Lithology and facies development of ODP Site U1464
The GDGT indices exhibit patterns indicative of changing environmental conditions at IODP site U1464. To better understand how the lithology and the GDGT biomarker proxies relate, we examined the changes in different lithologic/seismic sections. The sabkha related algal mats were used as a starting point for our interpretation, since they formed in the shallowest depositional environment (intertidal) and are characterized by a typical GDGT composition unsuitable for SST reconstructions (Petrick et al., 2019). In the sabkhas, we found some proxies were high (%GDGT-0, MI, BIT, 2/3 index) and others were low (#Ringstetra, RI) (Petrick et al., 2019). Below, we discuss how these changes can be reconciled with sedimentary and seismic facies analysis. 
At the bottom of the succession, we have samples between 831.95-706 mbsf downcore (~17.4 -15.4 Ma), which can be tied seismically to the first coral reef build-ups MioR-0 (Fig. 2, (McCaffrey et al., 2025)). At IODP site U1464, the seismic record reflects a marginal slope environment shallowing upward into a shallow subtidal platform environment (Fig. 2). The seismic section also shows that the developing reef was located landward (~20 km) of the core site. The shipboard analysis indicated the presence of the green algae Halimeda as well as the large benthic foraminifer Cycloclypeus, and even a sample with coral in this section (Gallagher et al., 2017). Thin-section analysis shows samples rich in large benthic foraminifera (LBF), coralline algae (CA), and locally bryozoa (Fig. 6 g-j). All the GDGT biomarker proxies are below the cutoff values for elimination throughout this entire section, except for one sample that had an enhanced but acceptable BIT and a high #ringtetra value above 0.8 (Fig. S1). This means that the changes in GDGTs in this section are ideal for reconstructing thermal changes (Fig. S2). Therefore, the highest reconstructed temperatures occur in relatively shallow water, but in the open ocean environment seaward of the reef front. It is unlikely that there is any local heating effect due to an enclosed environment for these TEX86 H SSTs. Yet while the core site is in an open ocean environment, there are indications of shallowing. The few planktonic foraminifera only occur at the base of this section, while the upper part of the section is barren, suggesting an upward shallowing of the depositional environment (Gallagher et al., 2017). Finally, although many of the GDGT indices are stable, the BIT index is increasing. Given that high BIT is associated with more terrestrial input (Schouten et al., 2013) and was reported as high in the sabkha sediments (Petrick et al., 2019), it indicates that the platform progradation resulted in a more proximal position in the uppermost part of this interval. Therefore, while still in the open ocean, the depositional environment at Site U1464 is shallowing as the first coral reef build-ups (Mi-0) are developing on the NWS.
The core interval between 695-631 mbsf (15-14.4 Ma) is bracketed between seismic horizons H3 and H4 (Figs. 2,3). This interval is associated with reef generation MioR-1 (McCaffrey et al., 2025), corresponding to the initial development of the barrier reef on the NWS (Fig. 3). The seismic data indicates that the reef prograded to a position seaward of Site U1464 (Fig.3) and developed into a barrier reef system (Fig. 3). The sediments at the site, therefore, were deposited in a shallow subtidal environment within a lagoon. In the GDGT biomarker data, BIT continues to increase. The #Ringtetra values record a decrease across this boundary and are below 0.5 by the end (Fig. S2). BIT indices indicate more influence of terrestrial material or algal mats. In contrast, low #Ringtetra values are associated with shallow waters (Sinninghe Damsté, 2016). The drop in #Ringtetra values, therefore, suggests a change from an open shelf environment to a much shallower environment characterized by higher input of terrestrial or algal mats. Finally, there are also minor increases recorded in the GDGT0% and MI indices (Figs. S2). High values in both indices, especially GDGT0%, were found in modern and ancient sabkhas (Petrick et al., 2019). This suggests that, by the end of the period, sediment from sabkhas may have started reaching the site. However, the changes in other biomarkers are either minor or non-existent, indicating that the influence of GDGTs from the sabkha environment was still limited.
