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Abstract 

The only wild, self-sustaining population of endangered whooping crane (Grus americana) 

breeds within a remote, pond-rich, groundwater discharge region in and adjacent to Wood Buffalo 

National Park where there is concern for habitat degradation by climate change. Due to their small 

area and volume, shallow ponds respond rapidly to changes in climate and are vulnerable to 

desiccation, which can reduce breeding success by altering food availability and encounters with 

predators. Hydrological information is scant in this remote region, and longer time-series of data 

are needed to anticipate how shallow water breeding habitat will respond to future climate 

warming. Here, contemporary measurements (2022-2023) at three shallow ponds that range from 

weakly to strongly connected to groundwater are integrated with paleolimnological analyses, 

which span the past ~300-400 years and capture the cold, arid Little Ice Age and subsequent 

warming, to improve understanding of hydrological responses to climate variation. 

Correspondence of pond water 18O inferred from sediment carbonate (carbonate-inferred 18Opw) 

with contemporary measurements of pond water 18O indicates that carbonate-inferred 18Opw 

provides a reliable methodology to reconstruct past variation in pond water 18O. Evidence 

suggests two of the three ponds desiccated during the mid- and late 1700s when the climate of the 

Little Ice Age was arid. At pond SK 31, where connectivity to groundwater is weak, carbonate-

inferred 18Opw increased during this interval and exceeded the contemporary estimate of the 

terminal basin steady-state isotope composition, indicating strongly negative water balance 

prevailed due to evaporation. Similar strong net evaporation and near-desiccation has been 

detected during the same time interval from a record of cellulose-inferred lake water δ18O at a 

shallow upland lake located ~175 km to the south (Wolfe et al., 2005), which provides confidence 

in the interpretations based on carbonate-inferred δ18Opw at SK 31. At pond SK 58, where 

connectivity to groundwater is strong but desiccation occurred in 2023 and 2024 likely by vertical 

seepage, the stratigraphic record of carbonate-inferred δ18Opw reveals no evidence of enrichment 

by evaporation during the mid- and late 1700s. A distinctive peak in C/N ratios in sediment 

deposited ~1790 suggests, however, that an apparently rare desiccation, or near-desiccation, event 

may have occurred by vertical seepage when SK 31 and PAD 5 also nearly desiccated by 

evaporation. Smaller C/N-ratio peaks in ~1908 and ~1998 may capture two other short-lived near-

desiccation events at SK 58. Recent observed desiccation at SK 58 in 2023-2024 occurred when 

unusually arid climate conditions resulted in a decline in water level of 60 cm in Great Slave Lake 
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to the lowest levels recorded by the 84-year-long record. At pond SK 26, low carbonate-inferred 

18Opw values throughout the ~280-year record provide no evidence of drawdown by evaporation 

and suggest there may have been shifting sources and discharge of groundwater, which may be 

indicative of the spatial and temporal variability of past hydrological conditions across this 

complex landscape. Overall, pond desiccation, including the recent drying of SK 58, appears to be 

a largely rare occurrence since 1800 but may become increasingly common with ongoing climate 

change.  
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Chapter 1: Introduction 

A remote wetland-rich region spanning northern Alberta and southern Northwest Territories 

supports critical breeding habitat for the last remaining self-sustaining, migratory population 

(Aransas-Wood Buffalo) of whooping crane (Grus americana). Whooping crane is North 

America’s tallest bird and amongst the rarest, and it has been on the endangered species list for 

decades since reaching near-extinction in the 1940s when just 16 individuals remained due to 

overhunting and habitat loss (Chavez-Ramirez and Wehtje, 2012). Whooping cranes remain 

vulnerable to extinction because of their small population size, slow reproductive rate (mating 

pairs typically rear a single chick per year; Boyce et al., 2005), limited distribution, and 4,000-km-

long migration between winter habitat in Texas and summer breeding area in and adjacent to Wood 

Buffalo National Park (WBNP) (Timoney et al., 1997; Chavez-Ramirez and Wehtje, 2012). Their 

breeding habitat is listed as a Ramsar Wetland of International Importance (Ramsar site 240 – 

Whooping Crane Summer Range (WCSR)), and about 80% of it is protected within WBNP. 

Abundant wetland breeding habitat within the karst terrane of the WCSR contributes to WBNP’s 

designation as a UNESCO World Heritage site. In 2014, Mikisew Cree First Nations (MCFN) 

petitioned UNESCO for WBNP to become listed as “World Heritage in Danger”, in part because 

of concern for the vulnerability of whooping crane habitat to climate change (MCFN, 2014). In 

response, a report from the WHC/IUCN Reactive Monitoring Mission listed 17 recommendations 

to avoid a downgrade in status and maintain the ecological integrity of the park. Recommendation 

#16 advocates for continued monitoring of “the entire used and potential nesting area of the 

whooping crane within the Greater WBNP Ecosystem so as to be able to respond to possibly 

changing management requirements” (WHC/IUCN, 2017; pg. 5).  

Whooping cranes are highly dependent on shallow (typically <50 cm) wetland habitat (open-

water wetlands (hereafter referred to as ponds) and emergent marshes with open water and adjacent 

shrubby fen) where they obtain preferred food (e.g., aquatic invertebrates, amphibians) and nest 

material (e.g., bullrush). The cranes build their nests near the shorelines where they benefit from 

long sight lines for predator detection (Chavez-Ramirez and Wehtje, 2012; Timoney et al., 1997; 

Timoney, 1999). Despite conservation successes, which have assisted growth of the Aransas-Wood 

Buffalo population to about 500 individuals, climate-driven changes to water levels remain a threat 
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to their reproductive success (Kuyt et al., 1992; Timoney et al., 1997; Timoney, 1999). Rise of 

water levels can inundate the nests and drown fledglings, whereas decline of water levels may 

increase access to nests by predators, leading to increased mortality of eggs and fledglings. 

Indirectly, there is also evidence that changes in water levels alter the abundance of aquatic 

invertebrates and vertebrates that form their diet (Kuyt and Barrie, 1992; Timoney, 1999). Studies 

by Timoney et al. (1997) and Timoney (1999) revealed that pond water levels fluctuate annually, 

with maxima after the freshet and minima in late summer, and that some ponds may dry up 

completely by late summer. Hydrological investigations by McNaughton (1991) at nine ponds in 

the Sass and Klewi Nesting Areas (SKNA) of the WCSR, where known breeding has occurred for 

the longest duration and nest density is greatest (Allen, 1956; Kuyt, 1981, 1993; Timoney, 1999), 

document that the ponds occupy areas of groundwater discharge in the karst terrane but 

groundwater discharge was insufficient to maintain pond water levels during years with low 

rainfall. Water isotope and chemistry measurements at six ponds in the Nyarling area of the WCSR 

by Déri-Takács et al. (2022) identified influence of groundwater that interacts with gypsum-rich 

substrate of the Muskeg Formation. Most recently, integrated measurements of water isotope 

composition, depth and chemistry by Neary (2025) at 63 well dispersed ponds and wetlands across 

the SKNA in 2022, when above-average snowpack was followed by below-average rainfall, 

revealed that peak pond water levels occurred in the spring due to input of snowmelt runoff. Spatial 

variability of the measurements increased during summer and fall as influence of groundwater 

waned and influence of evaporation on water isotope composition increased at some, but not all, 

of the waterbodies. Using geospatial interpolation of a multi-metric ‘Vulnerability Index’, Neary 

(2025) revealed that whooping crane nest locations in 2022 cluster within areas where waterbodies 

retained strong connectivity to groundwater and risk of desiccation is lower. While the above 

studies were instructive to elucidate important hydrological processes that operate at seasonal time 

scales, there is no knowledge of how pond hydrology responds to longer-term climate variation 

(e.g., decades to centuries). Such knowledge would, however, help anticipate responses of critical 

whooping crane breeding habitat to ongoing climate change and variability. 

Paleolimnological analyses of sediment cores provide longer time series of measurements than 

can typically be generated by contemporary studies and may provide important insights into the 

hydrological responses of the shallow waterbodies to changes in climate (Smol et al., 2001; Cohen, 

2003; Smol, 2008, 2010). Here, contemporary measurements of water isotope composition 
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(seasonal) and depth (hourly) during open-water seasons of 2022-2023 from three ponds within 

SKNA that range from weakly to strongly connected to groundwater are integrated with 

paleolimnological analyses to improve understanding of hydrological responses to climate 

variation. The paleolimnological records span the past ~300-400 years and capture the cold, arid 

Little Ice Age and subsequent warming. Oxygen isotope composition in water and components of 

sediment can be used to track changes over time in hydrological processes which influence pond 

water balance and depth, such as input by groundwater or precipitation and loss via evaporation 

(e.g. Wolfe et al., 2005; Li et al., 2020; Zabel et al., 2022; Wagner et al., 2025). A focus of this 

study is measurement of the oxygen isotope composition of carbonate (carbonate δ18O) in the 

sediment. Carbonate δ18O can be used to infer past changes in oxygen isotope composition of pond 

water if the carbonate has precipitated in the water column and water temperature can be 

constrained (Kim and O’Neil, 1997; Leng and Marshall, 2004; Li et al., 2020; Wagner et al., 2025). 

Some shallow ponds in SKNA may be prone to desiccation (Timoney et al., 1997; Neary, 2025), 

which may cause a hiatus of sediment deposition and complicate inferences derived from 

stratigraphic analyses of paleolimnological measurements, including radiometric dating of 

sediment cores. Thus, contemporary water isotope measurements obtained in August 2022 were 

used to select three ponds for paleolimnological investigation that span a range of connectivity to 

groundwater and, hence, vulnerability to desiccation. Due to the possibility that the sediment cores 

captured past intervals of pond desiccation, this study addresses whether the stratigraphic records 

are datable by 210Pb methods (Objective 1). Also, assumptions are tested that the carbonate is 

endogenic (i.e., precipitated directly from the water column), and that the carbonate δ18O and an 

estimate of water temperature can be used to reasonably estimate pond water δ18O (Objective 2). 

To do this, the carbonate-inferred pond-water oxygen isotope composition in surface sediment 

obtained in 2022, constrained by measurements of water temperature, is compared to the oxygen 

isotope composition of pond water measured in summer of 2022. Then, stratigraphic records of 

carbonate-inferred pond-water δ18O at each pond are evaluated and compared among the ponds to 

reconstruct past changes in hydrological processes influencing pond water balance (Objective 3). 

Observation in 2024 that one of the three ponds desiccated after two successive arid summers 

likely by vertical seepage, a process of water loss that does not fractionate water isotopes, 

prompted assessment of additional paleolimnological measurements (i.e., carbon-to-nitrogen 

ratios) on the core from that pond to determine the frequency of episodes of desiccation by vertical 
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seepage during the past ~350 years (Objective 4). The knowledge gained from this research is 

intended to help anticipate how future climate change may influence shallow waterbodies in the 

critical nesting habitat used by Aransas-Wood Buffalo whooping crane and inform ongoing 

monitoring efforts addressing Recommendation #16 from the WHC/IUCN Reactive Monitoring 

Mission.   
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Chapter 2: Methods 

Site selection 

The WCSR spans from northern Alberta to just south of Great Slave Lake in NWT where 

six pond- and wetland-rich nesting areas have been identified (Lobstick, Alberta, Sass, Klewi, 

Nyarling and North Nyarling) in north-central Wood Buffalo National Park (WBNP) (Environment 

Canada, 2007). In these areas, the whooping cranes build nests, lay eggs, and raise fledglings. 

