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Abstract: 

The Last Interglacial period (LIG) is Earth’s most recent globally warm period and is analogous 

in some ways to projected future global warming. However, questions remain regarding the state 

of the climate during the LIG in the North Atlantic, a region that is extremely sensitive to 

changes in oceanic and atmospheric circulation. Here, we present hydrogen and carbon isotope 

(δD and δ13C) records from a suite of plant wax biomarkers preserved in Holocene and LIG 

lacustrine sediments from the North Atlantic Faroe Islands and interpret them as qualitative 

proxies for temperature and hydroclimate variability. These data are used to directly compare 

LIG and Holocene climate using the same proxy approaches from the same terrestrial location. 
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Measuring multiple isotopes on multiple types of waxes elucidates the sources of homologous 

plant waxes. We deduce that the δD values of long-chain n-alkanes (C27-C33) and mid-chain n-

alkanes (C23-C25) in these sedimentary archives reflect leaf water and lake water δD values, 

respectively, while the δD values for both long-chain (C28-C30) and mid-chain n-alkanoic acids 

(C24-C26) primarily represent lake water δD values. Plant wax-inferred δD values of precipitation 

during the early Holocene (10,100 to 8,200 cal yr BP) are ~35‰ more positive than late 

Holocene values, and decline over the Holocene. δD-inferred hydrologic change and δ13C -

inferred plant water use efficiency both indicate that the Faroe Islands became drier throughout 

the Holocene. Comparison with measurements from LIG plant waxes indicates that late LIG in 

the Faroe Islands was hydrologically similar to the early- to mid-Holocene (8,200 to 4,000 cal yr 

BP), with enriched precipitation isotopes and reduced evapotranspiration indicating a warmer, 

wetter environment.  

 

Keywords:  Paleoclimatology; Holocene; Interglacial; North Atlantic; Organic Geochemistry; 

Stable Isotopes 
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1. Introduction 1 

 2 

To better understand how Earth’s climate system will respond to anthropogenic warming, it is 3 

important to document climate patterns during warm periods of Earth’s history. The Last 4 

Interglacial period (LIG; ~130 ka to 116 ka) was warmer than the preindustrial period in most 5 

regions (CAPE-Last Interglacial Project Members, 2006; Kukla et al., 2002; McKay et al., 2011; 6 

Otto-Bliesner et al., 2013; Turney and Jones, 2010), and is analogous in some ways to future 7 

warming scenarios. Climate reconstructions for the LIG have been developed using a variety of 8 

climate proxies from terrestrial and marine archives (Figure 1) (Axford et al., 2009; Bauch et al., 9 

1999; Björck et al., 2000; Cortijo et al., 1994; De Beaulieu and Reille, 1992; Kühl and Litt, 10 

2003; Mangerud et al., 1981; Mcfarlin et al., 2018; Salonen et al., 2018; Shackleton et al., 2003; 11 

Zagwijn, 1996 and others). However, the magnitude of warming relative to modern temperature 12 

and the hydrological conditions of the terrestrial North Atlantic region during the Holocene and 13 

LIG have not been well documented.  14 

 15 

Amplification of warming at high latitudes makes understanding the climatic conditions of the 16 

North Atlantic and Arctic during past warm periods particularly important (Holland and Bitz, 17 

2003; Manabe and Stouffer, 1980; Serreze and Francis, 2006). Furthermore, deep water 18 

convection in the northern North Atlantic and Nordic Seas region is a critical component of the 19 

Atlantic Meridional Overturning Circulation and oceanographic changes in the North Atlantic 20 

have been linked to abrupt climate changes globally (e.g. Younger Dryas, 8.2 ky event, Bond 21 

events, Dansgaard-Oeschger cycles) (Behl and Kennett, 1996; Broecker et al., 1990; Clark et al., 22 

2002; Peterson et al., 2000; Wang et al., 2001). Most of our current understanding of LIG  23 
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Figure 1. Map of the North Atlantic region, marked with published full-Holocene (green circle) 24 

and LIG (yellow square) quantitative paleotemperature records (locations from Kaspar et al., 25 

2005; Turney and Jones, 2010; Marcott et al., 2013; Sundqvist et al., 2014; Marsicek et al., 26 

2018). Inset is the Faroe Islands, with a green star marking lake Eiðisvatn, yellow star marking 27 

the Klaksvík LIG section, red star marking the location of the instrumental climatological record, 28 

and blue stars marking the three locations where modern lake water isotope samples were taken. 29 

Red arrows and labels show warm surface ocean currents (NAD: North Atlantic Drift, FC: 30 

Faroes Current, IC: Irminger Current), while blue arrows and labels show cold surface currents 31 

(EGC: East Greenland Current, EIC: East Iceland Current). Black dashed line marks the Faroe-32 

Iceland Front 33 

  34 



 5

conditions in the North Atlantic region comes from marine sediment records, which do not 35 

document terrestrial climate. While terrestrial paleorecords from Europe suggest that LIG 36 

temperatures were 2-3°C warmer than modern (Kaspar et al., 2005), records of sea surface 37 

temperatures are inconsistent regarding the difference in temperature between the LIG and 38 

Holocene. Some marine records show LIG temperatures up to 10°C warmer than modern or 39 

preindustrial temperatures (Bauch et al., 1999; CLIMAP Project Members, 1984; Oppo et al., 40 

2006), others suggest mean annual temperatures were as much as 2.6°C cooler during the LIG 41 

(Bauch et al., 1999; CLIMAP Project Members, 1984), and still others indicate no difference at 42 

all (Cortijo et al., 1994). It is still unclear if the large differences in LIG temperature 43 

reconstructions are due to uncertainties in the climate proxies or actual regional differences in 44 

LIG temperatures. Modeling studies of LIG temperatures also yield conflicting results for the 45 

North Atlantic, with some showing up to 4-6°C of warming relative to modern (McKay et al., 46 

2011; Otto-Bliesner et al., 2013; Pfeiffer and Lohmann, 2016) while others suggest cooler 47 

temperatures or little to no difference (Gierz et al., 2017).  48 

 49 

While most previous studies of the LIG have focused on marine records, terrestrial records of 50 

precipitation isotopes have the potential to reveal new information regarding atmospheric 51 

conditions during the LIG. Hydrogen and oxygen isotope values (δD and δ18O) of precipitation 52 

vary spatially across Earth’s surface and reflect atmospheric circulation patterns and other 53 

aspects of Earth’s climate and hydrological cycle. In the North Atlantic, precipitation isotopes 54 

are anomalously enriched in deuterium (D) and 18O for their latitude, due to the northeastward 55 

transport of heat and moisture into the region by oceanic and atmospheric circulation (Bowen 56 

and Revenaugh, 2003). Therefore, times of reduced ocean heat transport and atmospheric heat 57 
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and moisture transport to the northern North Atlantic from southwesterly sources are 58 

characterized more negative isotopic values of precipitation. For example, a modeling study of 59 

the 8.2 ky cooling event suggests that the isotopes in precipitation across in this region would 60 

have become more negative during cold periods with reduced meridional overturning circulation 61 

(LeGrande and Schmidt, 2008). It follows that during past warm intervals, such as the LIG and 62 

the early Holocene, the isotopic composition of precipitation would have been more positive; 63 

however, this has not been well documented across the North Atlantic region. 64 

 65 

The Faroe Islands are located between Iceland and Scotland, where the climate is strongly 66 

influenced by the magnitude of ocean and atmospheric heat and moisture transport into the 67 

northern North Atlantic and the Nordic Seas. Because precipitation isotopes in the North Atlantic 68 

region are not only sensitive to local changes in temperature, but more broadly reflect regional 69 

ocean and atmospheric circulation patterns, records of past precipitation isotopes from terrestrial 70 

sediment archives on the Faroe Islands document past changes in regional climate and 71 

oceanographic conditions. While lakes containing Holocene-length sedimentary records are 72 

ubiquitous in the North Atlantic region, terrestrial LIG sedimentary archives are rare because the 73 

region was extensively glaciated during the last glacial period. On the Faroe Islands a LIG-aged 74 

lacustrine sedimentary unit survived the last glaciation and provides an archive of LIG climate 75 

information (Bennike et al., 2018; Geikie, 1881; Wastegård et al., 2005). Thus, LIG climate 76 

conditions in the Faroes can be directly compared to Holocene climate by reconstructing 77 

precipitation isotopes from both Holocene and LIG lake sediments.  78 

 79 
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Past precipitation isotopes can be reconstructed using the δD value of hydrogen contained in 80 

plant wax molecules, which are well preserved in lake sediments. The hydrogen isotope 81 

composition of plant waxes reflects the isotopic composition of the plant’s source water, after 82 

modification due to biosynthetic fractionation and evaporative enrichment (Kahmen et al., 2013; 83 

Sachse et al., 2012, 2004; Sauer et al., 2001). Plant waxes are deposited and preserved in lake 84 

sediment and can therefore be used to reconstruct the isotopic composition of their source water 85 

through time (Sachse et al., 2012). The hydrogen isotope fractionation between source water and 86 

plant wax can vary between plant types, species, and individuals (Chikaraishi et al., 2004; 87 

Chikaraishi and Naraoka, 2007; Diefendorf et al., 2011; Zhang and Sachs, 2007), and therefore 88 

large shifts in vegetation within the watershed can affect a sedimentary plant wax hydrogen 89 

isotope record (Feakins, 2013). Despite such potentially confounding factors, the strong 90 

relationship between δD values of plant waxes and δD values of precipitation has been 91 

demonstrated in studies from across the world (Hou et al., 2008; Polissar and Freeman, 2010; 92 