The following section covers 631-524 mbsf (14.4-12.3 Ma), between seismic horizon H4 and the transition between lithologic units IV and V (Figs. 2, 3) (McCaffrey et al., 2025). This stage corresponds to a further progradation of the reef to its most seaward position (MioR-2) and maximum extent (Fig. 3). Three microbial mats associated with sabkha facies have been identified in this interval in the core (Fig. S4) and characterized with biomarkers, XRD, thin section, and core description (Petrick et al., 2019) (Fig. 2). These intertidal microbial mats associated with the sabkhas have extremely high values in the various GDGT indices (BIT, %GDGT0, and MI) and low values in other indices (#Ringtetra, RI). The GDGT values with these characteristics either match or are near the three identified sabkha facies. In these samples, SST could not be reconstructed due to contamination by the microbial mats (Petrick et al., 2019b). The non-thermal GDGTs would lead to a cold bias in reconstructed SSTs (avg. 25.87 °C) (Fig. S2). Furthermore, all the GDGT proxies in this interval show a much higher variability than in any other section, indicating that the input of non-thermal GDGTs and likely distance from shore were variable during this time (Fig. S1). However, some samples within this period have GDGT index values considered suitable for climate reconstructions, such as those from the “brown layers” in (Petrick et al., 2019). These have acceptable normal values on all the TEX86 indexes, indicating minimal sabkha influence (Petrick et al., 2019) (Fig. S1). However, given the dynamics of all the GDGT indices in this period, some caution is warranted for the SSTs in this section, especially since these are among the coldest values in the entire record. Therefore, from both the GDGTs and the facies indicators, there is a shallowing of the depositional environment likely associated with the eustatic sea-level drop associated with the MMCT (Fig. 5) (Miller et al., 2020). Seismic data from other parts of the barrier reef system indicate that this sea-level drop led to karstification in the inner carbonate platform environment during the same time (Rosleff-Soerensen et al., 2012).
The section between the unit V/IV boundary and seismic horizon H5 (522-413 mbsf, 12.56-9.4 Ma) corresponds to a retrogradation of the MioR-2 reef system (Fig. 5). The reef front is stepping back to a position similar to the former MioR-1 reef (Fig. 5). As a result, the biomarkers are very similar to the lagoonal interval predating the sabkha interval (MioR-1) with mainly stable GDGT indices not high enough to reject the SST values. This interval is devoid of intertidal mats but contains, for the first time, more abundant corals. Therefore, there is an overall deepening from intertidal to shallow subtidal conditions in a lagoonal depositional environment. The corals (Fig. S4) include the zooxanthellate genera Porites, Acropora, Montipora, and Faviidae (Gallagher et al., 2017), indicating deposition within the photic zone. This is consistent with the abundance of large benthic foraminifera, confirming deposition in an inner to middle shelf environment (Fig. S3). It is worth noting that the low core recovery, combined with the presence of corals, made sampling for biomarkers challenging at the upper part of this interval (Fig. S4).   
The following section, between horizons H5 and the top of the sampled section of the core (413-266 mbsf), is in the lower part characterized by low core recovery and, therefore, limited sampling. This results in almost no biomarker data for the lower part of the section. It is known that this period saw further backstepping of the reef front and the disintegration of the barrier reef into atolls (MioR-3). This is reflected in an increase in #ringtetra, and a decrease in BIT and GTGT-0% values compared to the section below, indicating more open water conditions (Figs. 2,3). 
