown as filled symbols.
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[bookmark: _Ref8896781][bookmark: _Toc12623473]Fig. S.10. Cluster analysis using field data, anion and cation data including DO, EC, pH, temperature, alkalinity, NO3, NO2, Ca, Fe, K, Mg, Mn, Na, Si, Sr, As, Al, Ba, P, Cr, Co, Cu, Zn, Cl, N, PO4 and SO4. Groupings show well chemistry is largely based on site and water source (surface, regional or diffuse recharge sources). This analysis shows three major groupings. Group 1 splits from groups 2 and 3 first, with the analysis showing that Group 3 is differentiated from the other two groups by higher Mg, Na, Sr, Ba, Cu, Zn, Cl, NO3 and higher SO4 than groups 2 and 3. Group 2 is then differentiated from Group 3 by higher K, Cr, Cu, Zn, SO4 and Al, and lower Mn, Na, Si, Sr, As, Ba, P, Co, NO3, and PO4.

[image: ]
[bookmark: _Ref8896800][bookmark: _Toc12623474]Fig. S.11. Stacked bar charts showing percent relative abundances (% RA) of each FT-ICR MS group and LC-OCD fraction at each site. Note: BP group at Anna Bay, condensed aromatics at Maules Creek and Wellington, and the sugar-like group at all sites not visible due to low % RA. 
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[bookmark: _Ref8896875][bookmark: _Toc12623476]Fig. S.12. Species accumulation curve showing number of unique molecular formulae with each added sample (all samples). The red dashed line indicates 95% of molecular formulae.
[image: ]
Fig. S.13. Van Krevelen diagram showing the decrease of low H / C and high O / C ratio DOM compounds from surface water (Macquarie River, shown in blue) along the flow path to the  nearby groundwater bore WRS03 (shown in yellow).

[image: ]
Fig. S.14. Scatterplots showing H / C vs groundwater bore screen depth in metres below ground surface (m bgs) at the semi-arid inland sites and the coastal sites (left) and O / C vs screen depth at the inland and coastal sites (right). Data shows a significant Spearman’s correlation between H/C and O/C with screen depth at the inland sites (both p < 0.01). There is a significant negative correlation between H/C and screen depth at the coastal site (p = 0.02), and no significant correlation between O/C and screen depth at the coastal site (p = 0.26). Density plots of H/C and O/C data shown on the upper borders. 
[bookmark: _Hlk25242853][image: ]
[bookmark: _Ref12278236][bookmark: _Toc19007751]Fig. S.15. Change in the diversity of DOM molecules (number of molecular formulae) over time (14CDOC (pMC)). The black line represents the line of best fit for all data (y = 469.26x – 69.13, n = 16, p = 0.04) 

Supplementary Tables
[bookmark: _Ref9427935][bookmark: _Toc12623498]Table S.1. Isotope, DOM characterisation, field data and inorganic ion results for Maules Creek samples. N/A indicates no result available for the sample. “< x” indicates a value less than the limit of detection. 
	Maules Creek