Sachse et al., 2012, 2004 and references therein).  93 

 94 

Here, we present Holocene and LIG records of plant wax hydrogen and carbon isotopes (δ13C) 95 

from the Faroe Islands, which we use to infer past changes in precipitation isotopes and 96 

hydroclimate. The objectives of this study are to document the Holocene evolution of climate in 97 

the Faroe Islands, and to compare the Holocene to late-LIG climate using the same paleoclimate 98 

proxies. The Holocene record we present is derived from lake sediments from Eiðisvatn and the 99 

LIG record from an exposure of lacustrine sediment near Klaksvík on Borðoy (Figure 1). We 100 

report results from multiple plant wax types (n-alkanes and n-alkanoic acids), chain lengths, and 101 

isotope systems (δD and δ13C) to evaluate the sources of plant waxes and the environmental 102 
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signals reflected by the sedimentary plant wax δD from these locations. We use δ13C 103 

measurements to constrain the provenance of the leaf waxes and as an independent means of 104 

understanding changes in hydrologic conditions through changes in water use efficiency of 105 

plants. Faroe Island precipitation isotopes during the late LIG were very similar to those of the 106 

early to mid-Holocene, and all of these were enriched in deuterium relative to preindustrial 107 

values. We conclude that regional ocean and atmospheric conditions in the late LIG were similar 108 

to those in the early to mid-Holocene. 109 

 110 

2. Study Area 111 

 112 

2.1 Background 113 

The Faroe Islands are an archipelago of 18 islands located between Iceland and Scotland and 114 

between the Norwegian Sea and the North Atlantic (62°N, 7°W; Figure 1). The islands are the 115 

remnants of a Tertiary flood basalt platform that erupted during the opening of the North Atlantic 116 

Basin (Rasmussen and Noe-Nygaard, 1970). The climate of the Faroes is strongly connected to 117 

local oceanographic conditions. The archipelago is located in the main pathway of the warm 118 

northward flowing North Atlantic Drift, and the cold East Iceland current approaches the Faroes 119 

from the northwest (Figure 1). The boundary between cold and warm currents, the Iceland-Faroe 120 

Front, is located to the north of the Faroe Islands. Winters are mild and summers are cool (Figure 121 

2), and the precipitation is largely sourced from storms that approach from the southwest 122 

(Cappelen, 2018). Annual precipitation amounts vary from 1000 mm/yr at lower elevations to 123 

3000 mm/yr at high elevations in the northwest (Cappelen, 2018).  124 
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Figure 2. Top panels: Faroe Islands and Reykjavík climatology and precipitation isotopes. 125 

Reykjavík climatology and precipitation isotopes are from the Global Network of Isotopes in 126 

Precipitation database, which includes monthly average amount-weighted precipitation isotopes 127 

(green squares with one standard deviation error bars), temperatures (red line with one standard 128 

deviation error bars), and precipitation amounts (blue bars with one standard deviation error 129 

bars) from 1960 to 2018. Faroe Islands climatology is from published technical reports from the 130 

Danish Meterological Institute (Cappelen, 2018), which includes monthly average temperature 131 

(red line with one standard deviation error bars) and precipitation amounts (blue bars with one 132 

standard deviation error bars) from 1992-2018 in Tórshavn.  Black squares indicate OIPC 133 

modeled precipitation isotopes. Bottom panel: grey circles indicate δD and δ18O values of all 134 

precipitation samples from Reykjavik from GNIP. Blue squares indicate δD and δ18O values of 135 

water samples from Faroese lakes collected in August of 2015. Black line indicates the GMWL. 136 

 137 

 138 
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The closest Global Network of Isotopes in Precipitation (GNIP) station to the Faroe Islands is in 140 

Reykjavík, Iceland approximately 800 km away. Climate conditions in Reykjavík are similar to 141 

those in the Faroes (Figure 2), and precipitation δD values at Reykjavik have a seasonal range of 142 

~20‰. The Online Isotopes in Precipitation Calculator suggests an even larger seasonal range of 143 

~50‰ in the Faroe Islands (Bowen, 2019) based on interpolation of existing precipitation isotope 144 

data (Bowen et al., 2005). However, the OIPC overestimates the seasonal range in the isotopes of 145 

precipitation for Reykjavík compared to the GNIP measurements (Figure 2), so it is possible that 146 

the seasonal range modeled for the Faroe Islands is similarly overestimated. The North Atlantic 147 

Oscillation (NAO) is the dominant mode of inter-annual atmospheric variability in the North 148 

Atlantic region and is strongly correlated with precipitation isotopes in central Europe and in the 149 

North Atlantic high latitudes, however, no correlation has been found between the NAO and the 150 

isotopes of precipitation in the Faroe Islands (Baldini et al., 2008).   151 

 152 

The Faroes were covered by a local ice cap during the last glacial period (Jørgensen and 153 

Rasmussen, 1986). Basal dates from lake sediment cores indicate that deglaciation occurred 154 

~11,700—12,100 cal yr BP (Andresen et al., 2006; Olsen et al., 2010), probably coincident with 155 

the end of the Younger Dryas cold period. The sediments that have accumulated in Faroese lakes 156 

since the local deglaciation provide high-resolution archives of paleoenvironmental conditions 157 

throughout the Holocene. A general understanding of Holocene environmental history in the 158 

Faroes has been gained through various palynological and geochemical studies of lake sediments 159 

across the archipelago (Hannon et al., 2010, 2003, 2001, 1998; Jessen et al., 2008; Johansen, 160 

1985, 1981, 1975; Lawson et al., 2005, 2008, 2007; Olsen et al., 2010). Human settlement of the 161 

Faroes occurred late in the Holocene (within the last ~2000 years), and so unlike most European 162 
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sites, the Holocene records are largely undisturbed by human activities. Most archaeological 163 

evidence points to settlement by the Norse in the 9th century A.D. (Arge et al., 2005; Hannon et 164 

al., 2001), although there is some palynological and archaeological evidence that suggests earlier 165 

settlement (Hannon et al., 2005, 2001; Hannon and Bradshaw, 2000; Johansen, 1985; Church et 166 

al., 2013). 167 

 168 

2.2 Study Sites 169 

 170 

Eiðisvatn is located on the northern end of the island of Eysturoy at 62°17'10.3”N, 7°03'27.4"W. 171 

The lake has a surface elevation of 129 m above sea level and had a surface area of 0.47 km2 172 

prior to construction of a hydroelectric dam in the late 1980s, which expanded the lake area. 173 

Several small inlets flow into the lake, and tunnels bring water from neighboring valleys into the 174 

lake today. Before the lake was dammed, there was one major outlet stream. Eiðisvatn, like other 175 

hydrologically open lakes on the Faroes, likely has lake water isotope values that are very similar 176 

to precipitation (Figure 2).  177 

 178 

An organic-rich sediment deposit laying between two glacial till deposits is located at 179 

62°13'25.2"N, 6°34'22.2"W in a coastal cliff section near Klaksvík, on Borðoy in the Faroe 180 

Islands (Geikie, 1881). The section is approximately 1m thick, and is composed of silt and clay 181 

(Bennike et al., 2018). Total organic content of the sediment decreases from ~6% near the 182 

bottom to 2% at the top (Wastegård et al., 2005). Radiocarbon analyses of pieces of wood found 183 

in the unit yielded infinite ages (Rasmussen, 1972), and the deposit has since been 184 

stratigraphically assigned as late LIG via the occurrence of the 5e-Midt/RHY tephra throughout 185 
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the section (Wastegård et al., 2005). Macrofossil, sedimentological and diatom analyses all 186 

indicate that the sequence represents a lacustrine environment with occasional marine overwash 187 

deposits (Bennike et al., 2018; Wastegård et al., 2005).  188 

 189 

3. Methods  190 

 191 

3.1 Chronology and loss on ignition 192 

 193 

Two gravity cores, EI-D-01-15 (73.7 cm) and EI-D-02-15 (100.7 cm) were collected from the 194 

lake to preserve the sediment-water interface. The top 10cm of EI-D-01-15 were extruded and 195 

subsampled in the field. A 2.82m piston core, EI-P-01-15, was also collected using a percussion 196 

coring device. 17 terrestrial plant macrofossils and 4 bulk sediment samples were collected from 197 

the two surface cores and the piston core for AMS 14C measurements. Samples were treated with 198 

a base-acid-base sequence to remove carbonate and humic contamination, combusted, and 199 

graphitized for measurement at either the UC-Irvine W. M. Keck Carbon Cycle AMS Laboratory 200 

or at the Woods Hole NOSAMS Laboratory.  201 

 202 

Sediment samples (1cm3) from three visible tephra layers in the core were digested in 10% H2O2 203 

to remove organic matter, washed over a 63 µm sieve using deionized water, and subjected to 204 

heavy-liquid density separations to isolate material with densities of 2.3-2.5 g/cm3 (Blockley et 205 

al., 2005; Turney et al., 1997). Samples were then mounted on glass slides in epoxy resin, 206 

examined using light microscopy, and polished to expose grain interiors.  Major oxide 207 

geochemical compositions were determined using wavelength-dispersive spectroscopy on an 208 
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ARL-SEMQ electron microprobe equipped with six wavelength-dispersive spectrometers and a 209 

Bruker 5030 SDD energy-dispersive spectrometer at the Concord University Microanalytical 210 

Laboratory (WV, USA) using a 6µm beam diameter, 14 kV accelerating voltage, and 10 nA 211 

beam current. Reported data are non-normalized oxide concentrations with each datum 212 

representing a single analysis of one tephra grain. Glass shard compositions were compared to 213 

previously described tephra horizons from the Faroe Islands (as reviewed by Wastegård et al., 214 

2018). 215 

 216 

Twenty-one radiocarbon and the three identified tephras were used to build an age model for the 217 

Holocene sediment using the Bayesian framework calibration software code ‘Bacon’ in R 218 

