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ABSTRACT 16 

A robust understanding of past oceanographic variability in the Southern Ocean is important 17 

because of its role in modulating global climate change. Here we analyzed the distributions of 18 

isoprenoid glycerol dialkyl glycerol tetraethers (GDGTs), both non-hydroxylated and the 19 

more recently discovered hydroxylated ones, in a well studied 500 kyr sediment record (core 20 

PS2489-2) from the Atlantic sector of the Southern Ocean and reconstructed past sea surface 21 

temperature. Given the uncertainty in the GDGT temperature indices, we appraised existing 22 

calibrations by comparing them with other temperature proxies and cold-water mass 23 

indicators determined from the same core. None of the existing calibrations afforded 24 

temporal trends and/or absolute values consistent with other better constrained temperature 25 

proxies. Using an extended compilation from a global core top hydroxylated GDGT data set, 26 

we examined if the disagreement might stem from the calibration data set and the definition 27 

of the GDGT indices. Among the new GDGT indices tested, the OHC index (an extended 28 

TEX86 index modified similarly to the UK37 index) and OHL (including a log function similar 29 

to TEX86
L) showed temporal variability that was the most consistent with other proxies. 30 

However, they also gave unrealistic sub-zero glacial temperature values, which may have 31 

been caused by a biased calibration due to the small calibration data set, and/or a shift in 32 

production or export depth of GDGTs during glacial stages which, in turn, result in a GDGT-33 

temperature relationship different from that during the interglacial stages.   34 
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be a suitable tool for paleotemperature reconstruction in these subpolar regions. An exception 66 

would be the application of TEX86 proxies in the vicinity of Siberian river mouths and sea ice 67 

margins, or sites with a potentially substantial contribution from methanogenic and/or 68 

methanotrophic Archaea. Nonetheless, both Kim et al. (2010) and Ho et al. (2014) found 69 

considerable scatter in the TEX86 and TEX86
L vs. SST correlations, which led to a large 70 

uncertainty in the estimated paleotemperature values.  71 

Recently, structurally different GDGTs, i.e. isoprenoid hydroxylated GDGTs (OH-GDGTs), 72 

which biosynthetically could originate from both Euryarchaeota and Thaumarchaeota, were 73 

reported to occur widely in marine surface sediments (Liu et al., 2012a). OH-GDGTs occur 74 

in low abundance in low latitude or warm water. For instance, only 1% relative to the total 75 

isoGDGTs had been found in the tropical North Pacific (Xie et al., 2014) and up to 8% in 76 

tropical and temperate regions (Liu et al., 2012a). A higher abundance was observed in high 77 

latitude or cold water (Huguet et al., 2013). A study, combining water column particulate 78 

matter and sedimentary material, has suggested that the contribution of OH-GDGTs to the 79 

total isoGDGT pool (%OH) could be used as a new paleothermometer (Huguet et al., 2013). 80 

Fietz et al. (2013) observed that %OH and changes in the OH-GDGT cyclopentane moieties 81 

in the water column and core top samples were related to the influence of cold water masses 82 

in the Fram Strait (Atlantic Arctic). Fietz et al. (2013) also observed that along a 42 cm 83 

sediment core section spanning ca. the past 2000 years from the Atlantic Arctic, both %OH 84 

and changes in the OH-GDGTs cyclopentane moieties correlated significantly with the 85 

percentage contribution of the C37:4 alkenone to the total C37 alkenone pool (%C37:4), an 86 

indicator of cold polar water (Rosell-Melé, 1998). The TEX86 and TEX86
L indices, in 87 

contrast, provided unrealistic temporal changes and SST estimates for the Fram Strait core 88 