	
	BH
18-2
	BH
19-2
	BH
12-4
	EC31
	EC3
	EC6
	EC7
	Elfin Crossing Surface

	DOC conc. 
(mg C / L)
	1.24
	0.59
	0.68
	0.75
	1.12
	1.16
	1.11
	1.34

	 14CDOC (pMC)
	105.77
	NA
	75.22
	72.91
	102.04
	93.64
	NA
	90.44

	Δ14CDOC (‰)
	57.70
	NA
	-247.80
	-270.90
	20.40
	-63.60
	NA
	-95.60

	Tritium units (TU)
	0.76
	0.49
	0.45
	1.01
	1.74
	1.70
	1.63
	1.62

	𝛿13CDOC (‰)
	-25.50
	-23.20
	-24.00
	-24.20
	-36.10
	-25.60
	-32.90
	-26.60

	𝛿13CDIC (‰)
	-14.00
	-14.40
	-13.50
	-14.70
	-16.10
	-16.00
	-15.50
	-13.30

	14CDIC (pMC)
	93.72
	90.70
	61.91
	108.07
	104.20
	103.66
	103.91
	104.29

	14CDIC (pmc)
	95.85
	92.68
	63.38
	110.37
	106.11
	105.58
	105.94
	106.81

	𝛿2H (‰)
	-35.98
	-36.15
	-37.36
	-31.13
	-34.75
	-34.41
	-34.68
	-34.58

	𝛿18O (‰)
	-5.81
	-5.94
	-5.83
	-5.07
	-5.64
	-5.83
	-6.22
	-6.10

	Peptide-like 
(% RA)
	0.00
	0.12
	0.05
	0.08
	0.13
	0.06
	0.13
	0.02

	No. of unique formulae
	7444
	5645
	5220
	7407
	5927
	4247
	5401
	7450

	Sugars (% RA)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Condensed aromatics (% RA)
	0.74
	0.03
	0.04
	0.00
	0.16
	0.34
	0.10
	0.42

	Polyphenolic 
(% RA)
	5.37
	1.17
	1.07
	1.59
	2.53
	3.54
	2.30
	3.12

	Highly unsaturated and phenolic (% RA)
	92.70
	96.98
	96.62
	96.76
	95.86
	95.03
	96.23
	94.75

	Aliphatic (% RA)
	1.18
	1.69
	2.22
	1.57
	1.32
	1.02
	1.24
	1.69

	H/C ratio 
	1.15
	1.21
	1.25
	1.20
	1.18
	1.16
	1.18
	1.18

	O/C ratio
	0.51
	0.45
	0.45
	0.47
	0.50
	0.51
	0.50
	0.49

	DBE
	11.07
	10.54
	9.67
	10.75
	10.92
	10.94
	10.87
	10.90

	NOSC
	-0.07
	-0.24
	-0.30
	-0.20
	-0.13
	-0.09
	-0.13
	-0.13

	AImod
	0.32
	0.30
	0.29
	0.30
	0.30
	0.31
	0.30
	0.30

	HOC (% RA)
	21.40
	37.80
	32.40
	27.30
	25.30
	21.50
	18.20
	15.20

	BP (% RA)
	1.20
	0.00
	0.70
	0.00
	1.10
	0.00
	0.00
	7.20

	HS (% RA)
	43.50
	15.20
	13.00
	24.10
	44.60
	46.00
	38.30
	45.10

	BB (% RA)
	17.40
	11.00
	25.40
	11.00
	10.50
	13.60
	20.00
	7.10

	LMWN (% RA)
	16.50
	36.00
	28.50
	37.60
	18.60
	18.90
	23.40
	25.40

	Dissolved Oxygen 
(mg / L)
	0.27
	1.86
	0.17
	0.19
	0.16
	0.18
	0.14
	7.25

	Electrical Conductivity 
(µS / cm)
	537
	594
	410
	395
	350
	372
	326
	295

	pH
	6.52
	6.58
	6.83
	6.62
	6.88
	6.83
	6.82
	7.05

	Alkalinity 
(meq / L)
	4.27
	4.28
	3.30
	2.60
	2.79
	2.14
	2.63
	1.49

	N-NH4 (mg / L)
	<0.05
	0.01
	 NA
	<0.05
	0.15
	0.05
	0.13
	<0.05

	N-NO3 (mg / L)
	2.12
	1.70
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	Ca (mg / L)
	45.00
	43.80
	32.90
	37.00
	30.10
	32.20
	27.60
	24.90

	Fe (mg / L)
	<0.05
	<0.05
	<0.05
	<0.05
	1.78
	1.05
	2.79
	<0.05

	K (mg / L)
	2.56
	0.99
	1.92
	1.13
	1.75
	1.70
	1.73
	1.60

	Mg (mg / L)
	22.40
	21.20
	14.00
	14.90
	11.90
	12.70
	10.00
	9.20

	Mn (mg / L)
	20.00
	<0.2
	160.00
	10.00
	1370.00
	1580.00
	480.00
	40.00

	Na (mg / L)
	48.80
	74.60
	50.50
	31.00
	29.80
	32.30
	28.60
	26.50

	S (mg / L)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Si (mg / L)
	23.30
	34.00
	23.30
	23.90
	19.10
	20.10
	20.80
	19.10