(Blaauw and Christen, 2011), using the IntCal13 calibration curve (Reimer et al., 2013). Eight 219 

radiocarbon samples were found to have anomalously old ages and were excluded from the final 220 

age model. 221 

 222 

Weight loss-on-ignition (LOI) was measured on 1cm3 subsamples at 1cm intervals in EI-D-02-15 223 

and EI-P-01-15 following Heiri et al. (2001). Gravity and piston cores were aligned on a 224 

composite depth scale by aligning wt. % LOI measurements.  225 

 226 

3.2 Organic and stable isotope geochemistry 227 

 228 

1 cm-thick samples were taken from the piston core every 10cm, along with the top 1cm of each 229 

of the gravity cores, for lipid biomarker analysis. Samples were freeze-dried and then 230 

homogenized using a ceramic mortar and pestle. Lipids were extracted from the sediment 231 
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samples using a Dionex Accelerated Solvent Extractor with a 9:1 solution of dichloromethane 232 

(DCM) and methanol. Each sample was subjected to three five-minute extraction cycles at 100°C 233 

and 1000psi.  234 

 235 

Compounds in the total lipid extract were separated using silica gel flash column 236 

chromatography over 0.75g of solvent-rinsed 100% activated silica gel. Aliphatic, ketone, and 237 

polar fractions were separated by successive elution with 4ml of hexane, DCM, and methanol, 238 

respectively. Solid-phase aminopropyl column chromatography was used to isolate n-alkanoic 239 

acids from the polar fraction, by successive elution with 4 mL of 2:1 DCM:isopropanol and 4% 240 

acetic acid in diethyl ether. The second fraction, which contained the n-alkanoic acids, was 241 

methylated overnight at 50°C using 2% HCl in methanol to form n-alkanoic acid methyl esters 242 

for analysis. The straight chain n-alkanoic acid methyl esters were separated from hydroxyl acid 243 

esters and other polyfunctional compounds using silica gel flash column chromatography with 244 

4ml of hexane and DCM as eluents. The DCM fraction containing the n-alkanoic acid methyl 245 

esters, and the original hexane fraction from the first silica gel separation containing n-alkanes, 246 

were dried under N2 gas and reconstituted in 100uL of hexane for analysis. 247 

n-Alkanes and n-alkanoic acids were identified and quantified using an Agilent 7890A gas 248 

chromatograph equipped with a mass selective detector (MSD) and a flame ionization detector 249 

(FID) using a 30m-long DB-5 capillary column with an internal diameter of 250 um. Initial GC 250 

oven temperature was set to 60 °C, then ramped to 150°C at 15°C per minute, and then ramped 251 

to 320°C at 4°C per minute. Compounds were identified by comparison of the mass spectra and 252 

retention times to an n-alkane standard containing C10-C40 n-alkanes (Sigma Aldrich Supelco 253 

40147-u) and an n-alkanoic acid standard solution containing the even n-alkanoic acids from C8-254 
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C32 (Nu-Chek prep mixture 19A and Larodan mixture Me 277). The external standards were 255 

used to determine compound-specific FID peak area response factors and to quantify compounds 256 

of interest in each sample. 257 

 258 

δD and δ13C values of n-alkanes and n-alkanoic acids were measured via GC-IRMS on a Thermo 259 

Trace GC coupled to a Thermo Delta V through an Isolink Conflo IV. Sample D/H and13C/12C 260 

measurements were referenced to the VSMOW and VPDB scales, respectively, according to the 261 

recommendations of Polissar and D’Andrea (2014) and using Mix A5 and Mix A7 standards 262 

with 15 n-alkane molecules whose D/H and 13C/12C were determined offline by Arndt 263 

Schimmelmann at the University of Indiana. All sample isotope ratios are reported using 264 

standard δ notation,  265 

��, � � = � ��	
��
������,   ���� − 1� ×  1000.�� (1) 266 

 where R = D/H or 13C/12C. n-Alkanoic acid δD and δ13C values were mathematically corrected 267 

for methyl group addition by analyzing the δD and δ13C of a sample of phthalic acid that was 268 

methylated alongside sample n-alkanoic acids. Results were processed and pooled analytical 269 

uncertainties (1 s.e.m.) in sample δD and δ13C values were calculated and reported according to 270 

Polissar and D’Andrea, 2014. 271 

 272 

3.3 Biomarker indices 273 

 274 

Average chain lengths (ACL) of n-alkanes and n-alkanoic acids were calculated using the 275 

formula 276 
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!�"	�#,	$%& =  ∑(�%)((%)
∑ �% (2) 277 

where Ci is the concentration of a given n-alkane or n-alkanoic acid relative to total alkane or n-278 

alkanoic acid concentration, Xi is the carbon chain length, and i = odd numbers from 21 to 35 for 279 

n-alkanes and even numbers from 20 to 34 for n-alkanoic acids (Poynter and Eglinton, 1990). 280 

 281 

Deuterium fractionation between terrestrially-sourced n-alkanes (C29, C31, and C33) and 282 

aquatically-sourced n-alkanes (C25 and C27) (ε2Hterr-2Haq) was calculated using standard epsilon 283 

notation: 284 

*+,-
../+,	0 = 1000 1(��-
.. + 1000)
3��	0 + 10004 − 15 . (3) 285 

n-Alkanes were designated terrestrial vs. aquatic based on the trends in δD values and the carbon 286 

isotope values (discussed in section 5.1). Carbon fractionation between n-alkanes and their 287 

biosynthetically equivalent n-alkanoic acids (ε13Calk-13Cacid) are also expressed in standard epsilon 288 

notation, such that: 289 

*��7	�#/��7	$%& = 1000 1 (����8/	�#	8
 + 1000)
(����8/	�#	89%$ 	$%& + 1000) − 15 . (4) 290 

Intrinsic water use efficiency (iWUE), defined as the amount of carbon assimilated per water 291 

transpired, can be calculated according to the following equation (Ehleringer et al., 1993; Feng, 292 

1999): 293 

;<=> =  ?	 − ?%1.6 , (5) 294 

where ca is the concentration of CO2 outside a leaf and ci is the concentration of CO2 in the leaf 295 

intercellular space. Ci values can be calculated according to the following equation: 296 
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1000 1 (����	-
 + 1000)
3������	8- + 10004 − 15  = B + (C − B) ?%?	 , (6) 297 

where δ13Catm is the δ13C value of atmospheric CO2, δ13Cplant is the δ13C value of bulk plant 298 

material, a is the fractionation associated with gas diffusion into the leaf (~-4.4‰), and b is the 299 

fractionation associated with the Rubisco enzyme during carboxylation (~-27‰). The apparent 300 

fractionation between bulk plant and n-alkanes is approximately 6‰ (Chikaraishi and Naraoka, 301 

2001; Collister et al., 1994). Using pCO2 and δ13Catm values from ice cores (Elsig et al., 2009; 302 

Lourantou et al., 2010; Monnin et al., 2004), ci and iWUE can be calculated from δ13C values of 303 

terrestrially sourced leaf waxes.  304 

 305 

4. Results 306 

 307 

4.1  Holocene chronology 308 

 309 

The stratigraphy and geochemistry of tephra deposits on the Faroe Islands are well-characterized 310 

(Wastegård et al., 2018). Major oxide compositions from the Eiðisvatn glass shards are 311 

compared to previously identified tephra and cryptotephra horizons from the Faroe Islands and 312 

we attribute volcanic glass shards isolated from three discrete depth intervals in the 313 

Eiðisvatn record to the Hekla S, Hekla 4 and Saksunarvatn eruptions (Figure 3; Tables 1, S1, 314 

S2). These three tephras, along with 13 radiocarbon dates, were used to build an age-depth model 315 

for the Eiðisvatn sediment core (Table 2, Figure 4).  316 

 317 

 318 

 319 
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Table 1. Geochemical composition of glass shards isolated from the Eiðisvatn record compared 
to tephra identified at other Faroe Islands sites. 

Sample SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 Cl BaO Total 

Eidi 138.9 
cm (n=15) 

Mean 65.5 0.45 14.7 5.75 0.16 0.55 3.35 4.47 2 0.19 0.1 0.1 97.3 

1s 1.11 0.02 0.37 0.21 0.02 0.03 0.11 0.19 0.1 0.04 0 0 1.44 

Hekla S 
(n=15)1, 3 

Mean 66.6 0.4 14.7 5.28 0.16 0.48 3.21 4.45 2 0.11 - - 97.3 

1s 2.32 0.11 0.46 1.09 0.04 0.16 0.8 0.55 0.4 0.04 - - 1.49 

Eidi 156.9 
cm (n=19) 

Mean 62.7 0.63 14.1 8.25 0.26 0.5 4.14 4.38 1.8 0.18 0.1 0.1 97 

1s 1.93 0.13 0.46 0.99 0.03 0.21 0.35 0.57 0.2 0.07 0 0 1.6 

Hekla 4 
(n=22)1 

Mean 63.8 0.62 14.2 7.73 0.26 0.58 3.95 4.43 1.9 - - - 97.3 

1s 3.91 0.23 0.59 2.31 0.08 0.3 1.06 0.32 0.4 - - - 0.98 

Eidi 301.5 
cm (n=24) 

Mean 48.7 3.05 12.9 14.6 0.22 5.02 9.95 2.61 0.5 0.32 0 0 97.9 

1s 0.61 0.49 0.2 0.31 0.02 0.33 0.19 0.2 0.1 0.1 0 0 0.7 

Saksunarvatn 
(n=43)1, 2 

Mean 48.9 3.03 12.9 14 0.25 5.58 9.83 2.74 0.5 0.33 - - 97.8 

1s 0.71 0.14 0.26 0.5 0.03 0.18 0.32 0.19 0 0.02 - - 1.2 
References: 1. Wastegård et al. (2001), 2. Kylander et al. (2012), 3. Wastegård et al. (2018) 
 320 