Seasonal measurements of water isotope composition and chemistry (May, August, September) 

and hourly measurements of water depth were obtained in 2022 from 63 well-dispersed ponds (one 

per 3x3-km grid cell) across SKNA (Figure 1; Neary, 2025). The ponds were placed into three 

categories of groundwater connectivity defined based on isotope mass-balance modelling of 

evaporation-to-inflow (E/I) ratios. Ponds with E/I ratio <0.5 in August 2022 were classified as 

strongly connected to groundwater; ponds with E/I ratio >1 in September 2022 were classified as 

weakly connected to groundwater; and ponds that did not place into either category were classified 

as moderately connected to groundwater. Neary (2025) demonstrated that water levels drew down 

in all three categories, but the drawdown was less in the waterbodies with strong (median = 23.3% 

of initial depth) versus weak (median = 43.8%) connectivity to groundwater. The ponds with weak 

connectivity lost water mainly by evaporation, whereas the ponds with strong connectivity lost 

water mainly by vertical seepage. Vertical seepage occurs when the water table drops enough to 

allow water to seep out of the sides and bottom of ponds due to insufficient recharge of 

groundwater from precipitation. 

Based on water isotope and depth measurements in August 2022, six of the ponds were 

selected for sediment core collection (SK 15, SK 26, SK 31, SK 51, SK 58, SK 43; Figure 1) and 

three of these ponds (SK 31, SK 26, SK 58; Figure 1) were selected for paleolimnological analysis. 

These ponds were selected because they span the range of water isotope composition (Figure 2) 

and their water depth exceeded 0.5 m in June 2022, which reduces risk of prior desiccation. SK 31 

(September 2022 E/I ratio = 1.49) was categorized as weakly connected to groundwater by Neary 

(2025), whereas SK 26 (August 2022 E/I ratio = 0.22) and SK 58 (August 2022 E/I ratio = 0.33) 

were categorized as strongly connected. SK 31 was 0.84 m deep in June 2022 and had relatively 

high water isotope composition, close to δSSL (the isotope composition of a terminal waterbody 

when evaporation is equal to inflow), due to enrichment by evaporative water loss, suggesting its 
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water levels may be strongly responsive to variation over time in precipitation and evaporation. 

This feature, however, may predispose SK 31 to desiccation during arid intervals, which could 

result in discontinuous sedimentation and an incomplete stratigraphic record with poor 

chronological control. In contrast, SK 26 (0.82 m deep) and SK 58 (0.58 m deep) had relatively 

low water isotope compositions in August 2022, reflecting strong influence of inflow of 

isotopically depleted groundwater (Neary, 2025) that offset enrichment by evaporation. As a 

consequence, they may be less prone to desiccation than SK 31, which increases the probability of 

obtaining continuous, datable sediment records. 

 

Figure 1. Map of the Sass and Klewi Nesting Areas (SKNA; light green) located within the 

Whooping Crane Summer Range. Among the 63 seasonally sampled ponds (black-filled circles), 

sediment cores were collected from six ponds in September 2022 (labelled). Ponds SK 26, SK 31 

and SK 58 are the focus of this project. Inset map shows the location of the SKNA (light green) 

within WBNP (dark green). Map created by Laura Neary.  
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Figure 2. Scatterplot showing the water isotope composition (δ2H, δ18O) of 63 ponds (grey, red) 

measured in August 2022 in relation to the Local Meteoric Water Line (LMWL) derived from 

measured isotope composition in precipitation collected at Fort Smith (NT) during 1960-1969 (δ2H 

= 6.7 δ18O - 19.2) by the Global Network for Isotopes in Precipitation (IAEA/WMO n.d.). The 

predicted Local Evaporation Line (LEL) represents the expected trajectory of isotope composition 

in a waterbody fed by local amount-weighted mean annual isotope composition of precipitation 

(P) as it undergoes evaporation (from Neary, 2025). The LEL extends to δ*, the limiting isotope 

composition of a desiccating waterbody, and δSSL represents the isotope composition of a terminal 

waterbody when evaporation is equal to inflow. Ponds SK 26, SK 31 and SK 58 (red) span much 

of the range of water isotope composition captured by the 63 ponds. 

 

The three ponds selected for paleolimnological analyses span the latitudinal range of 

SKNA (Figure 1), and they possess some unique morphological features (Figure 3). SK 26, the 

northernmost pond, is located north of Klewi River. Its water-saturated catchment supports dwarf 

shrubs and discontinuous forest. The catchment of SK 31, located south of Klewi River (Figure 

1), supports dense growth of trees and shrubs. In August and September 2022, exposed shoreline 



8 
 

and desiccated small, hydrologically connected adjacent basins provide evidence of recent water-

level drawdown. SK 58, the southernmost pond, is located south of Sass River. Its catchment has 

a well-defined border of large, mature trees, and emergent vegetation occurs within the central 

region of the pond. The trees likely identify the shoreline when former water levels were highest, 

whereas the emergent plants standing in water likely reflect their encroachment into the basin when 

water levels were lower in recent years compared to summer of 2022.  

 

 

 

 

 

 

 

Figure 3. Aerial photos of ponds where the sediment cores analyzed in this study were obtained. 

The photos were taken in September 2022. 

 

Fieldwork 

Spatial surveys of 63 ponds were conducted in May (spring), August (summer) and 

September (fall) of 2022, and the results are reported in Neary (2025). A survey was also conducted 

in spring 2023, but sampling campaigns in summer and fall 2023 were cancelled due to nearby 

extensive wildfires. Seasonal sampling resumed in 2024. Data loggers (Onset HOBO pressure 

transducers; Model U20–001–01, 4-m range, 0.3-cm accuracy) were deployed at each pond in the 

spring (recording began June 1) and collected in the fall (September 15) of 2022. In 2023, loggers 

were deployed in spring (recording began June 1) and remained in the ponds during the next winter 

until collection in spring 2024 (May 24-26). The loggers recorded hourly measurements of 

temperature and pressure. Loggers were attached to the base of a rope connecting an anchor (rock-

filled sock) to a wooden float and deployed at the sediment-water interface in a central region of 

each pond. One 30 ml water sample was collected at a depth of ~10 cm from each pond for 

measurement of water isotope composition on May 28-29, August 9-10, and September 15-17 in 

2022 and May 23-24 in 2023.  

SK 26 SK 58 SK 31 
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Sediment cores were collected from a central location of ponds SK 26, SK 31 and SK 58 

on September 16 and 17, 2022, using a hammer-assisted gravity corer (Telford et al., 2021) 

operated from the pontoon of a helicopter. Within 24 hours of collection, sediment cores were 

sectioned vertically into 0.5-cm intervals, individually sealed in Whirl-Pak bags, and stored in a 

refrigerator until further analyses. Two cores were collected from SK 26 and SK 31, and the longer 

core was designated as the primary core for analysis. A single core was collected from SK 58. 

Sediment cores were collected at pond depths of ~0.40 m, ~0.38 m, and ~0.22 m at SK 26, SK 31 

and SK 58, respectively. Primary (and secondary) core lengths are 70.5 cm (51.0 cm) at SK 26, 

77.0 cm (68.5 cm) at SK 31, and 32 cm at SK 58. Recently deposited surface sediments (uppermost 

~1 cm) were collected from a central deepwater region of SK 26, SK 31 and SK 58 on May 27 and 

28, 2024, using a Mini-Glew gravity corer (Glew, 1991).  

Laboratory analysis  

Contemporary hydrological measurements  

Water isotope composition  

Water samples were analyzed for water isotope composition at the University of Waterloo 

– Environmental Isotope Laboratory (UW-EIL) using a Los Gatos Research Liquid Water Isotope 

Analyser (model T-LWIA-45-EP). Samples were run in duplicates at a minimum of every tenth 

sample and a suite of water standards (Vienna Standard Mean Ocean Water (VSMOW), Standard 

Light Antarctic Precipitation (SLAP)) from the International Atomic Energy Agency (IAEA) were 

used as reference materials. Isotope compositions were reported as ẟ18O (‰ VSMOW ±0.2‰) and 

ẟ2H (‰ VSMOW ±0.8‰), where ẟSample = [(Rsample/RVSMOW) -1], and R is the sample and VSMOW 

ratio of 18O/16O or 2H/1H. Results of ẟ18O and ẟ2H are normalized to -55.5 ‰ and -428 ‰, 

respectively, for SLAP (Coplen, 1996). Data from this analysis are reported in Tables A1-A3 of 

Appendix A. 

Water depth variation  

Water depth was calculated from hourly measurements of absolute pressure (psi) and 

temperature recorded by the data loggers in each pond and measurements of air pressure and 

temperature by a logger suspended in the air in Fort Smith (NT), using the Barometric 

Compensation Assistant in HOBOware Pro software. The water depth measurements spanning the 

2022 open water season are from Neary (2025). For each year (2022, 2023), the magnitude of 
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drawdown at each pond between June 1 and September 15 is expressed as a year-specific 

percentage of the initial water depth recorded on June 1st.  

Paleolimnological analyses  

Radiometric dating  

Age-depth relations of the sediment cores were determined using 210Pb and 137Cs 

methodologies (Appleby and Oldfield, 1978; Appleby, 2001). For cores from all three ponds, 

subsamples of sediment were taken from each well-mixed 0.5-cm interval through the upper 15 

cm, from every second 0.5-cm interval between 16 and 20 cm, and every fourth 0.5-cm interval 

below 20 cm. For each sample, a measured mass of freeze-dried sediment was tightly packed into 

pre-weighed polycarbonate tubes up to an approximate height of 3.5 cm. The sediment was sealed 

with a silicone septum and 1 cm2 of epoxy resin and left undisturbed for a minimum of 21 days to 

allow for equilibration of parent (222Rn) and daughter (226Ra) radioisotopes. An Ortec HPGe 

Digital Gamma Ray Spectrometer and Maestro 32 software were used to measure activity of 

radioisotopes 210Pb, 226Ra (via the weighted mean of daughter radioisotopes 214Pb and 214Bi) and 

137Cs. 226Ra, the parent isotope of 210Pb, was used to determine supported 210Pb activity, while 

unsupported 210Pb activity (i.e., excess 210Pb derived from the decay of atmospheric 222Rn), was 

determined by subtracting supported 210Pb activity from total 210Pb activity. The Constant Rate of 

Supply (CRS) model was used in conjunction with estimated unsupported 210Pb activity to 

determine age-depth relations and rates of sedimentation. Estimated ages below background depth 

(estimated as the depth where total 210Pb activity equals 226Ra activity) were linearly extrapolated 

using dry mass of sediment. 137Cs activity profiles were assessed for a peak associated with an 

increase in atmospheric concentrations of 137Cs in 1963 caused by above-ground nuclear weapons 

testing. Data generated from this analysis are reported in Tables B1-B6 of Appendix B.  

Loss-on-ignition  

Loss-on-ignition analysis was performed to determine stratigraphic variation in bulk 

sediment composition, including organic matter, mineral matter and carbonate content (Heiri et 

al., 2001). A measured mass (approximately 0.5 g, and up to 1.0 g) of wet sediment was 

subsampled from each well-mixed 0.5-cm interval and placed into pre-weighed crucibles. The 

sediment was heated sequentially at a series of three different temperatures and placed into a 

desiccator to cool for two hours before recording the loss in mass following each temperature 
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treatment. Dried sediment (at 90C for 24 hours) was heated in a muffle furnace at 550C for two 

hours to determine organic matter content (as the mass lost) and mineral matter content (as the 

mass remaining). Then, the remaining mineral sediment was combusted at 950C for two hours to 

remove carbonates. The loss of mass following this combustion was then multiplied by 1.36 to 

determine the carbonate content (Dean, 1974). Data generated from this analysis are reported in 

Tables C1-C3 of Appendix C. 