Then, starting at 327 mbsf (6.4 Ma), the preserved sediment and therefore sampling increases. At the same time there is a first increase in the abundance of planktonic foraminifera and nannofossils preserved in the sediment (Gallagher et al., 2017) (Fig. 6b). Benthic foraminifera assemblages suggested a sudden transition to deeper water sediment at a depth of 308 mbsf, with a further prominent increase in nannofossils and planktonic foraminifera at ~6 Ma (Karatsolis et al., 2020). This is associated with an increase in the Th+K values in the NGRL (Fig. 3). These higher values are not related to a reduction in the sedimentation rate (Karatsolis et al., 2020). This suggests an increase in siliciclastic input to the core site, rather than a reduction in carbonate accumulation. There is further evidence of other changes. While below the reject value, MI increases at 312 mbsf, indicating the presence of methanogenic archaea, perhaps due to increased organic content in the sediments. Anoxic porewater conditions are also indicated by an increase in pyrite contents in the same interval (Gallagher et al., 2017). There is a simultaneous peak in U in the NGRL at 310 mbsf (Fig. 3) (Gallagher et al., 2017), indicating increased organic burial. Finally, the thin sections show increased glauconite in this section with typical pelagic foraminifera species, indicating reducing conditions (Fig. S3a,b). All of this occurs relatively rapidly between 327-307 mbsf (6.4-6.0 Ma), indicating a change in the depositional environment from a shallow lagoon to a “pelagic” sedimentary system with an increased amount of siliciclastic input. Interestingly, this occurred below the H6 seismic horizon located at 276 mbsf (4.28 Ma), which suggests the end of the barrier reef system and the transition to more isolated atolls (McCaffrey et al., 2025, 2020). We will investigate this transition in more detail below.

SST seasonality 
	We decided to use the TEX86H ratio to compare to the work that has been done before in this region. We have also attached the raw data to enable the recalculation of data if necessary. The low GDGT 2/3 ratio (Fig. S1) suggests that the archaea used to calculate the TEX86H ratio thrived in the surface ocean (Rattanasriampaipong et al., 2022). Previous TEX86H SST reconstructions on cores from the Australian shelf have shown that TEX86H SST most likely represents summer SSTs (De Vleeschouwer et al., 2022; Petrick et al., 2024, 2023, 2025) However, Modern average summer (January-March) temperatures on the NW Australian shelf range from 28-31 °C. This is ~3 °C warmer compared to the modern annual average SSTs (Reagan et al., 2023). A similar difference is also seen when the TEX86H SST record from IODP Site U1464 is compared to the nearby Mg/Ca SST record from ODP Site 761 (Sosdian et al., 2020; Sosdian and Lear, 2020) (Figs. 1, 5). Depending on the calibration of the Mg/Ca record, SSTs from IODP Site U1464 reconstructed by TEX86H SSTs are about 1-4 degrees warmer than Mg/Ca-SSTs from ODP Site 761 during the MCO (Fig. 5) (Sosdian and Lear, 2020). If Mg/Ca represents annual average SST, this difference would be comparable to the modern situation on the NW Australian shelf, where summer temperatures are ~3°C warmer than annual average SSTs (Reagan et al., 2023). The Miocene summer SSTs reconstructed here are ~2-3 °C higher than modern summer SSTs during the MCO, ~1 °C higher in the early Late Miocene (11-10 Ma), and in a similar range as modern summer SSTs during the MMCT and LMC. In the Late Miocene part of the record, SSTs are similar to the summer TEX86H derived SSTs at other sites from northern Australia, such as ODP Site 811 (Petrick et al., 2023, 2025) (Fig. 5), indicating all the TEX86H SSTs are reflecting similar temperatures. 