 321 

4.1.1 EI-P-01-15 138.9 cm/Hekla S (c. 3.7 ka BP) 322 

The major oxide composition of dacitic to rhyolitic glass shards (n=15) isolated from the interval 323 

116.5-117.5 cm closely resembles the 3.7 ka Hekla Selsund (Hekla S) tephra horizon, which was 324 

previously identified in sediments from Faroese lakes Starvatn (Wastegård et al., 2008), 325 

Mjáuvötn (Wastegård et al., 2001), and Havnardalsmyren (Wastegård et al., 2018).  The 326 

composition of Hekla S deposits on the Faroe Islands varies between sites, likely due to 327 

geochemical differences between early and late eruption phases (Wastegård et al., 2018). Hekla 328 

S glass shards isolated from the Eiðisvatn record are geochemically similar to rhyolitic shards 329 

previously identified in sediments from Mjáuvötn and Havnardalsmyren (Wastegård et al., 2018, 330 
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2001), but distinct from andesitic shards found in sediments from Starvatn (Wastegård et al., 331 

2008).  332 

 333 

Figure 3. Select major oxide compositions of three tephra layers from the Eiðisvatn record 334 

compared to previously described Icelandic tephra deposits on the Faroe Islands: (A) SiO2 vs. 335 

FeO, (B) FeO vs. CaO. Glass shards from Eiðisvatn are compared to Hekla S (Wastegård et al., 336 

2001, 2008, 2018), Hekla 4 (Hannon et al., 2001; Wastegård et al., 2001, 2018), and 337 

Saksunarvatn (Wastegård et al., 2001; Kylander et al., 2012). 338 

 339 

4.1.2 EI-P-01-15  156.9 cm/Hekla 4 (c. 4.3 ka BP) 340 

We attribute dacitic to andesitic glass shards from the 135-136 cm depth interval (n=19) to the 341 

Hekla 4 eruption c. 4.3 ka BP. As with Hekla S, the geochemical composition of Hekla 4 shards 342 

identified from the Faroe Islands is spatially heterogeneous. Tephra shards attributed to Hekla 4 343 

from the Eiðisvatn core are geochemically similar to Hekla 4 glass shards previously found in 344 

bog sediments on the southwestern margin of Eiðisvatn, in lake sediments from Mjáuvötn  345 
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(Wastegård et al., 2001) and a subset of shards from Havnardalsmyren (Wastegård et al., 2018; 346 

Table 1; Figure 3). Their composition differs from rhyolitic shards found in sediments from 347 

Gróthusvatn (Hannon et al., 2001) and Havnardalsmyren that were attributed to Hekla 4 348 

(Wastegård et al., 2018). 349 

 350 

Table 2. Chronological data used to construct Eiðisvatn age model. 
Core Composite Description 14C age (yr Calibrated age Median 
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Cal Yr BP

Depth (cm) BP) range (cal yr 
BP, 1σ)  

age (cal 
yr BP) 

Surface 0    -65 
EI-D-01-15 18.5 Plant macrofossil -10 -5 - -1 -3 
EI-D-01-15 23 Plant macrofossil 410 ± 15 471-515 493 
EI-P-01-15 25.86 Plant macrofossil 840 ± 30 710-784 747 
EI-P-01-15 27.86 Plant macrofossil 3720 ± 70 3964-4176 4070* 
EI-P-01-15 29.86 Plant macrofossil 2575 ± 20 2714-2760 2737* 
EI-D-01-15 30 Plant macrofossil 1145 ± 15 986-1068 1027 
EI-P-01-15 32.86 Plant macrofossil 2320 ± 20 2331-2355 2343* 
EI-D-01-15 34 Plant macrofossil 1055 ± 35 924-1000 962 
EI-D-01-15 35.86 Plant macrofossil 6355 ± 20 7257-7311 7284* 
EI-P-01-15 39.5 Plant macrofossil 3030 ± 20 3179-3275 3227* 
EI-D-01-15 40.2 Plant macrofossil 8110 ± 45 8985-9125 9055* 
EI-P-01-15 43.86 Plant macrofossil 3915 ± 20 4316-4400 4358* 
EI-D-01-15 57 Bulk organic matter 2450 ± 15 2471-2673 2572 
EI-P-01-15 60.36 Bulk organic matter 2330 ± 20 2337-2355 2346 
EI-D-01-15 82 Bulk organic matter 3300 ± 15 3492-3547 3520* 
EI-P-01-15 96.16 Plant macrofossil 2945 ± 15 3076-3142 3109 
EI-P-01-15 138.26 Plant macrofossil 3595 ± 15 3865-3925 3895 
EI-P-01-15 138.86 Hekla-S Tephra   3750 
EI-P-01-15 156.86 Hekla-4 Tephra   4260 
EI-P-01-15 164.46 Plant macrofossil 4100 ± 30 4519-4703 4611 
EI-P-01-15 174.96 Plant macrofossil 4310 ± 15 4844-4870 4857 
EI-P-01-15 263.46 Bulk organic matter 7290 ± 30 8059-8145 8102 
EI-P-01-15 278.46 Plant macrofossil 7925 ± 20 8645-8817 8731 
EI-P-01-15 301.46 Saksunarvatn tephra   10176 
* indicates anomalously old radiocarbon ages that were not included in the final Eiðisvatn age 
model. 
 



 22 

Figure 4. Age model for Eiðisvatn sediment cores constructed using ‘Bacon’ in R (Blaauw and 354 

Christen, 2011). Grey shaded areas are probability distribution functions for individual dates. 355 

Red outlined symbols indicate radiocarbon outliers that were removed from the final age model. 356 

Black outlined symbols indicate radiocarbon ages that were used in the final age model. Green 357 

outlined symbols indicate tephra ages. Solid black line indicates median age model, and dashed 358 

line indicates 95% confidence interval. The average 95% confidence interval for sample ages is 359 

454 years and the average amount of time represented by a 1cm-thick sample is 33 years. 360 

 361 

4.1.3 EI-P-01-15 301.5 cm/Saksunarvatn Ash (c. 10.2 ka BP) 362 

The major oxide composition of most glass shards from the visible tephra horizon at the 140.5-363 

141.5 cm (n=24) depth interval closely resembles previously described deposits of the c. 10.2 ka 364 

BP basaltic Saksunarvatn Ash in the Faroe Islands (Wastegård et al., 2001; Kylander et al., 2012; 365 

Lohne et al., 2013; Table 1, Figure 3). The Saksunarvatn Ash, with origins in the Grímsvotn 366 

volcanic system, is one of the most widely-dispersed Icelandic tephra deposits from the 367 

Holocene. 368 

 369 

 370 

4.2 Holocene Lithology and Biomarker Relative Abundances 371 

 372 

The Eiðisvatn sediment core is comprised primarily of dark brown gyttja. Fine laminations are 373 

visible in the bottom ~30 cm of the core, and the core terminates in a visible tephra layer. The 374 

sediment has an average LOI of ~15%, but ranges from 0% in the bottom tephra layer to 44%. 375 
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The Eiðisvatn record was divided into four units based on the lithostratigraphy, biomarker 376 

abundances (Figure 5), and isotope stratigraphy (Figure 6).  377 

 378 

Unit 1 (~10.0−8.1 ka) is the basal unit, which is comprised of finely laminated sediment with 379 

relatively low LOI (average of ~8.2%). This unit also has high relative abundances of C17 and 380 

C19 n-alkanes, which are typically attributed to algal and bacterial sources. The average n-alkane 381 

ACL is 29.3, and the average n-alkanoic acid ACL is 26.5.  382 

 383 

Unit 2 (~8.1− 4.0 ka) is comprised of dark brown gyttja, and has an average LOI of ~14%. The 384 

LOI increases steadily throughout Unit 2. The average n-alkane ACL is 29.4 and the average n-385 

alkanoic acid ACL is 26.5. The sample from the Hekla-4 cryptotephra horizon has a low n-386 

alkane ACL of 27.7 and also a low LOI value of 4.8%.   387 

 388 

Unit 3 (4.0 − 2.4 ka) is also a dark brown gyttja, and has an average LOI of 17%. While the LOI 389 

increased steadily throughout Units 1 and 2, LOI is more variable in Unit 3, with two small, 390 

broad peaks that increase to ~20%. Both n-alkane and n-alkanoic acid ACLs decline across Unit 391 

3, with average values of 29.1 and 26.3, respectively.  392 
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Figure 5. Weight % Loss on Ignition measurements and plant wax distributions for the Holocene 393 

sediment core from Eiðisvatn. Triangles along x-axis indicate chronological tie points. Red 394 

triangles indicate radiocarbon age reversals that were excluded from age model, black triangles 395 

indicate radiocarbon ages that were included, and green triangles indicate tephra layers. 396 

 397 

Unit 4 (2.4 − 0 ka) is the uppermost unit. This unit is a darker brown gyttja, and has an average 398 

LOI of ~27%. While the LOI increased almost linearly across Units 1-3, this unit has a large 399 

peak in LOI up to the maximum of 44%, which corresponds to the darkest interval in the core 400 

and also the anomalously old radiocarbon ages that were rejected from the age-depth model. 401 
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Because this unit is characterized by an influx of apparently old carbon, it is possible that the 402 

radiocarbon ages that were not rejected from the model may also be older than the actual age of 403 

the sediment (Figure 4). Thus, the age of the lower boundary of this unit is tentative, and further 404 

interpretation regarding the age of this transition should be made with caution. The n-alkane 405 

ACL increases to ~30 during the LOI peak while the n-alkanoic acid ACL decreases to 24.6. 406 