	Sr (mg / L)
	0.51
	0.53
	0.38
	0.34
	0.29
	0.30
	0.27
	0.25

	As (µg / L)
	0.35
	0.52
	0.61
	0.83
	4.39
	3.75
	4.32
	0.92

	Al (µg / L)
	1.09
	1.64
	1.31
	2.07
	2.96
	1.74
	1.39
	2.36

	Ba (µg / L)
	56.10
	84.00
	72.30
	17.60
	42.10
	48.50
	34.80
	19.10

	P (µg / L)
	149.00
	153.00
	144.00
	101.00
	493.00
	370.00
	386.00
	100.00

	Cr (µg / L)
	0.14
	0.16
	0.09
	0.06
	0.09
	0.09
	0.11
	0.09

	Co (µg / L)
	0.11
	0.02
	0.37
	0.02
	1.58
	1.06
	0.61
	0.07

	Cu (µg / L)
	0.44
	1.77
	1.03
	0.43
	0.28
	0.12
	0.15
	0.58

	Zn (µg / L)
	1.09
	1.11
	0.88
	1.10
	2.45
	0.88
	1.11
	1.35

	Ni (µg / L)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	U (µg / L)
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2

	Fluoride (mg / L)
	0.01
	0.29
	0.19
	0.07
	0.13
	0.11
	0.17
	0.01

	Chloride (mg / L)
	42.00
	39.00
	24.00
	36.00
	24.00
	26.00
	23.00
	21.00

	Bromide (mg / L)
	0.28
	0.47
	0.11
	0.14
	0.10
	0.14
	0.10
	0.12

	Phosphate 
(mg / L)
	0.58
	0.57
	0.82
	0.44
	0.46
	0.45
	<0.30
	0.28

	Sulphate 
(mg / L)
	2.87
	2.33
	18.03
	19.96
	7.03
	8.53
	5.44
	6.53



[bookmark: _Ref9427936][bookmark: _Toc12623499]Table S.2. Isotope, DOM characterisation, field data and inorganic ion results for Wellington samples. N/A indicates no result available for the sample. “< x” indicates a value less than the limit of detection.
	Wellington

	
	Bell River
	Macquarie River
	The Well
	BH1
	WRS03
	WRS05
	WRS08

	DOC conc. (mg C / L)
	1.87
	8.26
	0.63
	0.66
	2.07
	1.58
	1.12

	14CDOC (pMC)
	101.32
	103.88
	NA
	NA
	103.14
	102.59
	NA

	Δ14CDOC (‰)
	13.20
	38.80
	NA
	NA
	31.40
	25.90
	NA

	Tritium units (TU)
	1.65
	2.79
	1.41
	1.46
	2.27
	1.14
	0.61

	𝛿13CDOC (‰)
	-26.00
	-26.40
	-23.90
	-24.70
	-25.70
	-24.70
	-24.10

	𝛿13CDIC (‰)
	-10.00
	-10.00
	-11.30
	-13.00
	-16.80
	-16.30
	-13.40

	14CDIC (pMC)
	97.77
	102.92
	99.65
	98.92
	101.71
	96.64
	94.41

	14CDIC (pmc)
	100.80
	106.11
	102.47
	101.37
	103.43
	98.37
	96.67

	𝛿2H (‰)
	-27.31
	-23.06
	-26.06
	-25.37
	-27.34
	-32.58
	-28.68

	𝛿18O (‰)
	-4.19
	-4.20
	-4.04
	-4.52
	-4.68
	-5.36
	-4.17

	Peptide-like (% RA)
	0.13
	0.05
	0.14
	0.28
	0.05
	0.07
	0.08

	No. of unique formulae
	7582
	8989
	7451
	5282
	7962
	7111
	7022

	Sugar-like (% RA)
	0.02
	0.25
	0.00
	0.00
	0.00
	0.00
	0.00

	Condensed aromatics (% RA)
	0.96
	2.13
	0.01
	0.01
	0.17
	0.13
	0.19

	Polyphenolic (% RA)
	5.00
	8.44
	1.81
	1.82
	2.96
	2.71
	3.06

	Highly unsaturated and phenolic (% RA)
	90.87
	86.01
	96.37
	96.01
	94.63
	95.18
	94.85