(Fietz et al., 2013). SST changes derived from %OH also corroborated the historic Arctic sea-89 

ice development obtained from the molecular sea-ice indicator, IP25 (Knies et al., 2014).  90 
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sediments from the temperate-tropical regions were manually divided into apolar and polar 137 

fractions using activated silica gel or activated alumina and sequentially eluted with mixtures 138 

of hexane:DCM and DCM:MeOH as eluents (Huguet et al., 2013). For the Arctic (Huguet et 139 

al., 2013) and the Pacific Southern Ocean (Ho et al., 2014) samples, a high performance 140 

liquid chromatography (HPLC) system equipped with a LiChrospher silicon dioxide column 141 

was used for the separation of apolar and polar fractions from the total extracts. All filtered 142 

extracts (core tops and PS2489-2 samples) were examined using HPLC-mass spectrometry 143 

with atmospheric pressure chemical ionization (LC-APCI-MS) equipped with a Tracer Excel 144 

Cyano column.  145 

Detection of iso- and OH-GDGTs was done in single ion monitoring (SIM) mode of [M+H] + 146 

± 0.5 m/z. Target compounds were GDGT-0 (m/z 1302), GDGT-1 (m/z 1300), GDGT-2 (m/z 147 

1298), GDGT-3 (m/z 1296), and crenarchaeol and its regioisomer (m/z 1292) for non-148 

hydroxylated isoGDGTs. OH-GDGTs are detectable with the same SIM scans as the 149 

isoGDGTs since, under APCI conditions, the OH-GDGTs easily dehydrated to give [M+H-150 

18]+ (Liu et al., 2012a,b). Hence OH-GDGT-0, for instance, with m/z at 1318 is detectable at 151 

m/z 1300. OH-GDGTs were determined at m/z 1300 (OH-GDGT-0), m/z 1298 (OH-GDGT-152 

1) and m/z 1296 (OH-GDGT-2). Examples of OH-GDGT relative retention times (i.e. later 153 

elution in our LC-MS system) are given by Huguet et al. (2013) and Fietz et al. (2013).The 154 

structures of OH-GDGTs are described in detail by Liu et al. (2012a,b). The assignment of 155 

the OH-GDGTs using our routine analytical system is described in detail by Huguet et al. 156 

(2013) and Fietz et al. (2013). OH-GDGT assignment for the Pacific Southern Ocean surface 157 

sediments and in core PS2489-2 was carried out identically. Briefly, the OH-GDGT 158 

assignment was based on (i) fragmentation patterns consistent with isoGDGTs as shown by 159 

Hopmans et al. (2000), (ii) relative retention times between GDGT-0, crenarchaeol, branched 160 

GDGTs and OH-GDGTs consistent with those described by Liu et al. (2012b), (iii) exact 161 
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are regressed against atlas SST and the combination giving the strongest correlation with SST 185 

is chosen as the temperature index. Following this approach, we tested the GDGT 186 

combinations of two GDGT pools defined as: 187 

(a) Pool 1 (210 combinations), consisting of all TEX86 GDGTs, i.e. GDGT-1, GDGT-2, 188 

GDGT-3 and crenarchaeol regioisomer.  189 

(b) Pool 2 (16002 combinations), consisting of all TEX86 GDGTs and all OH-GDGTs, i.e. 190 

GDGT-1, GDGT-2, GDGT-3, crenarchaeol regioisomer, OH-GDGT-0, OH-GDGT-1 and 191 

OH-GDGT-2. 192 

3. Results and discussion  193 

3.1. G-IG changes in GDGT distributions and temperature proxies 194 

The G-IG oscillation in OH-GDGT abundance throughout the past 500 kyr mirrored that of 195 

other biomarkers, including isoGDGTs, alkenones and chlorins, the latter reflecting overall 196 

phytoplankton productivity (Harris et al., 1996), with higher abundance during glacial stages 197 