	The one exception is the MMCT, where the TEX86H SSTs at IODP site 1464 are nearly identical to the Mg/Ca values at ODP Site 761 (Fig. 5) (Sosdian et al., 2020; Sosdian and Lear, 2020). As shown above, the MMCT at site 1464 is characterized by the presence of extensive sabkhas in the record. It has been demonstrated that algal mats from sabkhas have a characteristic GDGT signature, which is unsuitable for temperature reconstructions using established calibrations due to an artificial cold bias (Petrick et al., 2019). Most of the samples removed from the SST calculation were in the MMCT part of the record, and many of the samples that were retained were on the borderline for several of the GDGT indices (Fig. S2, S1). It is therefore likely that some of the GDGTs in this section are sourced from sabkha sediments (Fig. 3), which could have resulted in a cold bias of the calculated SSTs in this interval. Further work should be focused on understanding the nature of this contamination and on developing a “sabkha index.” For now, however, it is likely that the cooling during the MMCT is exaggerated. 
The one caveat is that low-nutrient environments have been suggested to increase TEX86H SSTs (Rattanasriampaipong et al., 2025). This is recent work, so it is not clear whether this is on top of a seasonal signal or whether the two are linked (i.e., lower-nutrient environments exhibit greater GDGT production during the summer).  We also lack a nutrient proxy for the site, so we are unable to quantify nutrient changes.  However, coral reefs tend to develop in low but not very low nutrient conditions (Bell et al., 2013). There may be some magnification of the SST data during the period of our record, leading to higher SSTs. This does not appear to exceed the seasonal SST difference shown above. It may be that some of the highest SST data is unreliable. Still, it does not alter our overall conclusion that the TEX86H SSTs are above the modern coral growth window. 
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Figure S1: GDGT indexes used in this study. Seismic horizons H3 to H6 (McCaffrey et al., 2025)) and Unit III to V (Gallagher et al., 2017a) boundaries are shown as described in Figure 3. Note the specific biomolecular signals of sabkha sediments positioned between 510-630 m. Dashed lines represent the rejection value used in this study. Quality criteria shown are the (a) methane index with a reject value >0.5 (MI, after (Zhang et al., 2011)), (b) %GDGT-0 index with a reject value > 70% (after (Sinninghe Damsté et al., 2012)), (c) branched vs. isoprenoid index with a reject value >0.45 (BIT, proposed by (Schouten et al., 2002)), (d) ring index (RI, proposed by (Zhang et al., 2016)), e) #Ringtetra (as proposed by (Sinninghe Damsté, 2016)) f) GDGT 2/3 (proposed by (Hernández-Sánchez et al., 2014; Taylor et al., 2013)).
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Figure S2: Data removed from interpretation due to non-thermal influence on GDGT-derived SST proxies. Data points in orange exhibit higher BIT values but are just below the chosen cut-off for BIT or reveal #Ringtetra values above the threshold.
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Figure S3: Core photographs and thin-section images from IODP Hole U1464C. Sample positions are indicated on Figure 2. The scale bar is 1 cm on core and 500 μm on thin section photos. A and B: Lithofacies of the platform drowning sequence (MioR-3). Glauconitic (G) packstone with a mix of neritic (e.g., benthic foraminifera (BF), echinoderm fragments (E)) and pelagic components (planktic foraminifera (PF)) and intraclasts (In). C and D: Wackestone to packstone from the lagoonal facies (MioR-2) contain abundant large benthic foraminifera (LBF) and mollusk fragments (M), including bivalves and gastropods. Most previously aragonitic bioclasts have been partially or completely replaced by gypsum. E and F: Mud to wackestone from the sabkha facies (MioR-2) characterized by large anhydrite (An) crystals. Note that the matrix in F shows a peloidal texture. G and H: Bioclastic pack- to grainstone with intraclasts (In) (MioR-0). Bioclasts include Larger benthic foraminifera (LBF), coralline algae (CA), and echinoderm fragments. I and J: Bioclastic packstone of the slope margin facies (MioR-0), rich in large benthic foraminifera (LBF) and coralline algae (CA).
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Figure S4: Core photos from IODP Hole U1464C showing a microbial mat associated with the sabkha (right) and coral fragments, partly or completely replaced by gypsum (left). Both were deposited during the phase of maximum reef progradation (MioR-2). Locations shown in Figure 2. The scale bar is 1 cm.
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