	Aliphatic (% RA)
	3.03
	3.36
	1.67
	1.87
	2.19
	1.90
	1.82

	H/C ratio 
	1.18
	1.14
	1.20
	1.21
	1.19
	1.19
	1.19

	O/C ratio
	0.50
	0.53
	0.47
	0.45
	0.50
	0.49
	0.48

	DBE
	10.18
	10.59
	10.55
	10.46
	10.20
	10.27
	10.41

	NOSC
	-0.09
	0.00
	-0.19
	-0.23
	-0.12
	-0.14
	-0.16

	AImod
	0.30
	0.32
	0.30
	0.30
	0.30
	0.30
	0.30

	HOC (% RA)
	2.60
	2.90
	21.70
	27.70
	3.60
	12.10
	5.20

	BP (% RA)
	5.50
	2.10
	1.10
	0.80
	0.20
	0.40
	1.30

	HS (% RA)
	60.10
	64.50
	41.90
	42.40
	66.90
	52.80
	67.20

	BB (% RA)
	15.60
	19.00
	12.70
	6.40
	7.90
	19.00
	9.00

	LMWN (% RA)
	16.20
	11.50
	22.50
	22.60
	21.30
	15.70
	17.40

	Dissolved Oxygen (mg / L)
	9.41
	9.23
	8.32
	3.06
	0.27
	1.71
	0.32

	Electrical Conductivity (µS / cm)
	913
	249
	902
	916
	401
	1045
	1003

	pH
	8.08
	7.37
	7.49
	6.89
	6.58
	6.82
	7.1

	Alkalinity (meq / L)
	5.09
	1.47
	6.5
	6.18
	2.25
	6.32
	7.91

	N-NH4 (mg / L)
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	N-NO3 (mg / L)
	0.51
	0.17
	3.78
	1.25
	<0.05
	0.05
	0.71

	Ca (mg / L)
	79.64
	16.89
	138.20
	128.60
	32.31
	92.13
	94.06

	Fe (mg / L)
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	K (mg / L)
	2.21
	2.78
	1.02
	1.22
	2.19
	1.84
	1.19

