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GDGT indices for non-thermal overprints on TEX86 

 

We list the GDGT-based ratios and indices to assess potential non-thermal effects on the GDGT distributions.  The 

numbers correspond to Fig. S1 (panel 2–8) and Fig. S2 (panel 2–8) where the GDGT distributions from Site 696 and 

U1536, respectively, are displayed. 

 

2. The relative contribution of soil- and marine-derived organic matter in marine sediments can be reconstructed using 

the branched and isoprenoid tetraether (BIT) index (Hopmans et al., 2004). This index is taken as a proxy for the 

amount of terrestrial GDGT input, including allochthonous terrestrially-derived isoGDGTs (Weijers et al., 2006) into 

the marine sediments. BIT index values greater than 0.4, is the threshold above which elevated soil-derived GDGTs 

are suspected to significantly influence TEX86-derived SST estimates (i.e., >2°C) (Weijers et al., 2006). However, this 

only applies when brGDGTs are sourced from land, as opposed to marine-sourced (see e.g., discussions in Bijl et al., 

2021).  

 

3. The fcren’ index evaluates variations in the relative abundance of the crenarchaeol stereoisomer. The index is used 

to detect ‘anomalous’ versus ‘warm’ GDGT distributions, compared to values observed in the modern core-top dataset, 

which indicates non-thermal contributions, potentially water depth, of the crenarchaeol isomer (O'Brien et al., 2017). 

The index has a cutoff value at above 0.25. 

 

4. The methane index (MI) detects isoprenoidal GDGT contributions from methanotrophic Euryarchaeota (Zhang et 

al., 2011). MI values >0.3 conservatively reflect hydrate-impacted sediments and suggest that GDGT distribution 

might be affected by methanogenic archaea. 

 

5. Anaerobic oxidation of methane (AOM) is characterized by GDGT2/Cren ratio values above 0.2 (Weijers et al., 

2011). 

 

6. The GDGT-2/GDGT-3 ratio (Taylor et al., 2013) signals possible overprints by archaeal communities dwelling 

deeper in the water column. We use a cut-off value of 7. We also survail for abrupt changes in  GDGT-2/GDGT-3 

ratio as this likely indicate a change in the production depth of the GDGTs, and thus imply a change in build-up of the 

water column and thus water masses. .(Van Der Weijst et al., 2022) 

 



7. The Methanogenesis index, measured by the GDGT-0/Crenarchaeol ratio (Blaga et al., 2009; Sinninghe Damsté et 

al., 2009; Taylor et al., 2013) is targeted to detect contributions of isoGDGTs (GDGT-0) from methanogens. Samples 

with GDGT-0/Crenarchaeol ratio >2 are flagged as outliers for potential contribution by methanogenic archaea. 

 

8. The ∆Ring Index (∆RI) detects deviations from a normal pelagic GDGT composition (Zhang et al., 2016). ΔRI 

values > 0.3 are thought to represent samples for which GDGT distributions diverge outside that of the modern TEX86-

RI relationship, based on the 95% confidence interval of the modern regression. 

 

Site 696 GDGT distributions 

The Site 696 GDGT pool consist of 90 ± 5% isoGDGTs and 10 ± 5% brGDGTs, indicating that GDGTs are primarily 

produced by surface ocean-dwelling Thaumarchaeota., with little influence of soil-derived GDGTs, as indicated by 

the low BIT index (<0.2) throughout the record (Fig. S1C; panel 2). Additionally, there are no elevated concentrations 

of specific isoGDGTs pointing to enhanced GDGT contributions by methanotrophic or methanogenic microbes (Fig. 

S1C; panel 4, 5, 7) (Weijers et al., 2006; Blaga et al., 2009; Zhang et al., 2011), nor non-thermal contributions of the 

crenarchaeol isomer (Fig. S1C; panel 3) (O’Brien et al., 2017). No samples were identified for the potential influence 

of deep ocean-dwelling archaea, with GDGT 2/GDGT 3 ratio threshold of above 7 (Fig. S1C; panel 6) (Taylor et al., 

2013). In total, 9 samples had higher ∆RI values than the cut off of 0.3 (Fig. S1B, S1C; panel 8) indicating a potential 

non-thermal overprint on the GDGT distribution and are excluded from SST analysis (Supplementary Table 3).  