Average n-alkane ACL across Unit 4 is 29.4, and average n-alkanoic acid ACL is 26.2.  407 

 408 

4.3 δD and δ13C of plant waxes 409 

 410 

4.3.1 δD of Holocene plant waxes 411 

 412 

The plant waxes are grouped into in four different categories (Figure 6): long-chain n-alkanes, 413 

including C29, C31, and C33; mid-chain n-alkanes, including C25 and C27; long-chain n-alkanoic 414 

acids, including C28, C30, and C32; and mid-chain n-alkanoic acids, including C22, C24, and C26.  415 

 416 

The long-chain n-alkanes are most variable in Unit 1, where all homologues show a ~20‰ 417 

decrease in δD values between 9.3 ka and 9.0 ka and reach their minimum at 9.0 ka. After the 418 

initial drop, C31 and C33 δD values slowly increase upwards while C29 δD values remain stable.  419 

In Unit 1, C33 has the most positive δD values, followed by C31 δD values, and C29 δD values are 420 

the most negative. In Unit 2 (~8.1 – 4.0 ka), C31 δD values and C33 δD values increase slightly 421 

while C29 δD values remain stable. After ~6.0 ka, C31 δD values become more positive than C29 422 

δD values. δD values of all three homologues are stable throughout Unit 3. In Unit 4, their δD 423 

values decrease from 2.4 ka to 0.355 ka, after which they increase to the present.  424 
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Figure 6. Holocene n-alkane (left column) and n-alkanoic acid (right column) isotope values 425 

from the Eiðisvatn record. Green and blue panels show δD data for long- and mid-chain 426 

homologues, respectively. Red and brown panels show δ13C data for long-chain and mid-chain 427 

homologues, respectively. Darkest color in each panel indicates longest chain length. Vertical 428 

dashed lines indicate Unit boundaries, as in Figures 5 and 7. 429 

 430 

 431 

 432 

 433 

 434 
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Mid-chain n-alkane (C25 and C27) δD values have a different trend during the Holocene 435 

compared to long-chain n-alkane δD values. Mid-chain n-alkane δD values are relatively high 436 

during Unit 1, and decrease gradually during Unit 2. In Unit 3, mid-chain n-alkane δD values 437 

decrease more rapidly. In Units 1-3, C25 δD values are more positive than C27 δD values, 438 

however in Unit 4 C27 becomes more positive. In Unit 4, mid-chain n-alkane δD values continue  439 

to decrease between 4.0 and 0.8 ka, after which they increase to their modern values. Overall, 440 

C25 values are highest in the earliest Holocene with a peak value of -128‰, and reach their 441 

minimum of -203‰ at ~0.8 ka. C27 δD values have a smaller range between -156‰ and -195‰.  442 

 443 

In Units 1 and 2, C28 and C30 long-chain n-alkanoic acid δD values have a trend similar to the 444 

mid-chain n-alkanes. They have greatest values in Unit 1, and then slowly decrease throughout 445 

Unit 2. C28 δD values then remain stable throughout Unit 3, but the C30 n-alkanoic acid becomes 446 

more positive by ~10‰. In Unit 4, C28 δD values decrease from 2.0 to 1.2 ka, and then increase 447 

until present. C30 δD values remain stable from 2.0 to 1.2 ka, and then also increase until present. 448 

The C32 n-alkanoic acid was not abundant enough to measure δD on every sample but the δD 449 

values were more positive than the other homologues and generally follow the variability of C30 450 

δD values in the later part of the record, then falling to the lowest Holocene value in the 451 

uppermost sample.  452 

 453 

Mid-chain n-alkanoic acid δD values are less variable than any of the other homologues’ δD 454 

values. In Unit 1, C26 δD values slowly decline while C24 δD values remain stable. Both C24 and 455 
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C26 δD values decrease steadily across Units 2 and 3. In Unit 4, C24 continues to decrease, while 456 

C26 decreases from 2.4 to 1.2 ka, and then increases until present. 457 

 458 

4.3.2 δ13C of Holocene plant waxes 459 

 460 

Long-chain n-alkane δ13C values mirror the long-chain δD values, with a sharp drop in Unit 1, 461 

slow rise through Unit 2, and relative stability during Unit 3. At the beginning of Unit 4 there is a 462 

1‰ increase followed by decline to present. With the exception of the oldest sample (10.0 ka), 463 

C29, C31, and C33 δ13C values are within analytical uncertainty of each other and follow the same 464 

trend. 465 

 466 

The trends in the mid-chain n-alkane δ13C values are less variable than mid-chain δD values, 467 

with the exception of the δ13C value of the oldest sample which is ~2.5-3‰ more positive than 468 

the next oldest sample. Mid-chain n-alkane δ13C values decline across Units 1 and continue to 469 

decline until ~7.0ka in Unit 2. C25 δ13C values are stable through the rest of Units 2-4, until the 470 

decline from 355 cal yr BP to the present. C25 δ13C values are more positive than C27 δ13C values 471 

in each sample. C27 δ13C values are more positive than long-chain n-alkane δ13C values in Units 472 

1 and 2, but are more negative in Units 3 and 4. C25 values are more positive than long-chain n-473 

alkane δ13C values in each sample.  474 

 475 

Long-chain n-alkanoic acid δ13C values have differing trends over the Holocene. C28 and C30 476 

slowly decline in Unit 1 and Unit 2 until ~7.0 ka. They are stable for the remainder of the record, 477 

through Units 2-4. The trends in C32 δ13C values, however, are more similar to long-chain n-478 
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alkane δ13C values. They decline abruptly in Unit 1, increase across Unit 2, and are relatively 479 

stable during Unit 3. The C32 δ13C values then increase across the transition into Unit 4 and 480 

decline until present (with one outlier).  481 

 482 

Of the mid-chain n-alkanoic acids, C26 and C24 δ13C values decline across Unit 1 and remain 483 

stable across Units 2 and 3. They increase throughout Unit 4 to present. C22 δ13C values are 484 

~1.5‰ more negative than C26 and C24 at the beginning of Unit 1 and are relatively stable across 485 

this interval. C22 δ13C values are stable across Unit 2 until an abrupt increase ~ 5.0 ka, and then 486 

remain stable for the remainder of Unit 3. C22 δ13C values then increase across Unit 4. 487 

 488 

4.3.3 δD and δ13C of LIG plant waxes 489 

 490 

LIG long-chain n-alkane δD values (Figure 7) show little variability over the length of the 491 

record. C29 δD values are the most positive, followed by C33, and C31 δD values, which are the 492 

most negative. Long-chain n-alkane δD values have averages of -174‰, -179‰, and -176‰ for 493 

C29, C31, and C33, respectively. Mid-chain n-alkane δD values also show little variability. C25 δD 494 

values are slightly more positive in some samples, but C27 and C25 δD values are within 495 

analytical uncertainty of one other for most samples. The average C25 δD value for this record is 496 

-170‰, and the average C27 value is -173‰.  497 

 498 
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 499 

Figure 7. LIG n-alkane (left column) and n-alkanoic acid (right column) isotope values from the 500 

Klaksvík section. Green and blue panels show δD data for long- and mid-chain homologues, 501 

respectively. Red and brown panels show δ13C data for long-chain and mid-chain homologues, 502 

respectively. Darkest color in each panel indicates longest chain length. 503 

 504 

 505 

 506 

 507 

 508 
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LIG long-chain n-alkanoic acid δD values (Figure 7) also show little variability, with the 509 

exception of one sample (depth = 82.5cm) in which all three homologues are more negative. C30 510 

δD values are more positive than C28 δD values, and they have average values of -169‰ and -511 

172‰ , respectively. The LIG mid-chain n-alkanoic acids also have low variability in δD values. 512 

The δD values of C24 are slightly more positive than those of C26, with an average δD value of -513 

187‰, and C26 has an average δD value of -181‰. 514 

 515 

LIG wax δ13C values (both n-alkanes and n-alkanoic acids) are also relatively constant within the 516 

section. C33 and C31 n-alkane δ13C values are the same (within error), while C29 δ13C values are  517 

slightly more positive. C33 and C31 δ13C values both average -34.6‰, and C29 has an average 518 

value of  -34.0‰. The mid-chain n-alkane δ13C values are very similar to each other, and are 519 

both more positive than the long-chain n-alkane δ13C values. C27 has an average value of -32.8‰  520 

and C25 has an average value of -32.9‰.  521 

 522 

Long-chain n-alkanoic acid δ13C values are consistently offset from one another by ~1‰. The 523 

average δ13C values for C28, C30, and C32 are -33.0‰, -33.9‰, and -35.1‰, respectively. The 524 

mid-chain n-alkanoic acid δ13C values are very similar to one another, with the exception of one 525 

outlier. The mid chain-n-alkanoic acids δ13C values are also more positive than the long-chain 526 

values, with average values of -31.7‰, -31.8‰ , and -32.1‰ for C22, C24, and C26, respectively.  527 

 528 

 529 

 530 

 531 
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5. Discussion 532 

 533 

5.1 Plant wax sources 534 

 535 

Understanding the sources of plant waxes is important for interpreting the climate signals 536 

contained in the δD records. Plant wax molecules are usually attributed to different types of 537 

vegetation according to the length of their carbon chains; short-chain lipids (17-20 carbon atoms) 538 

are produced by aquatic algae and bacteria, mid-chain lipids (21-26 carbon atoms) are produced 539 

by submerged aquatic plants, and long-chain lipids (27-35 carbon atoms) are produced in the leaf 540 

waxes of terrestrial plants (Cranwell et al., 1987; Eglinton and Hamilton, 1967; Ficken et al., 541 

2000). While individual plant species may produce a variety of chain lengths (Diefendorf et al., 542 