(Fig. 2). Despite the general similarity in increased GDGT abundance during glacial periods, 198 

the relative abundance of OH-GDGTs to isoGDGTs, the %OH index (Section 2.3), also 199 

showed G-IG cycles, with higher relative abundances during glacial stages (Fig. 2F). The 200 

relative abundances of GDGT-0, -1, -2 and crenarchaeol (GDGT-5) correlated significantly 201 

with SST derived from UK37 for PS2489-2 (SSTUK37; Martínez-García et al., 2009), while 202 

OH-GDGT-0 and -1 showed significant negative correlations (Table 1; Supplementary 203 

material Fig. S1A). Comparison with SSTUK37 was chosen over comparison with summer 204 

temperature derived from foraminifera (SSSTforam; Becquey and Gersonde, 2003) to allow a 205 

direct proxy comparison since both GDGTs and alkenones in the same samples were 206 

analysed, while foraminifera in different sediment depth sections were analysed.  207 
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reconstruction from core PS2489-2. To address this issue, we extended the data set by 281 

combining the data from the global core top calibration (Huguet et al., 2013) and new data 282 

from the Southern Ocean (Fig. 1; Table S1). In this new core top data set, relative abundances 283 

of all iso- and OH-GDGTs show strong correlation with atlas SST (Table 1B; Fig. S1B). The 284 

resultant regression of %OH vs. atlas SST in the new data set (SST%OHnew, Eq. 4 in Table S2) 285 

is similar to that for the previous global calibration (Eq. 2). Therefore, applying it to PS2489-286 

2 results in similar temporal trends (Fig. 4E) to SST%OH global (Fig. 4C) and those for %C37:4 287 

(Fig. 4F). Again, the new calibration produces unrealistic sub-zero estimates (Fig. 4E).  288 

Combinations of iso- and OH-GDGTs were then regressed against atlas SST to find the 289 

combination with the best correlation following the empirical approach of Kim et al. (2010).  290 

Different GDGT pools (Section 2.3) result in different best GDGT-temperature indices 291 

(Table S3). Despite the strong correlation of Pool 1 and Pool 2 indices with overlying SST in 292 

surface sediments (r2 0.87 and 0.92, respectively; Table 3 and Eqs. 5 and 6 in Table S2), they 293 

do not show the G-IG trends observed for alkenones and foraminifera from PS2489-2 (Figs. 294 

6A-C) and, like TEX86, Pool 1 does not correlate with SSTUK37 from PS2489-2 (Fig. 5). 295 

Furthermore, we note that the correlation of Pool 1 and Pool 2 indices with temperature is not 296 

significantly greater than subsequently ranked indices (with r2 values difference < 0.001; 297 

Table S3), so a statistical justification for the preference of these indices is lacking.  298 

As the above empirical approach fails to produce indices (that determine the reconstructed 299 

temporal trends) and calibrations (that determine the reconstructed temperature values) which 300 

result in expected G-IG changes in the sediment record, we explored here two indices based 301 

on the a priori observation that the OH-GDGT relative abundances are related to low 302 

temperature, as derived from the correlations with %C37:4, %N. pachyderma, Antarctic Dome 303 

C temperature changes and SSTUK37. The first index (OHL) uses the %OH index with a log 304 

function similar to TEX86
L (Eq. 7 in Table S2). The second index (OHC) corresponds to an 305 
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than SSTUK37 and SSSTforam values (Fig. 6C-D). Adopting the subsurface provenance 331 

assumption suggested by Kim et al. (2012), we further re-calibrated our new core top data set 332 

to seawater temperature values integrated over the upper 0-200m (Fig. S3), which resulted in 333 

similar G-IG temperature variation as that inferred from the SST calibration (Fig. 6C-D). As 334 

the SST and 0-200 m calibrations are similar for temperature values < 10 °C (Fig. S3), the 335 

effect of such a re-calibration is therefore minor for the temperature range from core PS2489-336 