Carbonate oxygen isotope composition  

The oxygen isotope composition of sediment carbonate was measured to reconstruct the 

oxygen isotope composition of pond water. Details of sample preparation and analysis are provided 

in Appendix D. Briefly, a subsample of approximately 0.2-0.5 mg of well-mixed, finely ground, 

freeze-dried sediment was taken from every second 0.5-cm interval of the sediment core from each 

pond and from surface sediments collected in 2024. Subsamples were placed into a 5 ml exetainer 

glass vial and sealed with a septum (pre-baked for 24 hours to remove impurities) and a rubber 

cap. The exetainer glass vials were connected to a dual needle system attached through the septum 

and flushed with helium for 5 minutes at a target flow rate of 100-200 ml/min to remove all carbon 

dioxide and oxygen in the vials’ headspace. Subsamples were then acidified with approximately 

100 µl of purified phosphoric acid to evolve CO2 from carbonates, which was then analyzed at the 

UW-EIL using a dual inlet isotope ratio mass spectrometer (Thermo Delta V Plus). Results are 

reported as δ18Ocarb values (‰) relative to the VPDB standard with analytical uncertainty of ± 

0.2‰. Data generated from this analysis (also including 13Ccarb) are reported in Tables E1-E3 of 

Appendix E. 

The oxygen isotope composition of pond water (δ18Opw) was inferred from the oxygen 

isotope composition of sediment carbonate (δ18Ocarb) using the calcite-water equilibrium equation 

from Leng and Marshall (2004): 

𝑇 = 13.8 − 4.58(𝛿18𝑂𝑐𝑎𝑟𝑏 − 𝛿18𝑂𝑝𝑤) + 0.08(𝛿18𝑂𝑐𝑎𝑟𝑏 − 𝛿18𝑂𝑝𝑤)2              (1)  

where T represents the temperature (C) at which carbonate forms within the pond water column. 

This equation was rearranged to solve for δ18Opw: 

𝛿18𝑂𝑝𝑤 = 8 ∗ 𝛿18𝑂𝑐𝑎𝑟𝑏 −
229+ √800𝑇+41401

8
               (2) 
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where T was calculated using the mean hourly pond water temperature during the open water 

season of 2022, as recorded by the water-depth loggers (June 1 – September 15), and applied to 

each stratigraphic interval. Pond-specific mean water temperatures were 17.87C, 17.59C and 

20.09C for SK 26, SK 31 and SK 58, respectively. For carbonates formed at equilibrium with 

pond water, the oxygen isotope composition decreases by ~0.24‰ for each 1C increase in 

temperature (Craig, 1965). To account for potential water temperature variation during the time 

intervals captured by the sediment cores, an uncertainty of ±5°C was applied to the estimated 

δ18Opw values for each stratigraphic interval. Because average air temperature at Fort Smith (NT) 

between May 1 and September 30 (representing the open-water season) varied by ±1.3 oC 

(standard deviation) during the 1991-2020 climate normal period, a ± 5°C variation is considered 

reasonable to incorporate potential pond water temperature variation during the past ~300-400 

years captured by the sediment cores.  

Organic carbon and nitrogen elemental content and isotope composition 

Ratios of organic carbon to nitrogen content (C/N) were used to track variation in the 

source of sediment organic matter at SK 58, following standard methods (Wolfe et al., 2002). The 

analysis of organic carbon and nitrogen content was performed only on the sediment core from SK 

58 to help determine if this pond may have desiccated in the past, because we observed it to dry 

out completely in 2023 and 2024 but did not capture this event in the δ18Opw inferred from surface 

sediment carbonate δ18O (collected in 2024), presumably because the pond desiccated due to 

vertical seepage which does not lead to oxygen isotope fractionation of pond water. Subsamples 

of wet sediment from each well-mixed 0.5-cm interval of the core from SK 58 were treated with 

10% (by volume) hydrochloric acid (HCl) at 60°C for 2 hours to remove inorganic carbon (i.e., 

carbonate). Samples were then rinsed with deionized water to remove acid residues, freeze-dried, 

weighed and submitted for analysis at the UW-EIL. Measurements were made after combustion 

conversion from solid to gas using a 4010 Elemental Analyzer coupled to a Delta Plus XL 

continuous flow isotope ratio mass spectrometer (CFIRMS). Samples were run in duplicates at a 

minimum of every tenth sample. Results are reported as weight ratios of organic %C to %N. The 

results from this analysis, including measurements of organic carbon and nitrogen isotope 

composition, are reported in Table F1 of Appendix F.   
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Chapter 3: Results and Discussion 

Contemporary hydrology  

 

Figure 4. Scatterplots showing seasonal variation of water isotope composition at ponds SK 31, 

SK 26 and SK 58 in May, August, and September 2022 and May 2023 in relation to the Local 

Evaporation Line (LEL) and the Local Meteoric Water Line (LMWL) (as also reported in Figure 

2). SK 31 is weakly connected to groundwater while SK 26 and SK 58 are classified as strongly 

connected to groundwater (Neary, 2025).  

 

Water isotope compositions at SK 31, SK 26 and SK 58 plot closely along the LEL, but 

they differ in position and temporal variation. At all three ponds, water is most isotopically 

depleted (near δP) in May 2022 (δ18O: -18.7 to -16.5 ‰; δ2H: -152.1 to -143.3 ‰) due to substantial 

inflow of isotopically depleted snowmelt and possibly groundwater discharge (Neary, 2025). In all 

three ponds, values are lower in May 2022 than in May 2023, likely due to greater inflow of 

snowmelt after an unusually thick snowpack and delayed freshet in 2022 (Neary, 2025). Pond 

water isotope composition increases in August and September 2022 in response to very little 

rainfall and low relative humidity, which increased rates of evaporation. The greatest isotopic 

enrichment occurred at SK 31 in August 2022 (δ18O: -8.4 ‰; δ2H: -109.7 ‰) when the 

composition approached δSSL, and in September 2022 (δ18O: -6.9 ‰; δ2H: -101.7 ‰) when it 

exceeded δSSL. This suggests evaporative water loss exerts strongest influence on water balance at 
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SK 31. In contrast, water isotope composition remained low at SK 26 in August (δ18O: -16.3 ‰; 

δ2H: -142.0 ‰) and September 2022 (δ18O: -16.2 ‰; δ2H: -139.2 ‰), identifying strong influence 

of isotopically depleted input waters that offset enrichment by evaporation. Water isotope 

composition in August and September 2022 is comparable to the May 2023 value, consequently, 

SK 26 is interpreted to maintain strong influence of an isotopically depleted input source (i.e., 

groundwater discharge) throughout the open water season even when summer rainfall is low 

(Neary, 2025). Water isotope composition in August (δ18O: -14.3 ‰; δ2H: -133.6 ‰) and 

September (δ18O: -10.9 ‰; δ2H: -118.1 ‰) 2022 at SK 58 is intermediate between that of the other 

two ponds and remains below δSSL. Given SK 58 lacks a visible outflow channel, this suggests 

intermediate influence of inflow from groundwater or precipitation and loss via evaporation on 

water isotope composition relative to the other two ponds.  

 

Figure 5. Time series of hourly water depth measurements from ponds SK 31, SK 26, and SK 58 

during the open water seasons (June 1 – September 15) of 2022 (light blue line) and 2023 (dark 

blue line). Aerial photos are presented at each pond in summer 2022 and spring 2024. The percent 

values identify the water-level drawdown relative to the starting depths recorded on June 1, 2022 

and June 1, 2023. 
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During the open water seasons of 2022 and 2023, water levels declined at all three ponds from 

their initial depth recorded on June 1 (Figure 5). Between June 1 and September 15 of 2022, the 

drawdown was 0.27 m, 0.19 m, and 0.20 m at SK 31, SK 26 and SK 58, respectively. When 

expressed as a percentage of the initial depth in 2022 the drawdown magnitude is 31.7% at SK 31, 

23.4% at SK 26, and 34.3% at SK 58 (Neary, 2025). The drawdown was greater between June 1 

and September 15 of 2023, with declines of 0.33 m (62.2%), 0.29 m (42.1%) and 0.28 m (100%) 

at SK 31, SK 26 and SK 58, respectively. Figure 5 does not show the decline of water depth that 

occurred after September 15, 2022 and before June 1, 2023. When these declines are factored in, 

the drawdown between June 1, 2022 and the end of the record in 2023 is 0.64 m (75.8%) at SK 

31, 0.41 m (50.7%) at SK 26, and 0.58 m (100%) at SK 58 (Figure 5). The measurements at SK 

58 identify complete desiccation occurred during the last week of July 2023, and aerial imagery 

reveals SK 58 was also a dry basin in spring (Figure 5) and fall of 2024. Wildfires prevented 

sampling in summer and fall of 2023 for analysis of water isotope composition, thus the 

hydrological processes responsible for the drawdown, and desiccation at SK 58, during the open 

water season of 2023 cannot be discerned from these data alone.  

Paleolimnological results  

Do the ponds contain datable stratigraphic records? 

Deposition of sediment may cease or become reduced during intervals when ponds desiccate, 

and sediment may be lost via transport by wind and other processes, which presents challenges in 

obtaining a reliable 210Pb-derived chronology for analysis of sediment cores. When the bottom 

sediment is under a thin film of water or exposed to air, there is also opportunity for redistribution 

of 210Pb in association with mixing of near-surface sediments by physical or biological processes 

and post-depositional resuspension of sediment (Oldfield and Appleby, 1984). These potential 

unconformities and disturbances may complicate the application of the CRS model and confound 

estimates of sedimentation rates. The shallowest of the three ponds (SK 58), which was 0.58 m 

deep at the start of the study in June 2022, desiccated during the summer of 2023. Thus, it is 

important to evaluate if core dating could have been compromised by other prior desiccation 

episodes at SK 58 and the other two ponds. Due to the observed seasonal variability in water depth 

of SK 31, SK 26 and SK 58, it was unknown whether the ponds would contain coherent 

stratigraphic records. Thus, radiometric analyses were used to assess the integrity of stratigraphic 
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records and develop sediment core chronologies before using other analyses on the sediment cores 

to infer past changes in basin hydrology.  

 

Figure 6. Stratigraphic variation of radioisotope activities (total 210Pb (red line), 226Ra (blue line), 

and 137Cs (purple line)) and modelled age-depth relations (black, grey) and associated errors bars 

(±2 standard deviation units) in sediment cores from ponds SK 31, SK 26 and SK 58. The grey 

data points represent sediment ages that were extrapolated below the depth of supported 210Pb 

activity. Temporal variation of dry mass sedimentation rates of SK 31, SK 26 and SK 58 is shown 

in the second row of graphs.   

 

At SK 31, total 210Pb activity increases with depth in the uppermost sediment until a peak is 

reached at 2.25 cm (mid-point depth; ~2021 CE), which can be attributed to a recent increase in 

sedimentation rate (Figure 6). This subsurface peak of total 210Pb activity is followed by an 

approximately exponential decline with depth that is interrupted by two discernible peaks at 12.25-
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13.75 cm (~1993-1989 CE) and 14.25-19.25 cm (~1988-1963 CE), which reflect troughs in the 

sedimentation rate and coincide with rise of organic matter content (See Table C1 of Appendix C). 