2011), when integrated through space and time in a sedimentary record, the isotopes of hydrogen 543 

and carbon in the biomarkers can be attributed to more specific sources than isotopes of organic 544 

material in bulk sediment (Sachse et al., 2012). If different individual or groups of waxes can be 545 

attributed to primarily aquatic or terrestrial sources, then past changes in precipitation isotopes 546 

and local hydroclimate can be inferred (Rach et al., 2017; Sachse et al., 2012; Seki et al., 2011). 547 

 548 

The trends in the δD values of n-alkanes and n-alkanoic acids in the Eiðisvatn record can be 549 

grouped by wax type and the chain length (Figure 8). We would expect that waxes derived from 550 

the same sources have similar trends in δD values, even if the values are offset. Notably, the 551 

long-chain and mid-chain n-alkane δD values show very different trends, and the δD records of 552 

all chain lengths of n-alkanoic acids are more similar to the mid-chain n-alkane δD records in 553 

units 1-3 (Figure 8). From this, we infer that the long-chain n-alkanes record a signal from one 554 
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source (terrestrial plants), while the mid-chain n-alkanes and the n-alkanoic acids record a signal 555 

from another source (aquatic macrophytes).  556 

 557 

While all wax groups likely receive contributions from both terrestrial and aquatic sources, the 558 

carbon isotope ratio (δ13C) of plant waxes can provide insight concerning the dominant sources 559 

of individual plant wax homologues. The δ13C of plant waxes reflect the isotopic composition of 560 

their CO2 source, in addition to the fractionation that occurs during biosynthesis. Terrestrial 561 

plants source CO2 from the atmosphere, while aquatic plants source CO2 from lake water 562 

dissolved inorganic carbon (DIC). DIC is generally enriched in 13C due to the uptake of 12C by 563 

photosynthetic organisms in surface waters (Meyers and Teranes, 2001). This can cause aquatic 564 

plants to be enriched in 13C compared to terrestrial plants, which has been observed in the Faroe 565 

Islands and in similar environments in Iceland (Langdon et al., 2010; Olsen et al., 2010). The 566 

carbon isotopic enrichment of aquatically sourced waxes is evident within the wax groups, in 567 

that shorter carbon chains have more positive δ13C values than longer chains in almost every 568 

sample from both Eiðisvatn (Figure 6) and the Klaksvík section (Figure 7), and previous studies 569 

report that there is no systematic difference in δ13C values of homologous waxes from individual 570 

plants (Chikaraishi and Naraoka, 2007, 2003). Therefore, while each homologue within a 571 

sediment sample likely represents a mixture of sources, we can use δ13C values as an indicator of 572 

whether aquatic or terrestrial components are the dominant source for each homologue.  573 

 574 

The n-alkanoic acids from Eiðisvatn and Klaksvík sediment are more enriched in 13C than would 575 

be expected given the δ13C value of the biosynthetically equivalent n-alkane, which suggests that 576 

they are predominantly produced by an aquatic macrophyte source. Modern plant studies of δ13C 577 
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across wax types show that n-alkanes are enriched compared to their n-alkanoic acid biosynthetic 578 

equivalents (Chikaraishi and Naraoka, 2007) by up to 7‰ in δ13C. The apparent fractionation of 579 

13C between n-alkanes and n-alkanoic acids (ε13Calk-13Cacid) averages 1.4 ± 1.1‰ regardless of 580 

plant type or photosynthetic pathway (Chikaraishi and Naraoka, 2007). We would thus expect 581 

the sedimentary waxes to have similar ε13Calk-13Cacid values if they are derived from the same 582 

source. ε13Calk-13Cacid values calculated for the C30 n-alkanoic acid/C29 n-alkane, the C28 n-583 

alkanoic acid/C27 n-alkane, and the C26 n-alkanoic acid/C25 n-alkane from Holocene samples in 584 

the Faroe Islands are less than 1.4‰ in most samples, and in many cases ε13Calk-13Cacid is negative 585 

(Figure 8). This implies that the n-alkanoic acid δ13C values are more positive than they would 586 

be if they had the same source as the n-alkanes, which supports our interpretation that the n-587 

alkanoic acids are primarily aquatically sourced.  588 

 589 

While long-chain n-alkanoic acids are commonly attributed to terrestrial sources, in some 590 

settings n-alkanoic acids as long as C28 have been found to be aquatically-derived or from mixed 591 

sources (Holland et al., 2013; van Bree et al., 2018). In the Eiðisvatn sediments, ε13Calk-13Cacid 592 

values for the C32 n-alkanoic acid are the most positive, suggesting that C32 n-alkanoic acids have 593 

more of a terrestrial signature than the other n-alkanoic acids. However, in these samples the C32 594 

n-alkanoic acid has very low abundances, making it difficult to measure its δD values. The trend 595 

in the δD values of the C30 n-alkanoic acid are consistent with the mid-chain n-alkane δD records 596 

only from 10.0 ka to ~6.0 ka, and during this period ε13Calk-13Cacid is very low, which is consistent 597 

with a predominantly aquatic source. In the latter half of the Holocene, the δD values of the C30 598 

n-alkanoic acid no longer follow the trend of the mid-chain n-alkane δD record, however they do 599 
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not exactly follow the long-chain n-alkane δD trend either. The C30 n-alkanoic acid is likely 600 

derived from a mixture of terrestrial and aquatic sources, reflected in the higher ε13Calk-13Cacid 601 

values from ~6.0ka to present.  602 

 603 

Figure 8. Top: Average n-alkane and n-alkanoic acid δD values in the Holocene (green: long-604 

chain n-alkane δD values, blue: mid-chain n-alkane δD values, solid grey: long-chain n-alkanoic 605 

acid δD values, dashed grey: mid-chain n-alkanoic acid δD values). Middle: Hydroclimate 606 

proxies in the Holocene record, including calculated iWUE and εterr-aq. Bottom: Calculated offset 607 

between biosynthetically equivalent n-alkanes and n-alkanoic acids (εn-alk-acid) for each sample in 608 

the Holocene record. Grey dashed line and shaded region indicates published average value ± 1σ 609 

error. 610 
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Trends in the Holocene ε13Calk-13Cacid values reveal changes in the relative proportion of terrestrial 611 

and aquatic contributions to the plant waxes that are preserved. The ε13Calk-13Cacid values for all 612 

the plant wax pairs are most negative during Unit 1, indicating that the proportion of aquatically 613 

derived n-alkanoic acids was greatest at this time, or that the n-alkanoic acids that are produced 614 

have more positive δ13C values. This suggests that there was a higher proportion of 615 

autochthonous material being deposited in Eiðisvatn in the early Holocene, which can either be 616 

accomplished by a reduction in terrestrial input or enhanced aquatic productivity. Unit 1 also has 617 

the highest relative abundances of C17 and C19 n-alkanes, the production of which is attributed to 618 

algae (Cranwell et al., 1987), which is also consistent with a higher proportion of autochthonous 619 

organic matter being deposited. Pollen records suggest that following deglaciation around 11.2 620 

ka, the early Holocene in the Faroes was characterized by fell-field vegetation and poor soil 621 

development (Hannon et al., 2010, 2003; Johansen, 1985). If the terrestrial biomass was small 622 

and soils were thin, there would be less terrestrially sourced material delivered to the lake. 623 

ε13Calk-13Cacid values for all wax pairs are stable throughout Units 2 and 3, and decline again in 624 

Unit 4. This suggests that the proportion of aquatic vs terrestrial n-alkanoic acids is relatively 625 

constant through the mid-Holocene, and the latest Holocene is characterized by a slightly 626 

increased aquatic contribution.  627 

 628 

5.2 Holocene climate 629 

 630 

5.2.1 Precipitation isotopes 631 

In the Faroe Islands, the δD of lake water represents the isotopic composition of precipitation, 632 

and therefore we interpret mid-chain n-alkane and n-alkanoic acid δD values as recorders of past 633 
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precipitation isotopes. In a wet, cool environment, like the Faroes, evaporative enrichment of 634 

lake water is minimal. Lake water collected from Faroese lakes that are currently hydrologically 635 

open have δD and δ18O compositions that fall on the local meteoric water line for the Reykjavik 636 

GNIP station (Figure 2), indicating that little evaporation has occurred. The average δD values of 637 

these lake water samples (-36.5‰) are very similar to the OIPC modeled precipitation for 638 

August (-39‰), the month that the samples were collected. Because the mid-chain n-alkanes and 639 

most of the n-alkanoic acids (C30 and shorter) are primarily aquatically derived, we expect that 640 

they are recording past changes in lake water isotopes during the growing season, from which we 641 

can infer past changes in spring-summer precipitation isotopes.  642 

 643 

Precipitation δD values at mid-latitudes are strongly influenced by regional temperatures, 644 

changes in moisture source and/or local changes in hydroclimate.  The location, temperature, and 645 

relative humidity of the oceanic moisture source influence the initial isotopes of precipitation in a 646 

given air mass; the trajectory of the air mass, amount of rainfall along that trajectory, and 647 

additional moisture added to the air mass through evaporation of surface waters influence the 648 

intermediate isotopic composition; the seasonality of precipitation and the local temperature and 649 

relative humidity during condensation affect the final isotopes of precipitation (Boyle, 1997; 650 

Dansgaard, 1964; Pierrehumbert, 1999). In the North Atlantic today, heat and moisture carried 651 

northward by ocean and atmospheric transport cause the region (including the Faroe Islands) to 652 

have anomalously positive isotopes in precipitation for its latitude (Bowen and Revenaugh, 653 