2. In the following section, we discuss possible causative factors for sub-zero glacial 337 

temperature and large amplitude of the G-IG temperature change as inferred from OH-GDGT 338 

calibrations.  339 

 340 

3.4. Why are OH-GDGT temperature values much colder than temperatures derived from 341 

alkenones and foraminifera during glacials?  342 

In summary, at site PS2489-2, TEX86, TEX86
L and Pool 1 indices do not yield G-IG trends 343 

consistent with other proxies. In contrast, Pool 2, %OH, OHC and OHL indices show G-IG 344 

oscillations consistent with other proxies, but the values are unrealistic, especially during 345 

glacial stages where the estimated temperature values are too cold. Calibrating the index 346 

values to seasonal or subsurface water temperature does not improve the reconstructed 347 

temperature values. Our calibration might simply be unsuitable for quantifying G-IG water 348 

temperature at the site, plausibly caused by a limited range of index values. The subzero 349 

glacial OH-GDGT derived temperatures correspond to OH-GDGT index values that are 350 

beyond the index values observed in the modern core tops, so are in fact based on an 351 

extrapolation of the core top calibrations.  352 

The resemblance between BIT index (Fig. 3G) and the SST%OH global record (Fig. 4C) might 353 

indicate a (partly) terrestrial origin for the OH-GDGTs, which could bias the seawater 354 
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temperature reconstruction. However, the BIT and OH% indices (Fig. 2F) are negatively 355 

correlated (R = -0.6, n = 116); the contribution of the OH-GDGTs is highest during the cold 356 

glacial periods, when the BIT index is lowest. As mentioned above, the latter is mainly due to 357 

low interglacial crenarchaeol concentration rather than high interglacial terrestrial input. In 358 

contrast, the OH%-index does vary similarly in time with the dust and IRD input; the 359 

contribution of the OH-GDGTs is highest during the cold glacial periods, when the IRD and 360 

dust inputs are the highest. This indeed might suggest an eolian or ice edge related 361 

provenance. Huguet et al (2013) found OH-GDGTs in both marine and fresh water settings. 362 

A study in the Yellow Sea showed, however, that a large input of terrigenous organic matter 363 

to the Yangtze Estuary had no significant influence on the OH-GDGT based proxy (Lü et al., 364 

2015). As Lü et al (2015) point out, OH-GDGTs have only been found in the marine 365 

thaumarchaeal group I.1a (Pitcher et al. 2011; Liu et al., 2012a; Elling et al., 2014, 2015), but 366 

not in terrestrial thaumarchaeal group I.1b (Sinninghe Damsté, 2012). Hence, a terrestrial 367 

origin of the OH-GDGTs yet remains to be demonstrated. Consequently, the apparent 368 

resemblance between the BIT and the SST%OH global  may be due to unrelated G-IG 369 

environmental changes instead of a causal link between these parameters. We recommend 370 

that the sources of the OH-GDGTs be further evaluated in future studies. 371 

Another plausible explanation could be due to a difference in the recording season between 372 

alkenone producing Haptophyceae, foraminifera and GDGT producing Archaea. The core top 373 

UK
37 record at our site (Martínez-García et al., 2009) corresponds to warm season SST 374 

values, likely because alkenones are produced primarily during warm seasons when their 375 

production is not limited by light. Foraminiferal assemblages derived SST is calibrated to 376 

summer SST. In contrast, winter peak abundances of pelagic Thaumarchaeota and/or GDGTs 377 

have been observed in polar (Alonso-Saez et al., 2012) and other oceanic regions (e.g. 378 

Wuchter et al., 2005; Galand et al., 2010; Bale et al., 2013). However, at site PS2489-2, the 379 
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We cannot, however, eliminate the possibility of a shift in the recording and export depth 405 

between glacials and interglacials, as the cause of subzero temperature estimates and a large 406 

amplitude of G-IG temperature oscillation. Marine Archaea may shift their habitat during 407 

glacials to greater depth, for instance seeking refuge at greater depth against increasing 408 

competition with growing phytoplankton or due to a deepening of export depth. From TEX86 409 

values of suspended particulate matter in the Santa Barbara Basin, Huguet et al. (2007) 410 

speculated that marine Archaea thrive at different water depths throughout the year, implying 411 

a temporally varying habitat depth for the marine Archaea. Assuming that such a habitat shift 412 

also occurs on longer time-scale, we postulate that marine Archaea may also live at different 413 

water depths through G-IG cycles. A deeper export depth of GDGTs during the Last Glacial 414 