Chara remains were more abundant in the sediment between 14 cm and 20 cm, and a layer of 

distinctly darker brown organic-rich sediment was noted in the 13.0 to 13.5 cm interval, which 

could reflect a very shallow water environment with slower sedimentation rates. Total 210Pb 

activity reaches background at 29.75 cm. Linear extrapolation of the CRS modelled dates below 

29.75 cm, based on cumulative dry mass, results in a basal date of ~1627 CE.  

At SK 26, total 210Pb activity declines approximately linearly with depth through the upper 40 

cm of the sediment core (Figure 6). No visible stratigraphic changes were observed during core 

sectioning. Results of loss-on-ignition analysis support an unchanging record of sediment 

composition (See Table C2 of Appendix C) and contemporary hydrological measurements (Figure 

4, 5) provide evidence of strong connectivity to groundwater. Based on these data, there is no 

evidence to suggest marked variation of water levels or pond desiccation occurred during the time 

captured by the sediment core. Sedimentation rate however reveals notable variation with higher 

and more variable sedimentation during the late 1950s through mid-1970s, which may reflect 

periods of shoreline expansion. Total 210Pb activity reaches background at a depth of 36.75 cm 

(~1926 CE), and extrapolation of the CRS modelled dates below 36.75 cm results in a basal date 

of ~1738 CE. 

At SK 58, total 210Pb activity increases with depth through the upper 6.5 cm (~1998 CE) and 

declines approximately exponentially thereafter (Figure 6). Sedimentation rate rises in the upper 

6.5 cm but declines between 9 cm (~1972) and 6.5 cm (~1998), when the slowest sedimentation 

rate occurred. These features suggest a period of shallower water and slower sedimentation 

occurred during ~1972-1998, which may coincide with encroachment of the emergent vegetation 

into the basin (Figure 3). Relatively high abundance of Chara remains, and distinctly different 

sediment colour were noted in sediment deposited after ~1998, which reflect a rise of water levels 

after ~1998. Background 210Pb activity is reached at 14.25 cm (~1919 CE) and extrapolation of 

the CRS modelled dates below that results in a basal date of ~1615 CE. 

The presence of a well-defined peak of 137Cs activity is often used as an independent 

chronological marker associated with peak emissions from above-ground testing of nuclear 

weapons that occurred in 1963 (Appleby, 2001), but none of the cores possess a well-defined peak. 
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This can be common in organic-rich sediments with low clay and silt content, which are more 

prone to post depositional mobility of 137Cs (Appleby, 2001; Wan et al., 2005). Consequently, CRS 

modelling of 210Pb activity could not be independently verified using 137Cs activity profiles. 

Marked stratigraphic variation in the 210Pb activity profiles from all three ponds suggest there has 

not been substantial mixing or disturbance of the sediment, because mixing would likely result in 

little to no stratigraphic variation of 210Pb activity (Swarzenski, 2014). The 210Pb-derived 

chronologies at SK 31, SK 26 and SK 58, thus, suggest these shallow ponds contain datable 

stratigraphic records with evidence of varying sedimentation rates and possibly episodes of near-

desiccation during the intervals when sedimentation rates can be determined by CRS modelling 

(since ~1891 at SK 31, since ~1925 at SK 26, since ~1915 at SK 58).  

Does δ18Ocarb provide a means to reconstruct δ18Opw? 

Oxygen isotope composition of carbonate in lake and pond sediments can potentially be 

used as a tracer of lake or pond water δ18O if the carbonate is endogenic and the water temperature 

at the time of formation can be constrained (Leng and Marshall, 2003). Records of oxygen isotope 

composition of carbonate, however, may be confounded by the supply and deposition of detrital 

carbonate. To assess the viability of carbonate δ18O to reconstruct pond water δ18O, carbonate-

inferred δ18Opw in the uppermost sediment from each of the three sediment cores were compared 

to measured δ18Opw. In most high-latitude regions, endogenic carbonate precipitates during periods 

of maximum aquatic productivity (Leng and Marshall, 2004). Because light, temperature and 

nutrients are strong determinants of aquatic algae growth rates, pond productivity likely reaches 

maxima in the SKNA in the summer. Thus, water temperature was estimated using a seasonal 

average (Jun 1 – Sep 15, 2022) of measured hourly pond water temperatures at SK 31, SK 26 and 

SK 58 (Table 1). Based on δ18Opw measurements taken in spring (May), summer (August) and fall 

(September) at SK 31, SK 26 and SK 58, δ18Opw measured in the summer (August 2022) would 

be the closest estimate of peak productivity and thus the most appropriate comparison to carbonate-

inferred δ18Opw from surface sediment (~2022). 



19 
 

Table 1. Carbonate-inferred δ18Opw (derived using Equation 2) from the uppermost sediments of 

cores obtained from SK 31, SK 26 and SK 58 in comparison to δ18Opw measured directly from 

pond water obtained in August 2022. Pond water temperature is an average of hourly 

measurements between June 1 and September 15, 2022. 

 Inferred δ18Opw 

from uppermost 

sediments 

(~2022) 

Measured 

δ18Opw (August 

2022) 

Difference 

(Measured – 

inferred δ18Opw) 

Pond water 

Temperature 

(°C) 

SK 31 -10.30 ‰ -8.39 ‰ 1.91‰ 17.59 

SK 26 -17.48 ‰ -16.25 ‰ 1.23‰ 17.87 

SK 58 -14.34 ‰ -14.34 ‰ 0.00‰ 20.09 

 

 

Carbonate-inferred δ18Opw values are in close agreement with δ18Opw measured in August 

2022, with small to no differences of 1.91 ‰, 1.23 ‰, and 0.00 ‰ at ponds SK 31, SK 26 and SK 

58, respectively (Table 1). The agreement among measured and inferred δ18Opw values supports 

down-core reconstruction of δ18Opw from analysis of carbonate δ18O in sediment cores from these 

ponds. Similarly, Wagner et al. (2025) showed strong correlation between modern lake water δ18O 

and carbonate δ18O of surface sediment in Shark Lake (Alberta), a hydrologically open system 

predominantly fed by groundwater and snowmelt. Additionally, Li et al. (2020) examined 33 lakes 

in western China and similarly found that lake water δ18O is a strong determinant of carbonate 

δ18O, even when isotopic equilibrium may not be achieved in natural lacustrine settings. Overall, 

the use of carbonate δ18O provides a reasonable means to infer mid-summer pond water δ18O, 

assuming temperature can be constrained and there is minimal confounding influence of detrital 

carbonate down-core.  

What do stratigraphic records of carbonate-inferred δ18Opw reveal about past 

changes in pond hydrology? 

Close agreement between carbonate-inferred δ18Opw from uppermost sediment from the 

three sediment cores and measured δ18Opw validates the use of δ18Ocarb as a means to reconstruct 

δ18Opw down-core, if we can assume there is minimal confounding influence of detrital carbonate 

and water temperature can be constrained. Based on contemporary isotope hydrology of SK 31, 

SK 26 and SK 58, shifts in carbonate-inferred δ18Opw are likely associated with shifts along the 

LEL reflecting changes in evaporation relative to inflow. However, water loss by vertical seepage, 
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demonstrated to occur in the WCSR (Neary, 2025), cannot be detected by this method because this 

hydrological process does not lead to isotope fractionation.  

 

Figure 7. Stratigraphic variation in δ18Opw inferred from sediment carbonate 18O (using Equation 

2 and pond water temperature values from Table 1) at ponds SK 31, SK 26 and SK 58. Results are 

shown as individual measurements (grey points and dashed line) and as a 3-point running mean 

(solid black line). Estimates of uncertainty are based on temperature variation of ±5°C are shown 

for individual measurements (grey ribbon). Also shown are δ18Opw values measured in water 

obtained in August 2022 (red filled circles) and δ18Opw inferred from carbonate δ18O extracted 

from surface sediment collected in May 2024 (light blue filled circles). Contemporary estimates 

of ẟSSL (vertical blue dashed line) and ẟ* (vertical red dashed line) are shown for reference (values 

are from Neary, 2025). 

 

Stratigraphic variation of carbonate-inferred δ18Opw is substantially greater at SK 31 (-

20.08 ‰ to 3.17 ‰) than at the other two ponds (Figure 7). δ18Opw measured on water obtained in 

August 2022 at SK 31 agrees well with the uppermost carbonate-inferred δ18Opw values in the 

sediment core and with carbonate-inferred δ18Opw in the surface sediment sample obtained in May 
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2024, which suggests the δ18O of carbonate can be used to reconstruct δ18Opw. At SK 31, carbonate-

inferred δ18Opw is isotopically depleted and below the contemporary estimate of ẟSSL (i.e., where 

evaporation = inflow) in sediment deposited before ~1720 CE and after ~1800 CE, but values are 

more variable and exceed the contemporary estimate of ẟSSL in sediment deposited between ~1720-

1800. Carbonate-inferred δ18Opw exceeds the contemporary estimate of ẟ* in sediment deposited 

in ~1779 CE and ~1790 CE. These findings suggest strong net evaporation was prevalent at SK 

31 during much of the 1700s, when cool, arid conditions of the Little Ice Age (LIA) prevailed 

(Luckman and Watson, 1999; Luckman, 2000; Watson and Luckman, 2001), and shorter-lived 

episodes of desiccation occurred during the latter part of the 18th century. After ~1800 CE, 

carbonate-inferred δ18Opw values range more narrowly (-12.41 ‰ to -9.14 ‰) and remained 

consistently below the contemporary estimate of ẟSSL, suggesting positive pond water balances 

have prevailed since the early 1800s.  

At SK 26, carbonate-inferred δ18Opw values (-25.32 ‰ to -15.03 ‰) remained well below 

the contemporary estimate of ẟSSL for the entire record (since ~1745; Figure 7). Also, contemporary 

δ18Opw measured in August 2022 and δ18Opw inferred from surface sediment obtained in May 2024 

agree well with the uppermost carbonate-inferred δ18Opw values. Before ~1980 CE, mean 

carbonate-inferred δ18Opw is -22.82 ‰ (values range -25.32 ‰ to -19.45 ‰), which is below that 

of contemporary mean annual precipitation in the region (δ18O: -20.06 ‰; Neary, 2025). 