2003).  654 

 655 
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Given the numerous controls on precipitation isotopes in the region, rather than interpreting 656 

precipitation isotopes strictly as a quantitative indicator of temperature, we use the δD data to 657 

infer regional climatology. During periods with enhanced northward oceanic heat transport by 658 

the North Atlantic Current, for instance due to more vigorous meridional overturning circulation, 659 

greater heat and moisture are transported to the North Atlantic resulting in more positive 660 

precipitation isotopes values in the North Atlantic region. During periods with reduced 661 

northward oceanic heat transport, for instance due to weaker overturning circulation, regional 662 

temperatures cool, less Atlantic-sourced precipitation reaches the Faroe Islands and the moisture 663 

that does is subject to greater rainout and isotopic fractionation prior to arrival, and the isotopes 664 

in precipitation become more negative.  665 

 666 

In our Eiðisvatn record, δD values of mid-chain n-alkanes and n-alkanoic acids indicate an 667 

overall decrease in the isotope values of precipitation during the course of the Holocene (Figure 668 

8). We interpret this trend to reflect a decrease in the northward transport of heat and moisture in 669 

the North Atlantic region. This trend generally matches the declining trend in Northern 670 

Hemisphere summer insolation and the documented decline in regional summer temperatures 671 

over the same period (Marcott et al., 2013). The most positive isotope values in the Eiðisvatn 672 

record occur during Unit 1, suggesting an early regional thermal maximum. A major decline 673 

begins within Unit 3, likely signaling cooling temperatures and less Atlantic-sourced 674 

precipitation during the Neoglacial period. These trends broadly match local qualitative 675 

temperature records from the Faroe Islands, which indicate a thermal maximum ~9.0 to 8.0 ka, 676 

cooling from ~8.0 ka to 4.0 ka, and intensified cooling until present (Hannon et al., 2010; 677 

Johansen, 1985, 1981; Olsen et al., 2010). This is also consistent with the closest Holocene sea 678 
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surface temperature reconstruction, which shows peak Holocene temperatures from 10.3 ka to 679 

8.3 ka and declining temperatures until modern (Rasmussen and Thomsen, 2010). Regional SSTs 680 

also generally match this trend (Ayache et al., 2018; Marcott et al., 2013; Marsicek et al., 2018). 681 

The reason for increased northward ocean heat transport in the early to mid-Holocene is likely 682 

linked to enhanced overturning circulation and deep water convection processes in the Nordic 683 

seas at this time (Thornalley et al., 2013). 684 

 685 

We note that the decrease in precipitation δD values throughout the Holocene in the Faroe 686 

Islands could also be interpreted as a shift toward a greater amount of wintertime precipitation. 687 

However, we reject this interpretation on a number of grounds. Firstly, δD values of plant waxes 688 

are likely to be biased toward precipitation isotope values during the growing season, i.e. spring 689 

and summer. The isotopic values of modern lake water samples are most similar to precipitation 690 

in the month that they were collected (August) rather than the mean annual precipitation value 691 

predicted by OIPC. This suggests that the δD values of aquatically derived plant waxes are likely 692 

recording lake water/precipitation water δD values in late spring and summer and would not 693 

reflect seasonal changes in precipitation isotopes.  Secondly, the seasonal range in the isotopes of 694 

precipitation of the Faroe Islands, as calculated by the OIPC (Bowen, 2019), is relatively small 695 

(~50‰; Figure 2). Even under the most extreme case, assuming 100% of annual precipitation in 696 

the Early Holocene fell during the summer season, precipitation isotope values would not 697 

increase by the magnitude inferred from the plant wax δD values; instead, the data indicate that 698 

early Holocene precipitation isotopes were more positive than in the late Holocene. Additionally, 699 

because OIPC-predicted summer precipitation isotope values may be overestimated, it is even 700 
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less likely that seasonal shifts alone can account for the inferred 35‰ decrease in precipitation 701 

isotope values over the Holocene.  702 

 703 

5.3 Holocene hydroclimate 704 

 705 

The difference between a terrestrial plant-derived wax δD record (δDterr) and an aquatic-plant-706 

derived wax δD record (δDaq) represents watershed-integrated soil water evaporative enrichment 707 

and plant evapotranspiration, which are generally attributed to changes in relative humidity 708 

(Nichols et al., 2010; Rach et al., 2017; Seki et al., 2011). As stated in Section 5.2, Faroese lake 709 

water isotopes are expected to reflect changes in precipitation isotopes because the lake water 710 

experiences little evaporative enrichment, and thus mid-chain plant wax δD values track 711 

precipitation isotopes. But, soil and therefore leaf waters can experience evaporative enrichment, 712 

depending on local relative humidity (Sachse et al., 2004; Ziegler, 1989). A comparison of plant 713 

water and lake water isotope reconstructions based on long-chain and mid-chain wax δD values, 714 

respectively, can reflect evaporative enrichment of precipitation water, which can be attributed to 715 

changes in local hydroclimate (Nichols et al., 2010; Rach et al., 2017; Seki et al., 2011). We 716 

interpret the fractionation between δDterr and δDaq (ε2Hterr-2Haq) to represent the amount of 717 

evaporative enrichment of soil and leaf water. We find an increasing trend in ε2Haq-2Hterr after 9.0 718 

ka, indicating a drying trend over most of the Holocene (Figure 8).  719 

 720 

Carbon isotope values of terrestrial plant waxes can also reflect local hydrology. In terrestrial 721 

plants, the fractionation of carbon isotopes during photosynthesis is controlled by the 722 

fractionation associated with gas diffusion through the stomata and the fractionation of the 723 
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Rubisco enzyme (Farquhar et al., 1982). When the environment becomes drier, the stomata on a 724 

plant’s leaves close to reduce evaporative loss of water, which reduces the fractionation between 725 

atmospheric CO2 and plant wax carbon, increasing plant wax δ13C values. Therefore, terrestrial 726 

plant carbon isotopes can also be used to infer past changes in moisture due to changes in leaf-727 

level isotopic fractionation (ε13Catm-13Cplant) that are associated with changing stomatal 728 

conductance and intrinsic water use efficiency (iWUE) (Ehleringer et al., 1993). iWUE increases 729 

over the Holocene, which is consistent with the drying trend interpreted from ε2Haq-2Hterr. 730 

 731 

Changes in carbon assimilation that are unrelated to moisture availability can also impact the 732 

water use efficiency of plants and can complicate δ13C-based hydroclimate interpretations. If 733 

other environmental factors such as increased light exposure or increased nutrients increase the 734 

photosynthetic capacity of a plant, ci is reduced and the carbon isotopic values of plant material 735 

become enriched, which is also expected at higher iWUE. Mesophyll conductance, or the 736 

diffusion of CO2 between substomatal cavities to the cite of CO2 fixation, is also an important 737 

factor for iWUE that is independent of hydrologically-driven changes in stomatal conductance 738 

(Seibt et al., 2008). By evaluating δD and δ13C together, those effects can be disentangled; if δD 739 

and δ13C co-vary it is likely that changes in relative humidity are the drivers (Scheidegger et al., 740 

2000), while a negative correlation suggests a change in photosynthetic capacity as the main 741 

driver of δ13C changes. iWUE shows similar trends to ε2Haq-2Hterr (Figure 8), with higher iWUE 742 

when there is more inferred evaporative enrichment of water isotopes. Thus, we infer from both 743 

proxies that a reduction in relative humidity occurred throughout the course of the Holocene.  744 

 745 
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Shifts in vegetation type in the watershed can also affect plant wax δD and δ13C values, 746 

independent of hydroclimatic change. The shift in long-chain plant wax δD and δ13C around 9.3 747 

ka is likely due to a change in vegetation. The period between 10.5 ka and 9.0 ka was 748 

characterized by a rapid rise and decline of Betula nana and a rapidly changing climate in the 749 

Faroe Islands (Hannon et al., 2010, 2003; Jessen et al., 2008; Johansen, 1985, 1981, 1975), after 750 

which the climate became more mild and vegetation became dominated by sedges, heath, and 751 

juniper scrub. After 9.0 ka and before 2.4 ka, there is no indication of major, sudden shifts in 752 

vegetation based on plant wax distributions (Figure 5) or from published pollen records that span 753 

the Holocene (Johansen, 1985, 1975).  754 

 755 

Hydroclimate reconstructions from the Arctic and North Atlantic regions are scarce compared to 756 

temperature reconstructions (Sundqvist et al., 2014), however they are critical to understanding 757 

past changes in the climate system. Reconstructions of glacier size in western Norway, which are 758 

thought to be dominantly controlled by winter precipitation amount, suggest that some regions 759 

experienced wetter conditions in the neoglacial period (Bakke et al., 2008) while others 760 

experienced drier conditions (Bjune et al., 2005). Pollen and lake level records from Northern 761 

Scandinavia also diverge, with some indicating a drying trend over the Holocene (Bigler et al., 762 

2002; Hammarlund et al., 2003) and some showing little hydrological changes after 6.0 ka 763 

(Seppa and Birks, 2001). Southern Scandinavian lake levels appear to have increased after 4.0 ka 764 

(Hammarlund et al., 2003), and a reduction in the humification of peat in northern Scotland after 765 

3.9 ka indicate wetter neoglacial conditions (Anderson et al., 1998). Our results from the Faroe 766 

Islands suggest a shift to drier conditions in the late Holocene.  767 

 768 
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5.4 The last 2.4 ka 769 

 770 

The Eiðisvatn core provides evidence for a major environmental shift beginning at ~2.4 ka (Unit 771 

4). This is perhaps most obvious in the LOI signal, which increases to ~40 % during this time. At 772 

the same time as the LOI peak, there are eight anomalously old radiocarbon ages. This implies a 773 

sudden input of old organic material, indicating rapid erosion that is documented elsewhere in 774 

the Faroes during the late Holocene (Hannon et al., 2005; Lawson et al., 2005; Olsen et al., 775 