Figure S1. A. ODP Site 696 stacked relative GDGT distribution B. ∆Ring Index are plotted relative to TEX86 results of 
Site 696. Black and grey lines represent the RI/TEX86 relationship of modern core top samples, and the 95% confidence 
interval, respectively. Filled circles indicate RI/TEX86 values for samples that are retained; crosses indicate samples that 
are discarded. Color of all data points indicates depth of the sample. C. Site 696 TEX86 values and overprinting indices. 
Red lines indicate the cut-off values used for each of the indices, red crosses indicate samples marked with outlying values 
to the respective index. 1. TEX86 (Schouten et al., 2002), with blue line indicating the maximum modern core-top value 
(~0.72). 2. BIT index (Hopmans et al., 2004). 3. Fcren’ (O’Brien et al., 2017). 4. Methane index (Zhang et al., 2011). 5. AOM 
ratio (Weijers et al., 2011). 6. GDGT-2/3 ratio (Taylor et al., 2013). 7. Methanogenesis (Blaga et al., 2009), 8. ∆Ring index 
(Zhang et al., 2016). 

Site U1536 GDGT distributions 

The Site U1536 GDGT pool contain variable amounts of both isoGDGTs and brGDGTs, where brGDGTs are 

relatively more abundant in the middle (500–560 mbsf) and top parts of the record (440 mbsf) (Fig. S2A). In total, 12 

samples had a ∆RI higher than 0.3 (Fig. S2B, C; panel 8) indicating a potential non-thermal overprint on the GDGT 

distribution. GDGT distributions in 11 of these samples indicate a potential contribution by methanogenic archaea 

(Methanogenesis index >2), whilst 10 of these same samples also indicate possible soil-derived GDGTs based on high 

BIT index values (0.4–0.8, Weijers et al., 2006) (Fig. S2C; panel 2). One of the 12 samples discarded for further 
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analysis had GDGT-2/GDGT-3 ratio value above the threshold of 7 which could indicate a potential influence of deep 

ocean-dwelling Archaea, (Fig. S2C; panel 7) (Taylor et al., 2013).  

 

Figure S2. A. IODP Site U1536 stacked relative GDGT distributions. B. ∆Ring Index versus TEX86. Black and grey lines 
represent the RI/TEX86 relationship of modern core top samples, and the 95% confidence interval, respectively. Filled 
circles indicate RI/TEX86 values for samples that are retained; crosses indicate samples that are discarded. Color of all data 
points indicates depth of the sample. C. TEX86 values and overprinting indices. Red lines indicate the cut-off values used 
for each of the indices, red crosses indicate samples marked with outlying values to the respective index. 1. TEX86 (Schouten 
et al., 2002), with blue line indicating the maximum modern core-top value (~0.72). 2. BIT index (Hopmans et al., 2004). 3. 
Fcren’ (O’Brien et al., 2017). 4. Methane index (Zhang et al., 2011). 5. AOM ratio (Weijers et al., 2011). 6. GDGT-2/3 ratio 
(Taylor et al., 2013). 7. Methanogenesis (Blaga et al., 2009). 8. ∆Ring index (Zhang et al., 2016). 

 
 
Supplementary Table 1: Site 696 age model  
 

Event/Characteristic Kind Lower 
level 

Upper 
level 

Bottom 
depth 

Top 
depth 

Mid-
depth 

Reference Age (Ma) Reference biozonation scheme 

FAD Denticulopsis 
maccolummii; 

Diatoms 50R-2W, 
26-29 cm 

50R-1W, 
88-92 cm 

521.91 521,08 52.49 López-Quirós 
et al. (in prep.) 