Consistently low carbonate-inferred δ18Opw values that are well below mean annual δ18O of 

precipitation, as occurred in the samples deposited during ~1745 to 1980 CE (-25.32 ‰ to -19.45 

‰) are difficult to interpret. It is particularly challenging to identify a source or process that could 

generate these low carbonate-inferred δ18Opw values, based on available data alone, because the 

range falls below the contemporary range of δ18Opw values (-18.68 ‰ to -15.39 ‰) at SK 26 

(Figure 4). Listed and evaluated below are four potential mechanisms that may account for low 

carbonate-inferred δ18Opw values at SK 26, followed by a sudden increase in ~1980 CE. 1) Thaw 

of permafrost underlying the pond and its contributing basin may contribute to isotopically 

depleted pond water. This is because permafrost has low δ18O, typically ranging ~-35 to -20 ‰ 

(Meyer et al., 2010; Lachniet et al., 2012; Anderson et al., 2013; Lacelle et al., 2014; Wan et al., 

2020). Conversely, permafrost thaw would likely result in a change in the rate of accumulation of 

organic matter in sediments, either increasing or decreasing the concentration of sediment organic 

matter (Vonk et al., 2012; Deison et al., 2012; Vonk et al., 2015; Bouchard et al., 2017). This would 



22 
 

result in a discernible change in sediment composition, yet loss-on-ignition analysis reveals that 

the sediment composition of SK 26 remains virtually unchanging throughout the sediment core 

(see Table C2 of Appendix C). Permafrost thaw, therefore, is unlikely to be the mechanism causing 

low carbonate-inferred δ18Opw values at SK 26. 2) Pond SK 26 is proximal to the Klewi River, 

raising the possibility that the pond and river were more hydrologically connected before ~1980 

CE, causing lower δ18Opw values, and less hydrologically connected after ~1980 CE causing more 

positive δ18Opw values due to greater influence of evaporation when inflow of isotopically depleted 

river water declined. However, the average δ18O value of the Klewi River measured in May 2022, 

when it is most isotopically depleted, is -18.42 ‰ (Neary, 2025), which is substantially higher than 

the range of carbonate-inferred δ18Opw in this stratigraphic interval. Early study design included 

analysis of diatom assemblage composition, and Fragilaria construens is the most commonly 

occurring diatom taxon in the sediment record of SK 26, among other Fragilaria species (see Table 

G2 of Appendix G), which indicates conditions of a lentic, not lotic, waterbody (Krammer and 

Lange-Bertalot, 1991; Reavie and Smol, 1998; Ruhland and Smol, 2002; Ruhland et al., 2003). If 

there had there been a connecting channel between SK 26 and the Klewi River before ~1980 CE, 

there would be evidence of a notable shift in diatom community composition and there would 

likely be high relative abundance of taxa that prefer lotic habitat. Based on contemporary δ18O of 

the Klewi River and diatom assemblages of SK 26, it is thus unlikely that the pond and river have 

been hydrologically connected during the time interval represented by the sediment core. 3) 

Changes in local meteorological conditions, such as decreased δ18O values caused by greater input 

of isotopically depleted snowmelt may account for low δ18Opw values. However, changes in local 

meteorological conditions would be expected to affect all three ponds. Specifically, SK 31 should 

show evidence of meteorological changes since it is the most weakly connected to groundwater. 

But SK 31 and SK 58 do not show an increase in δ18Opw values since ~1980. A distinct shift from 

very low δ18Opw values before ~1980 CE to more positive values thereafter is an isolated 

phenomena at SK 26 among the three study ponds. Therefore, it is unlikely past influence of 18O-

depleted snowmelt on the water balance caused the low δ18Opw values at SK 26 before ~1980 CE. 

Further, the water-saturated catchment of SK 26 does not appear to show evidence of substantial 

drawdown in recent years (Figure 3). Therefore, evaporative enrichment is unlikely to account for 

the rise in δ18Opw values after ~1980 CE. 4) A 4th possibility is that the source of input water at SK 

26 changed at ~1980. Before 1980, there may have been an influential source of 18O depleted 
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groundwater to the pond that may have originated from precipitation that occurred at higher 

elevation, such as the Caribou Hills. After 1980, the groundwater source may have shifted to a 

more localized source. Low carbonate δ13C in sediment deposited before 1980 suggests the pre-

1980 groundwater source interacted with respired organic matter, whereas higher carbonate δ13C 

in sediment deposited after 1980 suggests the post-1980 groundwater source interacted with 

carbonate bedrock (see Figure E1), which is common in dolostone (CaMg(CO₃)₂) of the Keg River 

Formation and is considered an aquifer in the region (Tsui and Cruden 1984). When considered 

together, the contemporary and paleolimnological data therefore suggest that a sudden change 

from very low carbonate-inferred δ18Opw values before ~1980 CE to more positive values 

thereafter may be attributed to a shift in source and influence of groundwater. 

Carbonate-inferred δ18Opw at SK 58 remains below ẟSSL for the entire record and the values 

span the narrowest range (-17.40 ‰ to -11.15 ‰) among the three ponds (Figure 7). Carbonate-

inferred δ18Opw of sediment in the core and the surficial sediment collected in 2024 agree well with 

contemporary δ18Opw value measured August 2022 (Figure 7). δ18Opw inferred from surface 

sediment carbonate δ18O obtained from the desiccated basin of SK 58 in May 2024 reveals the 

δ18Opw remains low and within the range of values captured by the sediment core. If the pond dried 

up by evaporation, it would be expected that the δ18Opw inferred from surface sediment carbonate 

δ18O would have increased to a value that exceeds δSSL and falls near the contemporary estimate 

of δ*. The absence of enrichment of carbonate-inferred δ18Opw in surface sediment collected in 

2024 suggests that SK 58 desiccated during the arid summer of 2023 due to water loss by vertical 

seepage as the water table subsided. This aligns with contemporary measurements of water isotope 

composition and drawdown magnitude suggesting this pond is strongly connected to the shallow 

groundwater discharge zone (Figures 4, 5). Because water loss via vertical seepage does not alter 

the isotope composition, it is possible that SK 58 may have desiccated in the past despite 

consistently low values of carbonate-inferred δ18Opw. To explore this possibility, other 

paleolimnological measurements were assessed for evidence of pond desiccation at SK 58.  
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Is there evidence of prior desiccation via vertical seepage at SK 58 based on 

paleolimnological measurement of the C/N ratio? 

The ratio of elemental organic carbon to nitrogen (C/N) is a measurement that may be 

sensitive to pond desiccation. C/N ratios can reflect changes in the source of organic material 

preserved within pond sediment. When pond water depth is stable, organic material would be 

primarily derived from aquatic sources, with C/N ratios typically ranging from ~4 to 10 (Meyers, 

1994; Tyson, 1995; Meyers and Teranes, 2001). Conversely, during periods of low water levels or 

pond desiccation, contributions of terrestrial organic matter may increase at the coring location 

(e.g., Wolfe et al., 2011). An influx of carbon-rich terrestrial material or preferential nitrogen 

decomposition can result in a higher C/N ratio, typically exceeding ~12 (Prahl et al., 1980; Tyson, 

1995). Also, sediment transport may be reduced during intervals of very shallow pond water 

(Oldfield and Appleby, 1984). Thus, dry mass sedimentation rate could provide additional insight 

into changes in water levels at SK 58.  
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Figure 8. Temporal variation of paleolimnological measurements at pond SK 58, including 

carbonate-inferred δ18Opw (individual values and three-point running mean), organic carbon to 

nitrogen (C/N) ratios, and dry mass sedimentation rate (± 1 standard deviation). Carbonate-inferred 

δ18Opw for SK 58 is shown in reference to contemporary estimates of δSSL (blue dashed line) and 

δ* (red dashed line) (from Neary, 2025). Also shown, for comparison, is the carbonate-inferred 

δ18Opw for SK 31 and the cellulose-inferred lake water 18O record for PAD 5, a shallow upland 

lake in the Peace-Athabasca Delta, located ~175 km south of SK 58 (Wolfe et al., 2005). A 

distinctive peak in the C/N ratio, possibly reflecting increased deposition of terrestrial organic 

matter, occurs at ~1793 CE (C/N = 13.2), and smaller peaks are evident at ~1906 CE (11.3) and 

~1998 CE (10.7) (identified with an asterisk). 

 

The C/N ratios are largely unvarying in the sediment core from SK 58, with a median value 

of ~9.9 which falls within the typical range of aquatic organic material (Figure 8). Exceptions 

include three intervals with markedly higher C/N ratios, which are dated to ~1793 CE (C/N = 

13.2), ~1906 CE (11.3) and ~1998 CE (10.7). The C/N ratio of the most substantial peak, in ~1793 

CE, exceeds the typical range of values for aquatic sediment and may reflect a brief rise in the 

contribution of terrestrial derived organic material. This may be an indication of drawdown and 
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desiccation at SK 58 in response to a particularly dry episode in the late 1700s during the cool and 

arid LIA. Periods of low precipitation and relative humidity during the LIA could have resulted in 

water loss via vertical seepage as the water table dropped. Notably, the carbonate-inferred δ18Opw 

record at SK 31 shows evidence of strong influence of evaporation during the same time (Figure 

8). Neary (2025) showed that during the arid summer of 2022, ponds highly connected to 

groundwater drew down mainly by vertical seepage whereas ponds weakly connected to 

groundwater drew down mainly by evaporation. Therefore, it is possible that near-desiccation 

during the arid LIA was caused by evaporation at SK 31 and by vertical seepage at SK 58. 

Furthermore, at a shallow upland lake in the Peace Athabasca Delta (known informally as ‘PAD 

5’), located ~175 km southeast of the SKNA, there is evidence of near desiccation by net 

evaporation in response to arid climate conditions and low flood frequency (Figure 8; Wolfe et al., 

2005) which coincides with the lowermost C/N ratio peak at SK 58. This suggests that pond and 

lake drying in response to low precipitation during the LIA is a regional occurrence, further 

supporting the likelihood of desiccation or near-desiccation at SK 58 during the same time. In 

~1906 CE, and again in ~1998 CE, smaller but discernible peaks in C/N ratios (to ~11.3 and ~10.7, 

respectively) at SK 58 may reflect minor increases in relative contribution of terrestrial organic 

matter (Figure 8). The smaller peak in C/N ratio in ~1998 aligns well with a decrease in 

sedimentation rate. These data suggest two other possible intervals of near-desiccation at SK 58. 

The most recent interval is consistent with Timoney et al. (1997) who reported more than half of 

the observed ponds desiccated by late summer of 1996. Overall, the evidence suggests that 

desiccation of SK 58, as occurred in 2023, has been rare during the past ~400 years, except for 

possibly one to three episodes detected during ~1793, 1906 and 1998 CE. Although SK 58 

maintains strong connectivity to groundwater, periods of low precipitation and overall arid climate 

conditions during 2022-2023 may have contributed to a seemingly rare desiccation event. 

How unusual were the meteorological conditions that led to the rare 2023-2024 

desiccation event at SK 58? 

Since the paleolimnological evidence suggests observed and recorded desiccation in 2023-

2024 is a rare occurrence at SK 58, cumulative precipitation records from Fort Smith during 2022-

2024 were compared to the 30-year climate normal (1991-2020) to further understand the role of 

precipitation in the preceding year and two years of the rare drying event at SK 58.  
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Figure 9. Cumulative precipitation (mm) during the hydrologic year (Oct 1 – Sep 30; upper graph) 

and open water season (May 1 – Sep 30; lower graph) for 2022 (yellow line), 2023 (red line) and 

2024 (blue line) at Fort Smith (Climate station ID: 2202200 (1990-2014); 2202202 (2015-2024)). 

One standard deviation unit is applied to mean cumulative precipitation (black line) spanning the 

30-year climate normal period (1991-2020) to display the range of normal variation (grey ribbon). 