2010). Associated with the peak in LOI, there is an increase in the δ13C values of long-chain n-776 

alkanes (Figure 6), potentially due to changes in vegetation associated with peat and/or grassland 777 

formation in the watershed. Additionally, there is a notable change in the distribution of plant 778 

waxes after 2.4 ka, primarily a large increase in the amount of C31 and C33 n-alkanes leading to 779 

higher n-alkane ACL (Figure 5). C31 and C33 are often attributed to grasses (Maffei, 1996), and 780 

this probably reflects a transition to grassland from a heath, sedge, and shrub-dominated 781 

landscape.  782 

 783 

The environmental shift that is recorded at 2.4 ka in the Eiðisvatn record could be explained by 784 

early human settlement on the Faroe Islands. Evidence from pollen records confirm that large, 785 

wild grass types (which, on Iceland, are an indication of human settlement) were present before 786 

2.82 ka (Hannon and Bradshaw, 2000). The first microcharcoal evidence of human settlement 787 

was dated to 1.38 ka (Hannon et al., 2005). A paleobotanical settlement horizon at Eiðisvatn was 788 

dated to between 1.3-1.55 ka (Hannon et al., 2001). Our evidence of landscape change predates 789 

the pollen evidence significantly; however, uncertainties in the age model after 2.4 ka make it 790 

difficult to conclude whether this disturbance interval is linked to the paleobotanical changes 791 
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observed by Hannon et al., 2001 and others, or if it indicates that erosion began to occur before 792 

the appearance of cereals and charcoal. Because of a lack of tall, deep-rooting plants, it is 793 

possible that the landscape was particularly sensitive to minor changes in climate, and late-794 

Holocene cooling triggered erosion in the watershed. Without compelling evidence of human 795 

settlement in the Faroes during this disturbance interval, it cannot be attributed to either human 796 

or climate drivers.  797 

 798 

5.5 Interglacial climate comparison 799 

 800 
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Mid-chain alkane δD values from the late LIG Klaksvík sediment, which are interpreted to 801 

represent precipitation δD, are similar to Holocene δD values from 8.1-4.0 ka (Figure 9), and are 802 

approximately 20‰ more positive than the average for the last 2.4 ka. This implies that late LIG 803 

regional temperatures were higher than the late Holocene, but similar to those of the early and 804 

middle Holocene. Furthermore, the late LIG ε2Hterr-2Haq values are most similar to Holocene 805 

values from Unit 2, and late LIG iWUE values are most similar to Holocene values from Unit 1 806 
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(Figure 9), suggesting that the late LIG was wetter than the mid-late Holocene. Previous studies 807 

of the Klaksvík LIG section have found Ajuga, statoblasts of Cristatella mucedo, and Betula 808 

sect. Albae, which suggest that summer temperatures were slightly higher than modern 809 

conditions (Bennike et al., 2018; Wastegård et al., 2005). Other than those few differences, most 810 

of the pollen and macrofossils from the late LIG section in the Faroes indicate that the vegetation 811 



 47 

was similar to the pre-settlement vegetation of the Holocene (Bennike et al., 2018; Wastegård et 812 

al., 2005). 813 

Figure 9. Comparison of LIG and Holocene plant wax δD values and paleohydrological proxies 814 

in the Faroe Islands. Box and whisker plots for each unit of the Holocene record for comparison 815 

to all LIG values. Dashed grey line indicates mean of the LIG values. 816 
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Global temperatures during the LIG are generally thought to have been higher than the present 817 

interglacial due to higher summer insolation, evidenced by higher temperatures in the Greenland 818 

(NEEM Community Members, 2013) and Antarctic (Jouzel et al., 2007) ice core records, sea 819 

level that was 6-9m higher than present (Dutton et al., 2015), various marine and terrestrial proxy  820 

records (Capron et al., 2014; Kaspar et al., 2005; Turney and Jones, 2010), and climate model 821 

simulations (Gierz et al., 2017; Otto-Bliesner et al., 2013).  As discussed in section 5.2.1, the δD 822 

of precipitation in this location represents temperature, moisture sources, and regional 823 

temperature gradients related to the amount of ocean and atmospheric heat transport from lower 824 

latitudes. Modeling studies of precipitation isotopes during the LIG indicate that annually 825 

averaged precipitation isotopes may have been more negative in the North Atlantic during the 826 

LIG compared to modern (Gierz et al., 2017). Summer precipitation shows slightly more positive 827 

isotope values in the North Atlantic for the 125 ka time slice, but more negative values for 120 828 

and 130 ka (Gierz et al., 2017). This suggests that even if global temperatures were warmer and 829 

precipitation isotopes in other regions were more positive, the North Atlantic and more 830 

specifically the Faroe Islands may be an exception, and overall the climate in this part of the 831 

North Atlantic may have been very similar to the Holocene during the LIG.  832 

 833 

Because of the uncertainty inherent in dating terrestrial LIG archives, it is difficult to ascertain 834 

precisely which part of the LIG the Klaksvík section captures, however previous studies have 835 

suggested that it encompasses the late LIG and does not include the beginning of the LIG period. 836 

Greve (2001) inferred that the Klaksvík sequence spans approximately 5ky-8ky after 124 ka 837 

through a comparison of the Klaksvík pollen sequence to European pollen sequences from the 838 

Eemian (Zagwijn, 1996) and the presence of the 53-Midt/RHY tephra. Given the Holocene 839 
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sedimentation rate we observe in our Eiðisvatn record, it is reasonable that the ~1m of LIG 840 

sediment could represent 5-8 ky of the late LIG. The chronological uncertainties for the LIG 841 

section at Klaksvík are not unique to this location, due to the difficulties in dating terrestrial 842 

material from the LIG. However, the section at Klaksvík still provides a useful snapshot of late 843 

LIG conditions at this North Atlantic site.  844 

 845 

Paleoclimate records and modeling studies show different peak warming periods during the LIG 846 

(Capron et al., 2014; Otto-Bliesner et al., 2013; Pfeiffer and Lohmann, 2016). Some marine 847 

records in the North Atlantic and the NEEM ice core show early peak warming (~130ka), 848 

followed by cooling, generally matching the LIG northern hemisphere summer insolation curve 849 

(Cortijo et al., 1994; Fronval et al., 1998; Manthé, 1998; Oppo et al., 2006). However, the two 850 

closest marine sea surface temperature records (MD95-2009 and ENAM 33) on either side of the 851 

Iceland-Faroe Ridge show late peak warmth, after the deposition of the 53-Midt/RHY tephra that 852 

is present in both the Klaksvík section and the MD95-2009 record (Capron et al., 2014; Manthé, 853 

1998; Rasmussen et al., 2003). While it is possible that peak warmth occurred early in the LIG, 854 

and that the late LIG sequence preserved in the Faroe Islands does not encompass the warmest 855 

interval of the LIG period, these local sea surface temperature records suggest delayed warming 856 

in the North Atlantic region relative to insolation forcing, unlike Holocene SST records and our 857 

record from the Faroes, which suggests that regional temperatures and northward moisture 858 

transport were closely tied to insolation forcing and peaked during the early Holocene. Van 859 

Nieuwenhove et al., 2011 attribute the delayed incursion of warm North Atlantic waters in the 860 

Nordic Seas to lingering effects of the Saalian Ice Sheet and the boundary conditions created by 861 

different ice sheet configurations following Termination II. Although our data cannot speak to 862 
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conditions during the early LIG, they do indicate warmer-than-present conditions during the late 863 

LIG period and are consistent with local SST records that suggest late LIG warming.   864 

 865 

Despite the age uncertainties of the Klaksvík sediment, comparison of the same climate proxy in 866 

nearly the same geographic locations allows us to place this snapshot of the late LIG in the 867 

context of the climate evolution of the Holocene. It is well-established that most of the North 868 

Atlantic and Arctic was warmest during the early- to mid-Holocene, and that preindustrial and 869 

Little Ice Age temperatures are potentially the coldest since the last glacial period or the Younger 870 

Dryas (Marcott et al., 2013; Marsicek et al., 2018). Here, we infer that late LIG conditions in this 871 

region were similar to early Holocene conditions. 872 

 873 

6. Conclusion 874 

We report Holocene and late Last Interglacial (LIG) paleoclimate reconstructions from Lake 875 

Eiðisvatn on the island of Eysturoy and a lacustrine sediment unit from Klaksvík, Borðoy Island 876 

in the Faroe Islands, based on hydrogen and carbon isotopes of sedimentary plant waxes. The 877 

trends in hydrogen isotope values of terrestrially- and aquatically-derived plant waxes are used to 878 

infer that the Faroe Islands became progressively drier and that there was a reduction in the 879 

northward transport of heat by the ocean and atmosphere to the northern North Atlantic 880 

throughout the course of the Holocene. This conclusion is based on the interpretation that the 881 

hydrogen isotopes of long-chain n-alkanes reflect the isotopic composition of soil and leaf water 882 

that was subject to isotopic enrichment due to evaporation, while the shorter chain n-alkanes 883 

reflect lake water that tracks precipitation isotopes. The carbon isotopes of long-chain n-alkanes, 884 

which reflect the intrinsic water use efficiency of terrestrial plants, support this interpretation and 885 
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suggest that moisture availability decreased throughout the Holocene. This study provides the 886 

first Holocene paleohydrologic reconstruction for the Faroe Islands. By comparing the same 887 

climate proxy measurements to those made on plant waxes preserved in late LIG-aged 888 

sediments, we are able to place the climate conditions of the late LIG in the Faroe Islands into 889 

the context of Holocene climate and to conclude that late LIG climate in the Faroe Islands was 890 

warmer and wetter than present, and most similar to the conditions of the mid to early Holocene. 891 
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