	Mg (mg / L)
	35.02
	9.33
	10.84
	18.60
	15.79
	44.75
	44.46

	Mn (mg / L)
	22.00
	23.00
	<0.2
	3.00
	134.00
	1.00
	619.00

	Na (mg / L)
	56.30
	18.40
	29.02
	35.61
	24.95
	64.47
	60.41

	S (mg / L)
	19.18
	6.41
	7.65
	11.77
	13.14
	28.98
	16.07

	Si (mg / L)
	4.65
	2.10
	10.65
	12.09
	9.53
	16.42
	19.75

	Sr (mg / L)
	0.54
	0.14
	0.66
	0.89
	0.27
	0.76
	0.74

	As (µg / L)
	0.37
	0.69
	0.27
	0.05
	0.98
	0.28
	0.51

	Al (µg / L)
	2.70
	4.98
	6.14
	1.43
	2.77
	1.81
	3.94

	Ba (µg / L)
	88.87
	27.02
	93.36
	99.95
	57.85
	91.65
	88.31

	P (µg / L)
	22.89
	6.65
	47.80
	21.34
	27.70
	85.02
	174.69

	Cr (µg / L)
	0.17
	0.45
	0.39
	0.24
	0.06
	0.22
	1.05

	Co (µg / L)
	<0.2
	<0.2
	<0.2
	<0.2
	1.
	<0.2
	0.6

	Cu (µg / L)
	2.31
	1.90
	14.10
	1.60
	0.79
	0.62
	0.40

	Zn (µg / L)
	7.86
	6.90
	30.61
	39.68
	42.32
	0.72
	0.65

	Ni (µg / L)
	0.58
	2.45
	2.23
	0.17
	1.44
	0.25
	1.00

	U (µg / L)
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2

	Fluoride (mg / L)
	<0.2
	<0.2
	<0.2
	0.2
	<0.2
	0.2
	0.5

	Chloride (mg / L)
	95.8
	19.8
	55.9
	70.0
	29.7
	75.8
	66.6

	Bromide (mg / L)
	0.5
	<0.2
	0.3
	0.3
	<0.2
	0.4
	0.8

	Phosphate (mg / L)
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	0.6

	Sulphate (mg / L)
	53.8
	17.8
	20.9
	32.4
	36.0
	79.5
	44.2



[bookmark: _Ref9427938][bookmark: _Toc12623500]Table S.3. Isotope, DOM characterisation, field data and inorganic ion results for Anna Bay samples. N/A indicates no result available for the sample. “< x” indicates a value less than the limit of detection.
	Anna Bay

	
	S1_S
	S1_M
	S1_D
	S2_D
	S4_S
	MLSA_40cm
	MLSB_100cm
	MLSD_115cm

	DOC conc. (mg C / L)
	1.01
	10.49
	8.69
	15.08
	6.40
	7.68
	7.14
	7.13

	 14CDOC (pMC)
	NA
	100.86
	88.69
	87.94
	80.82
	105.34
	103.80
	NA

	[bookmark: _Hlk24544349]Δ14CDOC (‰)
	NA
	8.60
	-113.10
	-120.60
	-191.80
	53.40
	38.00
	NA

	Tritium units (TU)
	1.35
	1.46
	1.10
	0.79
	1.30
	1.58
	1.56
	1.43

	𝛿13CDOC (‰)
	-27.10
	-27.80
	-26.90
	-26.80
	-26.70
	-28.50
	-28.30
	-28.30

	𝛿13CDIC (‰)
	-21.70
	-11.40
	-5.50
	-1.40
	-11.00
	-9.90
	-9.00
	-11.00

	14CDIC (pMC)
	95.98
	101.95
	102.39
	96.80
	94.08
	98.16
	96.77
	95.34

	14CDIC (pmc)
	96.63
	104.81
	106.53
	101.54
	96.80
	101.22
	99.97
	98.10

	𝛿2H (‰)
	-15.68
	-7.99
	-12.22
	-16.94
	-25.13
	-9.31
	-10.44
	-10.76

	𝛿18O (‰)
	-3.87
	-1.79
	-2.69
	-3.47
	-4.86
	-2.81
	-2.83
	-3.01

	Peptide-like (% RA)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.26
	0.04
	0.15

	No. of unique formulae
	6937
	7024
	7912
	6122
	4491
	8862
	8722
	8577

	Sugar-like 
(% RA)
	0.01
	0.21
	0.11
	0.15
	0.01
	0.12
	0.15
	0.21

	Condensed aromatics
 (% RA)
	4.56
	4.48
	5.99
	7.51
	16.96
	1.28
	2.17
	1.67

	Polyphenolic (% RA)
	16.88
	17.67
	22.67
	25.87
	34.57
	9.54
	12.09
	10.76

	Highly unsaturated and phenolic (% RA)
	76.00
	74.62
	68.50
	64.71
	48.16
	84.48
	81.75
	83.39