Maximum in the eastern tropical Pacific was recently proposed by Hertzberg et al. (2016), 415 

based on the comparison of TEX86
H temperatures with Mg/Ca-derived estimates measured on 416 

sea surface foraminifera and thermocline-dwelling foraminifera.  417 

Finally, the relative contribution of shallow and deep water GDGTs to the sedimentary 418 

GDGT pool may also vary over G-IG cycles and this might explain why the glacial OH-419 

GDGT values are beyond their modern global range in surface sediments. Under these 420 

circumstances, two different calibrations for interglacials and glacials, in accord with the 421 

marine archaeal habitat or export depth, would be needed in order to obtain realistic G-IG 422 

temperature variations. This requires, however, a much better understanding of the ecology of 423 

the OH-GDGT producing organisms and the GDGT export mechanisms in time and space.  424 

 425 

4. Conclusions 426 

TEX86 does not reproduce glacial-interglacial temperature changes recorded by other proxies 427 

at site PS2489-2 in the Subantarctic Atlantic over the last 500kyr. In contrast, TEX86
L 428 
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temperature estimates are within the range of those inferred from alkenones and foraminifera 429 

proxies, although their G-IG temporal trends differ. However, the temporal variability in the 430 

percentage of OH-GDGTs is in good agreement with that of cold water mass indicators, 431 

%C37:4 and %N. pachyderma, as well as partially with dust deposition and IRD input. We 432 

therefore include the OH-GDGT in the temperature index and empirically derived and tested 433 

several indices based on an extended global core top data set. The OH-GDGT derived SST 434 

estimates are in good agreement with the temporal variability in foraminifera and alkenone 435 

SST throughout the 500 kyr record at PS2489-2. The best match of a OH-GDGT derived 436 

proxy with estimates from other approaches was observed for the new OHC and OHL index, 437 

where OHC is a modified TEX86 index, by subtracting the assumed cold water end member 438 

OH-GDGT-0 from the numerator and OHL includes a log function similar to TEX86
L. The 439 

OHC and OHL indices may therefore potentially be used as a temperature proxy in the 440 

Southern Ocean, providing an alternative or complement to established proxies. Nevertheless, 441 

since the reconstructed OH-GDGT glacial temperature values are unrealistic, these indices 442 

should be further scrutinized and improved through laboratory culture experiments, a larger 443 

calibration data set and more down core applications, as well as a better understanding of 444 

OH-GDGT provenance and sedimentation.    445 
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Table 3 654 

Core top GDGT indices correlated with (A) atlas annual mean SST (SSTWOA 0m), as well as 655 

(B) summer SST (SSSTWOA 0m) and (C) subsurface temperature integrated over 0-200 m 656 

(SSTWOA 0-200m) at core top sites (see Fig. 1). All temperature data are from World Ocean 657 

Atlas 09 (Locarnini et al., 2010). Pools 1 and 2 indicate two different GDGT pools, i.e. Pool 658 

1, All TEX 86 GDGTs; Pool 2, All TEX 86 GDGTs plus all OH-GDGTs. OHC and OHL indicate 659 

indices modified with a priori observation that relative abundance of OH-GDGTs is related to 660 

cold water. The OHC-index is a modified TEX86 index by subtracting the assumed cold water 661 

end member OH-GDGT-0 from the numerator (Table S2). The OHL-index is the %OH with a 662 

log function similar to TEX86
L (Table S2). Regression plots and equations are shown in Fig. 663 