The maximum and minimum cumulative precipitation spanning the 30-year climate normal period 

(1991-2020) is shown as reference of extreme variation (light grey ribbon). 
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Mean cumulative precipitation (mm) during the 1991-2020 climate normal is 359 mm for the 

hydrologic year and 231 mm for the open water season (Figure 9). In 2022, little rain fell between 

May and September, and cumulative open-water season precipitation was far below average by 

late summer and remained below the range of normal variation for the remaining months of the 

year. Below average precipitation continued into 2023, when cumulative precipitation remained 

well below the normal range of variation. The lowest cumulative precipitation recorded in Fort 

Smith since 1991 occurred in 2023 (hydrologic year = 147 mm, open water season = 52 mm). In 

response to well below average precipitation during 2022 and 2023, SK 58 desiccated by mid-July 

2023 (Figure 5) and remained dry in spring 2024. Low water levels observed across southern NWT 

are the result of multi-year drought conditions driven by extremely hot and arid weather that began 

during summer 2022 and continued throughout 2023 (Government of the Northwest Territories, 

2023). Notably, substantial decline of water levels during 2023 also occurred at Great Slave Lake 

(to the north of the SKNA), a much larger lake that drains a substantially larger watershed. Water 

levels of Great Slave Lake decreased by ~0.6 m between January 2022 and November 2023 and 

reached the lowest level of the 84-year-long record in 2023 (Figure 10), which is comparable to 

the decline recorded at SK 58 during the same interval (0.58 m). Notably, several climate-related 

records were broken globally in 2023, indicating exceptional conditions occurred well beyond the 

WCSR and Great Slave Lake’s watershed (Ripple et al., 2023). This includes the highest global 

daily average surface air temperature (since 1850), the highest ocean surface temperature (since 

1991), the lowest global and Antarctic sea ice extent (since 1991), and the greatest cumulative area 

of wildfire in Canada on record. Ripple et al. (2023) argue that these unprecedented conditions 

seen worldwide during 2023 are a result of human-caused greenhouse warming which increases 

the frequency and intensity of extreme events. Such extreme events are likely to exert adverse 

effects on critical nesting habitat that supports the Aransas-Wood Buffalo population of whooping 

crane. Of particular concern is greater frequency and duration of desiccation of waterbodies that 

the cranes use for nesting and feeding. Pond desiccation is particularly harmful when it occurs in 

spring and early summer, when eggs and fledglings are most vulnerable to predation and when 

parents need access to enough food to promote growth of their young (CWS USFWS 2007). 

Although past research has suggested cranes preferentially select ponds with the lowest risk of 

desiccation for nesting (Neary, 2025), paleolimnological data from this study suggests that even 

strongly connected ponds that have rarely desiccated in the past, can desiccate under extreme 
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drought conditions (i.e. SK 58 during 2023-2024). Increased frequency and duration of pond 

desiccation with ongoing climate warming may result in a loss of critical nesting habitat in the last 

remaining WCSR.  

 

 

Figure 10. Hourly lake water level measurements (in masl) from Great Slave Lake at Yellowknife 

Bay (NT) spanning 2022 (yellow solid line) and 2023 (red solid line). Standard deviation of daily 

average water level for the 84-year record (1938-2022) is shown for reference as a range of normal 

variation (dark grey ribbon). Maximum and minimum water level spanning the 84-year record 

(1938-2022) is shown for reference as a range of extreme variation (light grey ribbon). Daily water 

level data for Great Slave Lake at Yellowknife Bay (07SB001) was accessed from 

https://wateroffice.ec.gc.ca/mainmenu/real_time_data_index_e.html on May 9, 2025. 

  

https://wateroffice.ec.gc.ca/mainmenu/real_time_data_index_e.html
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Chapter 4: Conclusions and Recommendations 

 

Conclusions 

Mating pairs of the endangered Aransas-Wood Buffalo whooping crane population build nests 

and raise their fledglings along the shorelines of shallow waterbodies within a remote, water-rich 

landscape of WBNP. However, the shallow basin morphometry makes the waterbodies vulnerable 

to drawdown and desiccation during relatively arid years, which can reduce reproductive success 

by increasing access by predators and altering food supply. This research integrated contemporary 

measurements during 2022-2024 with paleolimnological analyses of sediment cores obtained from 

three ponds in the SKNA, where nest density is the greatest, to generate long temporal data on 

hydrological responses to past climate variation to better anticipate how breeding habitat will 

respond to future climate change. The landscape includes substantial areas of groundwater 

discharge, and the three ponds span a hydrological gradient from weakly to strongly connected to 

groundwater. Sediment cores from all three ponds were datable by 210Pb methods despite 

differences in their vulnerability to desiccation, and the cores spanned the past ~280-410 years. 

Contemporary measurements of pond water 18O and temperature support that sediment carbonate 

18O can be used to reconstruct pond water 18O, which provides the basis for reconstruction of 

past variation of pond water 18O. Water loss by vertical seepage, a previously recognized 

hydrological process in this landscape that occurs when the water table drops below pond water 

levels, likely caused the desiccation of SK 58 in 2023 and 2024. This hydrological process, 

however, does not lead to fractionation of water isotopes and, thus, cannot be detected using 

measurements of sediment carbonate 18O. Elemental C/N ratios were measured in the sediment 

core from SK 58 to detect possible past desiccation horizons caused by vertical seepage.  

Evidence at two of the three study ponds suggests desiccation occurred during the mid- to late 

1700s in response to arid climate conditions that prevailed during the LIA. At SK 31, the pond 

where contemporary water isotope measurements identify connectivity to groundwater is weak, 

carbonate-inferred δ18Opw values exceeded contemporary estimate of δSSL and approached 

contemporary estimate of δ* between the mid- and late 1700s. This finding identifies that SK 31 

desiccated due to evaporation. Near-desiccation by evaporation also has been detected during the 

same time in a cellulose-inferred lake water δ18O record from a shallow upland lake (PAD 5) 
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located ~175 km south of the SKNA (Wolfe et al., 2005), which provides confidence in the 

interpretations based on carbonate-inferred δ18Opw at SK 31. At SK 58, where measurements of 

carbonate-inferred  δ18Opw from surface sediments in 2024 suggest observed desiccation in 2023 

and 2024 occurred by vertical seepage despite strong connectivity to groundwater, the stratigraphic 

record of carbonate-inferred δ18Opw reveals no evidence of enrichment by evaporation during the 

mid- and late 1700s. A distinctive peak in C/N ratios in sediment deposited ~1790 suggests, 

however, that an apparently rare desiccation, or near-desiccation, event may have occurred by 

vertical seepage when SK 31 and PAD 5 also desiccated or nearly desiccated by evaporation. 

Smaller C/N-ratio peaks in ~1908 and ~1998 may capture two other short-lived near-desiccation 

events at SK 58. Collectively, the evidence suggests desiccation events are rare at SK 31 and SK 

58 since the late 1700s. The recent observed desiccation at SK 58 in 2023-2024 occurred when 

unusually arid climate conditions resulted in a decline in water levels of 60 cm in Great Slave Lake 

to the lowest levels recorded by the 84-year-long record. Although pond desiccation appears to be 

rare at SK 31 and SK 58, the frequency of desiccation events may increase with ongoing climate 

warming. Very low carbonate-inferred δ18Opw values in the record from SK 26 are challenging to 

interpret, but it is speculated that SK 26 has been variably influenced by shifting sources and 

discharge of groundwater. At this site, there is no evidence of desiccation via evaporation during 

the arid LIA, which may demonstrate the spatial and temporal variability of past hydrological 

conditions across this complex landscape. 

Recommendations 

Based on the findings of this research, five recommendations are listed below for future 

studies to address. 1) Obtain sediment cores from additional ponds that span the spatial extent of 

SKNA. Paleolimnological records from the three ponds of this study reveal that pond desiccation 

has occurred rarely during the past 300-400 years, but three ponds are insufficient to accurately 

determine the frequency of rare events across an entire landscape. Analysis of sediment from more 

ponds that desiccated in 2023 and 2024 (see Table 2 for specific study site recommendations) will 

be valuable to assess the rarity of widespread desiccation during these years and, more generally, 

to improve our understanding of the frequency of desiccation events in the SKNA and the climatic 

conditions that cause them. Ponds with moderate to strong connectivity to groundwater are not 

entirely resilient to climate variation because they can desiccate by vertical seepage when the 

climate is sufficiently arid to cause substantial lowering of the water table, as occurred at SK 58 
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in 2023 and 2024. However, weakly connected ponds (e.g., SK 31) are likely more responsive to 

past arid conditions and may provide a more fulsome record of pond hydrological response to past 

climate. 2) Carbonate-inferred δ18Opw should be measured on the sediment cores of SK 15, SK 43 

and SK 51, which were collected in 2022, to further assess the rarity of desiccation across the 

landscape. At all three ponds, contemporary measurements of δ18Opw during August 2025 show 

strong evidence of evaporative enrichment (Arisha Imran, personal communication 2025). 

Contemporary data would suggest the water balance of these ponds is strongly responsive to water 

loss via evaporation. Thus, records of pond desiccation in response to past climate (i.e. the LIA) 

are likely to be captured in carbonate-inferred δ18Opw. 3) C/N ratios should be measured on the 

sediment core from SK 31 to further test the utility of this approach to detect possible desiccation 

horizons. The carbonate-inferred δ18Opw record identifies this pond desiccated in the mid- to late 

1700s and so this provides an opportunity to assess how reliably measurement of C/N ratios 

capture known episodes of pond desiccation. 4) C/N ratios should also be measured on the 

sediment core from SK 26 to detect possible desiccation events via vertical seepage, as was 

achieved at SK 58. Desiccation may have occurred in the past at SK 26 (as it did at SK 31 and SK 

58 during the LIA) by vertical seepage which could not be detected using measurements of 

carbonate-inferred δ18Opw. 5) Explore the use of alternative measurements to detect desiccation 

horizons in sediment cores, even when ponds desiccate via vertical seepage. For example, 

hyperspectral imaging (HIS) is a non-destructive in-situ biogeochemical analysis of sediment cores 

to track past environmental conditions and processes (Zander et al., 2022). Backscattered electron 

(BSE) imaging has been previously used as a map of porosity (Kemp et al., 2001) and may be able 

to detect changes in mineralogy of sediment cores.  X-ray radiography and densitometry uses 

sediment structure and density variations to interpret changes in environmental conditions (Smol, 

2001). If pond desiccation produces a distinct mineral crust, then this method may be able to detect 

past desiccation events. A Russian peat corer may be a useful device to collect sediment cores 

which better preserve the stratigraphy and allow for desiccation horizons to be visualized more 

readily than was possible with the gravity corer used in this study. For example, cracks and thin 

strata of denser sediment or strata with a crumbly texture may be detected using a Russian peat 

corer that indicate episodes of very shallow water or near-desiccation (e.g., Wolfe et al. 2005).     
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Table 2. Ponds recommended for paleolimnological study based on observations of desiccation 

during 2023 and spring 2024 (Neary, 2025). Ponds that desiccated during 2023-2024 were also 

observed to be desiccated in August 2025 (Arisha Imran, personal communication 2025). Also 

included are ponds where sediment cores were collected during September 2022 but have not been 

analyzed for carbonate-inferred δ18Opw (SK 15, SK 43, SK 51).  

Pond ID Hydrological 

classification 

Starting 

depth in m 

(May 2022) 

Desiccated 

during 

2023?  

May 2024 

depth (m) 

Sep 2024 

depth (m) 

SK 2 Weak 0.60 Yes  0.00 0.00 

SK 15 Moderate 0.70 No 0.30 0.12 

SK 19 Weak 0.40 Yes 0.02 0.00 

SK 28 Weak 0.50 Yes 0.00 0.00 

SK 30 Moderate 0.23 Yes 0.03 0.00 

SK 32 Weak 0.60 Yes 0.00 0.00 

SK 41 Moderate 0.80 No 0.00 0.00 

SK 43 Moderate 0.30 No 0.28 0.20 

SK 47 Moderate 0.20 Yes 0.00 0.00 

SK 51 Strong 0.70 No 0.28 0.03 

SK 57 Moderate 0.36 Yes 0.00 0.00 

SK 58 Strong 0.58 Yes 0.00 0.00 
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Appendices  

Appendix A – Contemporary water isotope compositions 

Table A1: Measured water isotope compositions (18O, 2H) in 2022 and spring 2023 at pond 

SK 31. 

Date 
δ18O (‰ 

VSMOW) 

δ2H (‰ 

VSMOW) 

May 23 2023 -12.79 -128.85 

Sep 15 2022 -6.94 -101.73 

Aug 9 2022 -8.39 -109.66 

May 29 2022 -16.53 -143.27 

 

Table A2: Measured water isotope compositions (18O, 2H) in 2022 and spring 2023 at pond 

SK 26. 