	Aliphatic 
(% RA)
	2.55
	3.20
	2.82
	1.89
	0.30
	4.44
	3.93
	4.01

	H/C ratio 
	1.06
	1.05
	1.00
	0.97
	0.86
	1.14
	1.11
	1.12

	O/C ratio
	0.52
	0.54
	0.54
	0.54
	0.54
	0.53
	0.54
	0.54

	DBE
	11.47
	11.56
	12.15
	12.56
	14.19
	10.65
	11.02
	10.85

	NOSC
	0.04
	0.10
	0.15
	0.19
	0.27
	0.00
	0.04
	0.04

	AImod
	0.38
	0.37
	0.40
	0.43
	0.50
	0.32
	0.34
	0.33

	HOC (% RA)
	27.60
	11.10
	25.50
	14.40
	10.90
	13.70
	13.00
	16.20

	BP (% RA)
	0.20
	0.80
	0.70
	0.10
	0.00
	0.20
	0.10
	0.00

	HS (% RA)
	48.50
	62.90
	56.70
	66.10
	69.50
	58.40
	60.10
	60.50

	BB (% RA)
	12.90
	14.70
	9.30
	12.50
	12.10
	16.20
	13.90
	12.60

	LMWN 
(% RA)
	10.80
	10.50
	7.80
	7.00
	7.40
	11.50
	12.90
	10.70

	Dissolved Oxygen 
(mg / L)
	0.26
	0.08
	0.11
	0.08
	0.09
	0.29
	0.36
	0.21

	Electrical Conductivity (µS / cm)
	415
	392
	237
	234
	341
	606
	695
	649

	pH
	7.57
	5.93
	5.24
	5.36
	6.55
	6.36
	6.66
	6.81

	Alkalinity (meq / L)
	3.48
	2.39
	0.48
	2.42
	2.94
	4.59
	5.53
	5.03

	N-NH4 
(mg / L)
	0.07
	0.15
	0.56
	1.00
	0.49
	<0.05
	<0.05
	<0.05

	N-NO3 
(mg / L)
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05

	Ca (mg / L)
	67.76
	35.93
	8.36
	4.75
	46.34
	90.07
	105.00
	103.00

	Fe (mg / L)
	1.55
	0.52
	0.69
	0.31
	0.02
	2.58
	5.01
	4.14

	K (mg / L)
	0.56
	0.83
	1.23
	1.35
	1.03
	1.15
	1.04
	1.35

	Mg (mg / L)
	4.99
	8.42
	4.02
	5.95
	6.05
	4.85
	2.75
	2.61

	Mn (mg / L)
	55.43
	10.22
	9.25
	4.72
	7.84
	22.20
	22.60
	20.02

	Na (mg / L)
	12.68
	27.07
	31.03
	33.35
	13.36
	25.08
	25.08
	24.23

	S (mg / L)
	0.33
	0.62
	2.87
	13.80
	0.65
	1.41
	0.55
	0.46

	Si (mg / L)
	1.93
	2.12
	5.95
	7.89
	2.01
	2.45
	2.11
	2.08

	Sr (mg / L)
	0.60
	0.39
	0.09
	0.06
	0.42
	0.78
	0.86
	0.84

	As (µg / L)
	24.76
	1.29
	1.73
	0.45
	1.11
	8.97
	19.60
	20.04

	Al (µg / L)
	3.58
	61.66
	148.18
	273.11
	50.91
	1.46
	12.21
	10.84

	Ba (µg / L)
	3.78
	3.12
	1.04
	1.64
	5.38
	13.49
	8.35
	9.66

	P (µg / L)
	275.27
	22.75
	7.06
	10.18
	44.54
	271.01
	434.19
	402.98

	Cr (µg / L)
	0.09
	0.34
	2.06
	1.56
	0.41
	0.29
	0.46
	0.34

	Co (µg / L)
	0.04
	0.13
	0.03
	0.09
	0.06
	0.09
	0.06
	0.04

	Cu (µg / L)
	0.73
	0.65
	0.23
	0.22
	0.95
	0.26
	0.35
	0.24

	Zn (µg / L)
	1.78
	3.77
	2.47
	0.55
	0.92
	10.61
	17.29
	7.88

	Ni (µg / L)
	0.09
	0.24
	0.23
	0.29
	1.54
	0.60
	0.48
	0.19

	U (µg / L)
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2
	<0.2

	Fluoride 
(mg / L)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Chloride 
(mg / L)
	16.14
	46.72
	40.04
	33.20
	20.35
	39.07
	38.18
	38.08