S3; rse, residual standard error.  664 
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(A) vs. SSTWOA 0m r2 rse p 

TEX86 0.780 0.059 < 0.0001 

TEXL
86 0.858 0.048 < 0.0001 

%OH 0.740 1.150 < 0.0001 

Pool 1 0.873 0.257 < 0.0001 

Pool 2 0.916 0.094 < 0.0001 

OHC 0.882 0.104 < 0.0001 

OHL 0.736 0.128 < 0.0001 

        

(B) vs. SSSTWOA 

0m 
r2 rse p 

TEX86 0.738 0.065 < 0.0001 

TEXL
86 0.843 0.050 < 0.0001 

%OH 0.777 1.066 < 0.0001 

Pool 1 0.868 0.262 < 0.0001 

Pool 2 0.912 0.096 < 0.0001 

OHC 0.882 0.104 < 0.0001 

OHL 0.761 0.121 < 0.0001 

        

(C) vs. SSTWOA 0-

200m 
r2 rse p 

TEX86 0.745 0.064 < 0.0001 

TEXL
86 0.836 0.051 < 0.0001 

%OH 0.713 1.208 < 0.0001 

Pool 1 0.853 0.276 < 0.0001 

Pool 2 0.881 0.112 < 0.0001 

OHC 0.846 0.119 < 0.0001 

OHL 0.689 0.138 < 0.0001 
  665 
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and SSSTforam (light gray lines) in the background at the same scale as respective GDGT-SST 741 

or -subSST. Shaded background rectangles indicate glacial stages with numbers above 742 

shaded rectangles indicating respective marine isotopic stages (MISs) following the definition 743 

of Lisiecki and Raymo (2005). 744 
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Figures S1 to S3 
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Introduction   
Our compilation contains 52 surface sediment samples. The Support Information contains 
the core-top data in Table S1 including where data were published previously. The 
samples were taken from three sample batches: (i) tropical-temperate from our archives 
(details given by Huguet et al., 2013), (ii) Arctic Ocean collected during R/V Polarstern 
expedition ARK-XXIII/1 (Huguet et al., 2013), and (iii) Pacific Southern Ocean collected 
during R/V Polarstern voyage ANT-XXVI/2 (as described by Ho et al., 2014). These 
core-top data and the data for sediment core PS2489-2 will be made available through 
Pangaea, Data Publisher for Earth & Environmental Science, www.pangaea.de. Site 
location for surface sediments and PS2489-2 are shown in the main article Figure 1.  

Table S2 shows all alternative OH-GDGT-based indices tested in this study including 
their calibrations against WOA09-SST. These calibrations are used in the plots shown in 
Figure 6 of the main manuscript.  

Table S3 shows the top five combinations which have the strongest correlation with 
WOA09-SST for two pools of GDGTs (where Pool 1 consists of only TEX86 GDGTs and 
Pool 2 of TEX86 GDGTs and OH-GDGTs; Sections 2.3 and 3.3 of the main manuscript).  

Figures S1A and S1B show the correlations between the relative abundances of each 
GDGT with modern SST or with paleotemperature derived from alkenones. Each GDGT 
is labelled according to their number of rings, e.g. GDGT-0 is the acyclic GDGT with m/z 
1302. This naming convention follows previous GDGT calibration studies, such as Kim 
et al. (2010) and Ho et al. (2014).  GDGT-5 is crenarchaeol and GDGT-5�¶���W�K�H��
crenarchaeol regioisomer. Structures for the isoprenoid GDGTs are given, for instance, 
by Kim et al. (2010). Labelling of OH-GDGTs follows similar logic with OH-GDGT-0 
being acyclic while OH-GDGT-1 has 1 ring etc. Structures for OH-GDGTs are given by 
Liu et al. (2012) and Huguet et al. (2013). 