16.5-16.7 Harwood and Maruyama (1992); 
Ramsay and Baldauf (1999); Censarek 
and Gersonde (2002) 
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FAAD Actinocyclus 
ingens 

Diatoms 50R-2W, 
26-29 cm 

50R-1W, 
88-92 cm 

521.91 521,08 521.49 López-Quirós 
et al. (in prep.) 

16.5-16.7 Harwood and Maruyama (1992); 
Ramsay and Baldauf (1999); Censarek 
and Gersonde (2002) 

FO Chiropteridium 
Galea 

Dinocysts 53R-3W, 
80 cm 

53R-2W, 
130 cm 

552.70 551.70 552.20 Houben et al. 
2012 

<33.6 Pross et al. (2010) 

FO Malvinia 
escutiana 

Dinocysts 55R-1W, 
117 cm 

55R-1W, 
62 cm 

569.39 568.82 569.11 Houben et al. 
2012; 2013 

33.7 Houben et al. (2011) 

FO Stoveracysta 
kakanuiensis 

Dinocysts 55R-3W, 
75 cm 

55R-2W, 
147 cm 

571.95 571.16 571.55 Houben et al. 
2012; 2013 

34.1 Clowes (1985) 

FO Reticulofenestra 
oarnaruensis 

Calcareous 
nannofossils 

58R-1W, 
122 cm 

57R-1W, 
112 cm 

598.42 588.72 588.72 Wei and Wise, 
1990 

~35.5 Villa et al. (2008) 

FCO Istmolithus 
recurvus 

Calcareous 
nannofossils 

60R-1W, 
36 cm 

59R-CC 616.96 616.6 616.78 Wei and Wise, 
1990 

36.27 Villa et al. (2008) 

FO Reticulofenestra 
bisecta 

Calcareous 
nannofossils 

62R-6W, 
132 cm 

- 643.62 - 643.62 Wei and Wise, 
1990 

<37.61 Villa et al. (2008) 

          

 
  



Supplementary Table 2: Biostratigraphic datums summarised for the depth of the stratigraphic 

discontinuities.with sediment reflectors from (Pérez et al., 2021) 

 

Type Event Taxa 
Published 

Age 
(Ma) 

Top Bottom 
Mid 

depth  
(mbsf) 

Hole U1536E   
Reflector-b        

DIAT LO Fragilariopsis 
praeinterfrigidaria 3.5 4R-CC 5R-CC 366.37 

DIAT FO Rhizosolenia harwoodii 3.6 4R-CC 5R-CC 366.37 
RAD LO Lampromitra coronata 3.72 4R-CC 5R-CC 366.37 
DIAT LO Fragilariopsis aurica 4.2 7R-CC 9R-CC 403.065 
DIAT LO Fragilariopsis praecurta 4.2 7R-CC 9R-CC 403.065 
DIAT FO Fragilariopsis barronii 4.4 7R-CC 9R-CC 403.065 
DIAT LO Denticulopsis delicata 4.45 7R-CC 9R-CC 403.065 
DIAT LO Fragilariopsis arcula 4.5 7R-CC 9R-CC 403.065 
DIAT LO Fragilariopsis curta 4.7 7R-CC 9R-CC 403.065 
RAD FO Helotholus vema 4.59 7R-CC 9R-CC 403.065 

Reflector-c       

PALY FO Operculodinium? 
eirikianum 8.4 26R-CC 27R-CC 574.8025 

DIAT FO Fragilariopsis aurica 8.4 30R-CC 31R-CC 613.245 
DIAT FO Denticulopsis simonsenii 14.2 31R-CC 32R-CC 622.58 
DIAT LO Denticulopsis maccollumii 14.3 31R-CC 32R-CC 622.58 
PALY FO Impagidinium patulum 15.97 31R-CC 32R-CC 622.58 

 
Supplementary Table 3: GDGT results Site 696 (attached as separate table)  
 
Supplementary Table 4: GDGT results SiteU1536 (attached as separate table) 



 

 
Figure S3. Site 696 TEX86 calibration comparison. 
 

 
 
Figure S4. Site U1536 TEX86 calibration comparison.  
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