	Bromide 
(mg / L)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Phosphate (mg / L)
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3

	Sulphate 
(mg / L)
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	5.0
	<0.3
	<0.3



[bookmark: _Ref8905557][bookmark: _Toc12623501]Table S.4. Water sources at each sampling location as identified by 3H, 14CDOC, 14CDIC and EC. The data shows that there are three major water sources (regional groundwater, surface water and diffuse recharge).
	Sample ID
	3H (TU)
	14CDOC (pMC)
	14CDIC (pMC)
	EC (µS/cm)
	Water Source
	Evidence

	Maules Creek

	Elfin Crossing 
Surface
	1.62
	90.44
	104.29
	295
	Surface water
	At low-flow surface water at Elfin Crossing is entirely fed by groundwater discharge from upstream springs (Andersen & Acworth, 2009).

	EC3
	1.74
	102.04
	104.2
	350
	Surface water (Elfin Crossing)
	Similar water age to Elfin Crossing, young DOC, sample location at creek edge, hydraulic head data indicates Elfin Crossing is a losing surface water system at the time of sampling.

	EC6
	1.7
	93.64
	103.66
	372
	Surface water (Elfin Crossing)
	Similar water age to Elfin Crossing, young DOC, sample location at creek edge, hydraulic head data indicates Elfin Crossing is a losing surface water system at the time of sampling.

	EC7
	1.63
	N/A
	103.91
	326
	Surface water (Elfin Crossing)
	Similar water age to Elfin Crossing, sample location at creek edge, hydraulic head data indicates Elfin Crossing is a losing surface water system at the time of sampling.

	BH18-2
	0.76
	105.77
	93.72
	537
	Regional groundwater
	Low TU, no surface water flow at the time of sampling.

	BH19-2
	0.49
	N/A
	90.7
	594
	Regional groundwater
	Low TU, no surface water flow at the time of sampling.

	EC31
	1.01
	72.91
	108.07
	395
	Shallow regional groundwater
	Low TU compared to monitoring bores located closer to the river (EC3, EC6 and EC7), old DOC indicating different DOC source compared to monitoring bores located closer to the river.

	BH12-4
	0.45
	75.22
	61.91
	410
	Deep regional groundwater
	[bookmark: _Hlk24706122]Screen situated beneath a ~2 m clay aquitard, low TU, old DIC compared to all other Elfin Crossing samples

	Wellington

	Bell River
	1.65
	101.32
	97.77
	913
	Surface Water
	Sample taken from surface water.

	Macquarie River
	2.79
	103.88
	102.92
	249
	Surface Water
	Sample taken from surface water.

	The Well
	1.41
	N/A
	99.65
	902
	Surface water (Macquarie River)
	Hydraulic head data from the time of sampling shows that groundwater flows from Bell River to The Well. This is supported by EC measurements which show similar EC to Bell River, as well as the findings of Keshavarzi et al. (2017).

	BH1
	1.46
	N/A
	98.92
	916
	Surface water (Macquarie River)
	Hydraulic head data from the time of sampling shows that groundwater flows from Bell River to BH1. This is supported by EC measurements which show similar EC to Bell River, as well as the findings of Keshavarzi et al. (2017).

	WRS03
	2.27
	103.14
	101.71
	401
	Surface water (Macquarie River)
	Young water and young DIC with values similar to Macquarie River. EC low and much closer to Macquarie River EC values than WRS05 and WRS08 which are located futher from the river. Graham et al. (2015) showed that bores near WRS03 were influenced by small changes in river water levels.

	WRS05
	1.14
	102.59
	96.64
	1045
	Regional groundwater
	Old water compared to Macquarie River, EC is much higher than WRS03 or Macquarie River. Graham et al. (2015) showed that WRS05 is only recharged from Macquarie River during very large flood events.

	WRS08
	0.61
	N/A
	94.41
	1003
	Regional groundwater
	Old water compared to Macquarie River, EC is much higher than WRS03 or Macquarie River. Graham et al. (2015) showed that WRS08 is only recharged from Macquarie River during very large flood events.