Figure S2 visualizes the difference between the modelled temperature based on OH-
GDGT indices and SSTUK37 ���û�6�6�7�����qC) = SSTOH% - SSTUK37) indicating the SST 
underestimation using the GDGT-paleothermometry compared to the alkenone-
paleothermometry.  

Figure S3 shows the correlation between the core-top GDGT indices and modern water 
temperature at the sea surface (annual mean or summer) and integrated over the upper 
200 m water column.  

http://www.pangaea.de/
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Figure S1A. GDGT fractional abundances (frac; out of total pool of isoprenoidal 
GDGTs) vs. SSTUK37 (data from Martínez-García et al., 2009) from PS2489-2 record. 
Regression statistics (i.e. r and p values) are given in main article Table 1A. 
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Figure S1B. GDGT fractional abundances (frac; out of total pool of isoprenoidal 
GDGTs) vs. SST (�qC) extracted from World Ocean Atlas 09 (SSTWOA; Locarnini et al., 
2010). Correlation statistics (i.e., r and p values) are given in main article Table 1B. 
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Figure S2. Difference between the modelled temperature based on OH-GDGT 
indices and SSTUK37 ���ûSST (�qC) = SSTOH%  - SSTUK37). The OH-GDGT based 
temperatures were calculated using (B) global calibration (Huguet et al., 2013) or (C) 
Arctic calibration (Fietz et al., 2013)�������1�H�J�D�W�L�Y�H���ûSST (�qC) indicate underestimation of 
SST using OH-�*�'�*�7�V�����Z�K�L�O�H���S�R�V�L�W�L�Y�H���ûSST (�qC) indicate overestimation of SST using 
OH-�*�'�*�7�������7�K�H���ûSST for newly proposed SSTOHC and SSTOHL are also shown (panels 
D and E). Thicker curves denote three point running averages. The SSTOH% global almost 
consistently underestimates SSTUK37 during glacial periods, and overestimates most of 
the interglacial warmer SSTUK37. SSTOH% Arctic, SSTOHC and SSTOHL produce lower SST 
than UK

37 throughout the 500k yr PS2489-2 record. 
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Figure S3. Core-top GDGT indices correlated to water temperature: Correlations 
between GDGT-indices and atlas water temperatures at core top sites for annual mean at 
0 m (black crosses), for summer mean at 0 m (pink crosses) and annual mean integrated 
over 0-200 m (blue crosses). All temperature data are derived from World Ocean Atlas 09 
(Locarnini et al., 2010). Pool 1 and 2 indicate two different GDGT pools, i.e. Pool 1, all 
TEX86 GDGTs and Pool 2, all TEX86 GDGTs plus all OH-GDGTs. OHC and OHL 
indicate indices modified with a priori observation that relative abundance of OH-
GDGTs is related to cold water. The OHC-index is a modified TEX86 index by subtracting 
the assumed cold water end member OH-GDGT-0 from the numerator. The OHL-index is 
the OH% with a log function similar to TEX86

L. Regression statistics (i.e. rse and p 
values) are given in the main text Table 3. 
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Table S1. Station coordinates; WOA09 derived annual mean SST, sum of all isoprenoid 
GDGT (including hydroxyl and non-hydroxylated GDGTs) and fractional abundance of 
each GDGT. The iso- and OH-GDGT data from tropical-temperate and Arctic core tops 
as well as some Pacific Southern Ocean core tops were previously used by Huguet et al. 
(2013). The isoGDGT data from the Pacific Southern Ocean core tops are published by 
Ho et al. (2014) and most OH-GDGTs are newly added here. To prevent bias on the 
statistical analysis due to analytical errors associated with samples of low GDGT 
abundance, we used only samples wherein all nine GDGTs are detected.  
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[continued on next page] 
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 Table S2: Alternative OH-GDGT indices and calibrations applied in Fig. 6 (main 
manuscript). Numbers for nominator and denominator refer to 0 �± GDGT-0 (m/z 1302, 
caldarchaeol), 1 �± GDGT-1 (m/z 1300), 2 �± GDGT-2 (m/z 1298), 3 �± GDGT-3 (m/z 
1296), 5 �± GDGT-5 (m/z 129�������F�U�H�Q�D�U�F�K�D�H�R�O���������¶�± GDGT-���¶����m/z 1292, crenarchaeol 
regioisomer), 0* �±  OH-GDGT-0 (m/z 1318), 1* �±  OH-GDGT-1 (m/z 1316), 2* �± OH-
GDGT-2 (m/z 1314).  For all regressions we refer the reader to Fig. S3 for the plots and 
Table 3 (main manuscript) for statistics. See table S2 for more details on Pool 1 and Pool 
2 best indices.  
 