Date 
δ18O (‰ 

VSMOW) 

δ2H (‰ 

VSMOW) 

May 23 2023 -15.39 -137.71 

Sep 15 2022 -16.23 -139.21 

Aug 9 2022 -16.25 -141.95 

May 29 2022 -18.68 -152.06 

 

Table A3: Measured water isotope compositions (18O, 2H) in 2022 and spring 2023 at pond 

SK 58. 

Date 
δ18O (‰ 

VSMOW) 

δ2H (‰ 

VSMOW) 

May 24 2023 -15.30 -141.36 

Sep 17 2022 -10.93 -118.06 

Aug 10 2022 -14.34 -133.63 

May 29 2022 -18.49 -151.00 
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Appendix B – Radiometric dating of sediment cores  

Table B1: Measured 210Pb, 137Cs and 226Ra values and CRS dates for the SK 31 sediment core.  

Midpoint 

depth (cm) 

Total 
210Pb 

(dpm/g) 

210Pb error 

(1 std. 

dev.) 

137Cs 

(dpm/g) 

137Cs error 

(1 std. 

dev.) 

226Ra 

(dpm/g) 

226Ra 

error (1 

std. dev.) 

Midpoint 

depth CRS 

dates with 

linear 

extrapolation 

0.25 12.8488 1.4092 0.3635 0.3023 0.1604 0.1178 2022.60 

0.75 15.5349 1.6764 0.2771 0.3861 1.1193 0.2173 2022.37 

1.25 21.1641 1.7779 0.1891 0.4096 0.0104 0.0118 2022.04 

1.75 25.1798 1.8823   0.8542 0.1965 2021.58 

2.25 25.2345 1.7476 0.3840 0.3154 0.6415 0.1552 2020.91 

2.75 24.1748 2.3095     2020.19 

3.25 23.1452 1.5098 0.6017 0.2176 0.4649 0.2035 2019.31 

3.75 22.5925 1.9120     2018.10 

4.25 22.0486 1.1730 0.4477 0.1694 0.5007 0.1097 2016.73 

4.75 21.2600 1.6590     2015.33 

5.25 20.4904 1.1731 0.3383 0.1610 0.1116 0.0696 2013.83 

5.75 19.3227 1.4626     2012.20 

6.25 18.2002 0.8735 0.4331 0.1388 0.4736 0.0918 2010.45 

6.75 17.0033 1.3143     2008.73 

7.25 15.8601 0.9820 0.7355 0.1366 0.6542 0.1167 2007.10 

7.75 15.0318 1.2440     2005.58 

8.25 14.2328 0.7636 0.5889 0.1172 0.8283 0.1563 2004.09 

8.75 12.1200 0.9541     2002.32 

9.25 10.2274 0.5719 0.5127 0.0868 0.6779 0.0849 2000.55 

9.75 8.6786 0.7309     1998.87 

10.25 7.2946 0.4550 0.4644 0.0765 0.7377 0.0797 1997.35 

10.75 5.4987 0.5921     1995.96 

11.25 4.0249 0.3789 0.3561 0.0687 0.6239 0.0714 1994.67 

11.75 3.0721 0.4972     1993.58 

12.25 2.2830 0.3219 0.2514 0.0619 0.5370 0.0627 1992.74 

12.75 3.0806 0.3136     1991.82 

13.25 3.3104 0.2772 0.2246 0.0467 0.2895 0.0427 1990.69 

13.75 5.5672 0.3500     1989.22 

14.25 1.8242 0.2594 0.1588 0.0451 0.4630 0.0495 1987.95 

14.75 2.4653 0.4010     1987.09 

15.25 3.2415 0.3058 0.2109 0.0506 0.4443 0.0523 1985.95 

15.75 3.5798 0.4336     1984.37 

16.25 3.9408 0.3074 0.2033 0.0491 0.5298 0.0552 1982.55 

16.75 4.1834 0.4734     1980.40 

17.25 4.4356 0.3600 0.2489 0.0555 0.5931 0.0631 1977.77 

17.75 4.6904 0.5015     1974.93 

18.25 4.9548 0.3492 0.1672 0.0550 0.5522 0.0599 1971.64 

18.75 6.3729 0.5256     1967.66 

19.25 8.0387 0.3928 0.3272 0.0575 0.5763 0.0616 1962.74 

19.75 4.8994 0.4612     1957.61 

20.25 2.7081 0.2417 0.1712 0.0426 0.4583 0.0471 1953.07 

20.75 1.6507 0.3300     1949.66 

21.25 0.9125 0.2247 0.0793 0.0409 0.3520 0.0479 1947.78 

21.75 1.0348 0.3116     1946.37 

22.25 1.1675 0.2159 0.0539 0.0398 0.3283 0.0393 1943.92 

22.75 1.1808 0.3032     1941.02 

23.25 1.1941 0.2129 0.1267 0.0385 0.4141 0.0423 1938.53 

23.75 1.2130 0.3206     1935.81 

24.25 1.2321 0.2397 0.1743 0.0429 0.4207 0.0464 1932.64 

24.75 1.1818 0.3305     1929.58 
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25.25 1.1329 0.2276 0.1840 0.0408 0.4797 0.0462 1926.66 

25.75 1.2352 0.3204     1923.39 

26.25 1.3436 0.2256 0.1939 0.0400 0.3895 0.0433 1919.47 

26.75 1.2666 0.3504     1915.36 

27.25 1.1926 0.2681 0.2320 0.0472 0.5946 0.0550 1910.80 

27.75 0.9984 0.3610     1906.33 

28.25 0.8266 0.2417 0.1550 0.0443 0.3956 0.0459 1902.12 

28.75 0.7340 0.3234     1898.21 

29.25 0.6486 0.2148 0.1692 0.0395 0.3568 0.0492 1894.88 

29.75 0.6068 0.3090     1891.90 

30.25 0.5670 0.2221 0.1417 0.0410 0.3413 0.0469 1888.92 

30.75 0.5842 0.3154     1885.74 

31.25 0.6018 0.2239 0.0752 0.0421 0.4772 0.0464 1882.74 

31.75 0.5184 0.3862     1879.80 

32.25 0.4430 0.3147 0.0696 #DIV/0!   1876.88 

32.75 0.3754 0.3846     1874.11 

33.25 0.3150 0.2211   0.2984 0.0388 1871.48 

33.75       1868.73 

34.25       1866.24 

34.75       1863.84 

35.25 0.3171 0.2438 0.0632 0.0475 0.3163 0.0416 1861.30 

35.75       1858.83 

36.25       1856.38 

36.75       1853.81 

37.25 0.3960 0.2362 0.0903 0.0461 0.4423 0.0479 1851.37 

37.75       1849.09 

38.25       1846.86 

38.75       1844.59 

39.25       1842.39 

39.75       1840.23 

40.25       1838.17 

40.75       1836.11 

41.25       1834.04 

41.75       1831.95 

42.25       1829.71 

42.75       1827.61 

43.25       1825.70 

43.75       1823.65 

44.25       1821.57 

44.75       1819.64 

45.25       1817.63 

45.75       1815.60 

46.25       1813.61 

46.75       1811.42 

47.25       1809.10 

47.75       1806.82 

48.25       1804.38 

48.75       1801.78 

49.25       1799.26 

49.75       1796.69 

50.25       1793.90 

50.75       1790.99 

51.25       1788.17 

51.75       1785.16 

52.25       1782.28 

52.75       1779.89 

53.25       1777.21 

53.75       1773.91 

54.25       1770.65 
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54.75       1767.50 

55.25       1764.73 

55.75       1762.39 

56.25       1759.65 

56.75       1756.57 

57.25       1753.42 

57.75       1750.33 

58.25       1747.17 

58.75       1744.19 

59.25       1741.55 

59.75       1738.77 

60.25       1735.97 

60.75       1732.91 

61.25       1729.69 

61.75       1726.53 

62.25       1723.28 

62.75       1720.49 

63.25       1718.10 

63.75       1715.22 

64.25       1711.80 

64.75       1708.40 

65.25       1705.40 

65.75       1702.32 

66.25       1699.01 

66.75       1695.60 

67.25       1692.01 

67.75       1688.57 

68.25       1685.10 

68.75       1681.81 

69.25       1678.47 

69.75       1674.90 

70.25       1671.51 

70.75       1668.12 

71.25       1664.69 

71.75       1661.54 

72.25       1658.56 

72.75       1655.17 

73.25       1652.04 

73.75       1649.37 

74.25       1646.40 

74.75       1643.24 

75.25       1640.25 

75.75       1637.32 

76.25       1634.27 

76.75       1631.34 

77.25       1628.13 

 

Table B2: Total dry mass sedimentation rates for the SK 31 sediment core. 

Midpoint 

depth 

(cm) 

Midpoint 

depth CRS 

dates 

Total dry 

mass 

sedimentation 

(g/cm2 yr) 

Total dry 

mass 

sedimentation 

error (1 std. 

dev.) 

0.25 2022.60 0.0433 0.0050 

0.75 2022.37 0.0357 0.0040 

1.25 2022.04 0.0257 0.0023 

1.75 2021.58 0.0214 0.0017 
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2.25 2020.91 0.0208 0.0015 

2.75 2020.19 0.0213 0.0021 

3.25 2019.31 0.0218 0.0015 

3.75 2018.10 0.0215 0.0019 

4.25 2016.73 0.0211 0.0012 

4.75 2015.33 0.0209 0.0017 

5.25 2013.83 0.0208 0.0012 

5.75 2012.20 0.0210 0.0016 

6.25 2010.45 0.0213 0.0011 

6.75 2008.73 0.0217 0.0018 

7.25 2007.10 0.0223 0.0015 

7.75 2005.58 0.0225 0.0020 

8.25 2004.09 0.0229 0.0014 

8.75 2002.32 0.0258 0.0022 

9.25 2000.55 0.0292 0.0019 

9.75 1998.87 0.0330 0.0031 

10.25 1997.35 0.0377 0.0028 

10.75 1995.96 0.0496 0.0062 

11.25 1994.67 0.0674 0.0078 

11.75 1993.58 0.0880 0.0176 

12.25 1992.74 0.1193 0.0219 

12.75 1991.82 0.0796 0.0097 

13.25 1990.69 0.0699 0.0070 

13.75 1989.22 0.0378 0.0028 

14.25 1987.95 0.1301 0.0245 

14.75 1987.09 0.0895 0.0179 

15.25 1985.95 0.0630 0.0073 

15.75 1984.37 0.0545 0.0078 

16.25 1982.55 0.0462 0.0045 

16.75 1980.40 0.0412 0.0054 

17.25 1977.77 0.0357 0.0035 

17.75 1974.93 0.0309 0.0038 

18.25 1971.64 0.0264 0.0024 

18.75 1967.66 0.0179 0.0018 

19.25 1962.74 0.0120 0.0009 

19.75 1957.61 0.0175 0.0021 

20.25 1953.07 0.0292 0.0037 

20.75 1949.66 0.0482 0.0137 

21.25 1947.78 0.0990 0.0426 

21.75 1946.37 0.0772 0.0365 

22.25 1943.92 0.0602 0.0165 

22.75 1941.02 0.0545 0.0208 

23.25 1938.53 0.0504 0.0140 

23.75 1935.81 0.0470 0.0188 

24.25 1932.64 0.0430 0.0134 

24.75 1929.58 0.0413 0.0184 

25.25 1926.66 0.0405 0.0137 

25.75 1923.39 0.0330 0.0138 

26.25 1919.47 0.0266 0.0075 

26.75 1915.36 0.0255 0.0118 

27.25 1910.80 0.0248 0.0095 

27.75 1906.33 0.0269 0.0177 

28.25 1902.12 0.0313 0.0175 

28.75 1898.21 0.0326 0.0291 

29.25 1894.88 0.0363 0.0266 
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Table B3: Measured 210Pb, 137Cs and 226Ra values and CRS dates for the SK 26 sediment core.  