	Anna Bay

	S1_S
	1.35
	N/A
	95.98
	415
	Surface water (wetland)
	Young water, young DOC, sample location approximately 10 m from the wetland. Hydraulic head data shows a long-term trend of water movement from the wetland to the coast.

	S1_M
	1.46
	100.86
	101.95
	392
	Surface water (wetland)
	Young water, young DOC, sample location approximately 10-m from the wetland. Hydraulic head data shows a long-term trend of water movement from the wetland to the coast.

	MLSA_40cm
	1.58
	105.34
	98.16
	606
	Surface water (wetland) with some older groundwater input
	Young water, young DOC, sample location at wetland edge, sampled at shallow depth, very similar composition to MLSB_100cm and MLSD_115cm.

	MLSB_100cm
	1.56
	103.8
	96.77
	695
	Surface water (wetland) with some older groundwater input
	Young water, young DOC, sample location at wetland edge, sampled at shallow depth, very similar composition to MLSA_40cm and MLSD_115cm.

	MLSD_115cm
	1.43
	N/A
	95.34
	649
	Surface water (wetland) with some older groundwater input
	Young water, young DOC, sample location at wetland edge, sampled at shallow depth, very similar composition to MLSB_100cm and MLSA_40cm.

	S1_D
	1.1
	88.69
	102.39
	237
	Regional groundwater
	EC indicates a fresher water source than the shallow and medium sites. Water age is older than the shallow and medium sites. Meredith et al. (2019) identified the deeper aquifer as having a regional water source.

	S2_D
	0.79
	87.94
	96.8
	234
	Regional groundwater
	EC indicates a fresher water source than the shallow and medium sites. Water age is older than the shallow and medium sites at S1. Meredith et al. (2019) identified the deeper aquifer as having a regional water source.

	S4_S
	1.3
	80.82
	94.08
	341
	Diffuse recharge
	[bookmark: _Hlk24704957]Young water but older DOC indicates recharge by rainfall and leaching of old peat. This is a shallow sample and therefore unlikely to contain regional groundwaters as identified in the deeper aquifer by Meredith et al. (2019).



Table S.5. Spearman correlations between 14CDOC (pMC) and LC-OCD / FT-ICR MS results for the inland and coastal samples. Significant correlations (p < 0.05) are shown in bold font. NB: a positive relationship between a parameter and 14CDOC (pMC) represents an increase in the parameter with increasing DOC percent Modern Carbon (i.e. younger DOC age).
	
	Inland
	Coastal

	
	Slope
	P-value
	Slope
	P-value

	DOC concentration (ppb)
	Positive
	0.04
	
	1.00

	HOC (% RA)
	
	0.09
	
	0.80

	HS (% RA)
	
	0.23
	
	0.18

	LMWN (% RA)
	
	0.07
	Positive
	0.03

	BP (% RA)
	
	0.57
	
	0.30

	BB (% RA)
	
	0.73
	
	0.10

	Peptide-like (% RA)
	
	0.39
	Positive
	0.03

	Sugars (% RA)
	
	0.41
	
	0.42

	Aliphatic (% RA)
	
	0.81
	Positive
	< 0.01

	Polyphenolic (% RA)
	Positive
	0.05
	Negative
	< 0.01

	Condensed aromatics (% RA)
	
	0.09
	Negative
	< 0.01

	Highly unsaturated and phenolic (% RA)
	Negative
	0.03
	Positive
	< 0.01

	NOSCa (weighted average)
	Positive
	0.02
	Negative
	< 0.01

	DBEb (weighted average)
	
	0.56
	Negative
	< 0.01

	Mass (weighted average)
	
	0.95
	Negative
	< 0.01

	HC (weighted average)
	
	0.06
	Positive
	< 0.01

	OC (weighted average)
	Positive
	0.02
	
	0.16

	AImod (weighted average)
	Positive
	0.04
	Negative
	< 0.01

	Notes:
	a Nominal oxidation state of carbon
b Double bond equivalents
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