 
Eq. Regression R2 
   
4 SST%OH new = (%OH �± 6.68)/(-0.181) 0.74 
 
Description: Regression of %OH vs. atlas SST in the newly compiled core top data set  

   
5 Pool 1 best index = -0.0628 x SSTWOA + 2.45 0.87 
 
Description: Pool 1 best index = (1 + 3)/(2 + 3).  

   
6 Pool 2 best index = 0.0290 x SSTWOA + 0.574 0.92 
 
Description: Pool 2 best index = (2 + 3 + ���¶��������*+ 2*) /(2 + 3+ 0* ) 

   
7 OHL = -0.0199 x SSTWOA �± 1.17 0.74 
 
Description: OHL index = log10[(�6OHGDGT)/(�6isoGDGT+�6OHGDGT)] 

   
8 OHC = 0.0266 x SSTWOA - 0.144 0.88 
 
Description: OHC index = (2 + 3 + ���¶��- 0*) /(1 + 2 + 3 + 5�¶�������6OHGDGT) 
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Table S3. Correlation of GDGT combinations with WOA09-SST (Locarnini et al., 2010) 
for two pools of GDGTs. All correlations reported here have p values < 0.001. Numbers 
for nominator and denominator refer to 0 �± GDGT-0 (m/z 1302, caldarchaeol), 1 �± 
GDGT-1 (m/z 1300), 2 �± GDGT-2 (m/z 1298), 3 �± GDGT-3 (m/z 1296), 5 �± GDGT-5 
(m/z 129�������F�U�H�Q�D�U�F�K�D�H�R�O���������¶�± GDGT-���¶����m/z 1292, crenarchaeol regioisomer), 0* �±  OH-
GDGT-0 (m/z 1318), 1* �±  OH-GDGT-1 (m/z 1316), 2* �± OH-GDGT-2 (m/z 1314).  
The combinations of the two GDGT pools are defined as: 
(a) Pool 1 (210 combinations), consisting of all TEX86 GDGTs, i.e. GDGT-1, GDGT-2, 
GDGT-3 and crenarchaeol regioisomer.  
(b) Pool 2 (16002 combinations), consisting of all TEX86 GDGTs and all OH-GDGTs, 
i.e. GDGT-1, GDGT-2, GDGT-3, crenarchaeol regioisomer, OH-GDGT-0, OH-GDGT-1 
and OH-GDGT-2. 

 
 

Pool 1 
   Rank r2 Numerator Denominator 

1 0.873 1+3 2+3 
2 0.872 1+2+3 2+3 
3 0.872 1 2+3 
4 0.866 1+3+5' 2+3+5' 
5 0.866 1+5' 2+3+5' 

    Pool 2 
   Rank r2 Numerator Denominator 

1 0.916 2+3+5'+1*+2* 2+3+0* 
2 0.915 2+3+5'+1* 2+3+0* 
3 0.912 2+3+4'+1*+2* 2+3+0*+2* 
4 0.911 2+3+5'+2* 2+3+0* 
5 0.910 5'+1*+2* 3+5'+0* 

 