Midpoint 

depth (cm) 

Total 
210Pb 

(dpm/g) 

210Pb error 

(1 std. 

dev.) 

137Cs 

(dpm/g) 

137Cs error 

(1 std. 

dev.) 

226Ra 

(dpm/g) 

226Ra 

error (1 

std. dev.) 

Midpoint 

depth CRS 

dates with 

linear 

extrapolation 

0.25 6.0959 2.6438 0.8651 0.2258 0.5477 0.3257 2022.60 

0.75 6.2283 2.5241 1.0843 0.2420 0.8171 0.2110 2022.45 

1.25 5.3635 2.1193 0.9301 0.2007 0.9091 0.2152 2022.35 

1.75 4.5601 1.7565 1.1162 0.1837 0.8629 0.1893 2022.24 

2.25 5.6510 1.2086 1.1441 0.1535 1.1924 0.1766 2021.95 

2.75 4.7899 1.2119 1.4200 0.1703 0.8817 0.1638 2021.46 

3.25 6.9586 1.0172 1.4028 0.1578 0.8952 0.1353 2020.73 

3.75 5.5401 0.9582 1.4632 0.1619 1.0287 0.1393 2019.88 

4.25 4.9038 0.9732 1.4328 0.1607 0.9177 0.1361 2019.15 

4.75 4.9511 0.7817 1.6911 0.1661 1.2562 0.1273 2018.35 

5.25 4.6149 0.9016 1.5939 0.1693 1.0350 0.1369 2017.49 

5.75 4.8463 1.2638     2016.72 

6.25 5.0853 0.8856 1.8036 0.1968 1.0278 0.1326 2015.73 

6.75 5.1063 1.1734     2014.76 

7.25 5.1274 0.7698 1.8224 0.1800 0.9264 0.1144 2013.81 

7.75 5.0884 1.0963     2012.70 

8.25 5.0496 0.7806 1.7769 0.1762 1.0380 0.1191 2011.66 

8.75 5.0039 1.0692     2010.53 

9.25 4.9584 0.7306 1.9758 0.1872 1.3537 0.1242 2009.24 

9.75 4.5614 1.0306     2008.02 

10.25 4.1863 0.7269 1.7047 0.1699 1.0637 0.1162 2006.91 

10.75 4.1727 1.0680     2005.74 

11.25 4.1591 0.7824 1.7258 0.1715 1.5250 0.1389 2004.61 

11.75 4.0881 1.0386     2003.33 

12.25 4.0179 0.6830 1.8333 0.1792 1.4215 0.1243 2001.93 

12.75 3.9963 1.1067     2000.60 

13.25 3.9748 0.8708 2.2320 0.2201 1.0519 0.1771 1999.31 

13.75 3.7419 1.0875     1997.88 

14.25 3.5182 0.6514 2.2876 0.2142 1.2646 0.1146 1996.35 

14.75 3.7896 1.0433     1994.84 

15.25 4.0746 0.8150 2.0870 0.2016 1.3562 0.1374 1993.37 

15.75 3.0538 1.0594     1992.18 

16.25 2.2196 0.6768 1.3376 0.1390 1.0264 0.1143 1991.15 

16.75 2.5670 0.9388     1990.29 

17.25 2.9489 0.6507 2.1146 0.2039 1.4187 0.1217 1989.33 

17.75 3.1864 0.9000     1987.95 

18.25 3.4364 0.6217 3.0882 0.2838 1.5295 0.1202 1986.23 

18.75 3.3439 0.8851     1984.47 

19.25 3.2531 0.6300 2.5981 0.2408 1.7983 0.1301 1982.77 

19.75 3.1533 0.8585     1981.16 

20.25 3.0557 0.5832 1.8738 0.1778 1.8027 0.1251 1979.43 

20.75 2.9722 0.8596     1977.54 

21.25 2.8903 0.6315 1.4678 0.1437 1.8566 0.1331 1975.79 

21.75 2.6545 0.8638     1974.39 

22.25 2.4319 0.5893 1.1570 0.1179 1.9769 0.1329 1973.39 

22.75 2.2361 0.8374     1972.82 

23.25 2.0511 0.5949 0.8826 0.0964 2.1032 0.1387 1972.68 

23.75 2.2475 0.8388     1972.53 

24.25 2.4560 0.5913 0.9146 0.0993 2.0115 0.1354 1971.88 

24.75 1.8948 0.8268     1971.11 

25.25 1.4263 0.5778 1.1302 0.1153 1.8093 0.1277 1970.76 

25.75 1.9448 0.8552     1970.28 
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26.25 2.5759 0.6304 1.1272 0.1162 1.6328 0.1267 1968.92 

26.75 2.3003 0.8822     1967.33 

27.25 2.0451 0.6172 1.1773 0.1178 1.7733 0.1308 1966.40 

27.75 2.0600 0.8572     1965.65 

28.25 2.0749 0.5949 1.0846 0.1131 1.7291 0.1263 1964.82 

28.75 2.1241 0.8775     1964.07 

29.25 2.1742 0.6451 0.6795 0.0841 1.8113 0.1355 1963.34 

29.75 2.2672 0.9110     1962.45 

30.25 2.3628 0.6433 0.4496 0.0679 1.9301 0.1386 1961.47 

30.75 2.4906 1.1152     1960.14 

31.25 2.6228 0.9110     1958.25 

31.75 2.7597 1.1162     1955.63 

32.25 2.9012 0.6450 0.2390 0.0574 1.8063 0.1333 1952.34 

32.75 2.7034 1.0861     1949.06 

33.25 2.5147 0.8738     1946.28 

33.75 2.3351 1.0541     1944.03 

34.25 2.1642 0.5896 0.1737 0.0498 1.9357 0.1328 1942.31 

34.75 2.2345 1.0247     1940.37 

35.25 2.3063 0.8381     1937.92 

35.75 2.3796 1.0282     1935.12 

36.25 2.4544 0.5957 0.068954 0.04073 1.8155 0.1281 1930.23 

36.75 2.2845 1.0343     1925.87 

37.25 2.1227 0.8455     1923.46 

37.75 1.9687 1.0368     1921.26 

38.25 1.8223 0.6001 0.040088 0.037872 1.7066 0.1273 1919.23 

38.75 1.8162 1.0175     1916.89 

39.25 1.8102 0.8217     1914.64 

39.75 1.8041 0.9952     1912.50 

40.25 1.7981 0.5614 -0.01421 #DIV/0! 1.9033 0.1274 1910.06 

40.75 1.7223 0.9750     1907.61 

41.25 1.6487 0.7972     1905.31 

41.75 1.5772 0.9777     1903.04 

42.25 1.5078 0.5660 0.003512 0.009746 1.7839 0.1250 1900.63 

42.75       1898.14 

43.25       1895.72 

43.75       1893.12 

44.25       1890.77 

44.75       1888.33 

45.25       1885.57 

45.75       1883.04 

46.25       1880.81 

46.75       1878.53 

47.25       1876.03 

47.75       1873.61 

48.25       1871.15 

48.75       1868.62 

49.25       1866.01 

49.75       1863.41 

50.25       1860.87 

50.75       1858.06 

51.25       1855.11 

51.75       1852.36 

52.25       1849.71 

52.75       1846.95 

53.25       1843.94 

53.75       1840.77 

54.25       1837.85 

54.75       1834.82 

55.25       1831.69 
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55.75       1828.76 

56.25       1825.38 

56.75       1822.16 

57.25       1819.16 

57.75       1815.91 

58.25       1813.04 

58.75       1810.27 

59.25       1807.24 

59.75       1804.30 

60.25       1801.40 

60.75       1798.16 

61.25       1795.16 

61.75       1792.42 

62.25       1789.56 

62.75       1786.74 

63.25       1783.70 

63.75       1780.69 

64.25       1777.68 

64.75       1774.79 

65.25       1772.09 

65.75       1768.98 

66.25       1765.44 

66.75       1762.07 

67.25       1758.56 

67.75       1755.06 

68.25       1751.86 

68.75       1748.47 

69.25       1744.89 

69.75       1741.61 

70.25       1738.62 

 

Table B4: Total dry mass sedimentation rates for the SK 26 sediment core. 

Midpoint 

depth (cm) 

Midpoint 

depth CRS 

dates 

Total dry 

mass 

sedimentation 

(g/cm2 yr) 

Total dry 

mass 

sedimentation 

error (1 std. 

dev.) 

0.25 2022.60 0.0450 0.0230 

0.75 2022.45 0.0439 0.0210 

1.25 2022.35 0.0529 0.0258 

1.75 2022.24 0.0655 0.0330 

2.25 2021.95 0.0503 0.0142 

2.75 2021.46 0.0611 0.0209 

3.25 2020.73 0.0384 0.0076 

3.75 2019.88 0.0491 0.0117 

4.25 2019.15 0.0561 0.0157 

4.75 2018.35 0.0547 0.0129 

5.25 2017.49 0.0581 0.0165 

5.75 2016.72 0.0529 0.0187 

6.25 2015.73 0.0482 0.0120 

6.75 2014.76 0.0462 0.0144 

7.25 2013.81 0.0448 0.0101 

7.75 2012.70 0.0443 0.0132 

8.25 2011.66 0.0438 0.0106 

8.75 2010.53 0.0434 0.0134 

9.25 2009.24 0.0426 0.0105 

9.75 2008.02 0.0466 0.0161 
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10.25 2006.91 0.0516 0.0162 

10.75 2005.74 0.0507 0.0211 

11.25 2004.61 0.0496 0.0169 

11.75 2003.33 0.0491 0.0204 

12.25 2001.93 0.0479 0.0156 

12.75 2000.60 0.0455 0.0206 

13.25 1999.31 0.0430 0.0163 

13.75 1997.88 0.0453 0.0215 

14.25 1996.35 0.0472 0.0170 

14.75 1994.84 0.0405 0.0183 

15.25 1993.37 0.0346 0.0124 

15.75 1992.18 0.0540 0.0358 

16.25 1991.15 0.0935 0.0778 

16.75 1990.29 0.0697 0.0571 

17.25 1989.33 0.0536 0.0271 

17.75 1987.95 0.0481 0.0278 

18.25 1986.23 0.0427 0.0185 

18.75 1984.47 0.0443 0.0264 

19.25 1982.77 0.0464 0.0242 

19.75 1981.16 0.0488 0.0342 

20.25 1979.43 0.0520 0.0307 

20.75 1977.54 0.0539 0.0458 

21.25 1975.79 0.0564 0.0425 

21.75 1974.39 0.0779 0.1057 

22.25 1973.39 0.1156 0.1793 

22.75 1972.82 0.4083 2.9930 

23.25 1972.68 3.7868 200.1342 

23.75 1972.53 0.3893 2.7446 

24.25 1971.88 0.1049 0.1555 

24.75 1971.11 0.2008 0.7529 

25.25 1970.76 0.4776 3.3152 

25.75 1970.28 0.1356 0.3590 

26.25 1968.92 0.0547 0.0486 

26.75 1967.33 0.0797 0.1388 

27.25 1966.40 0.1283 0.2818 

27.75 1965.65 0.1295 0.3765 

28.25 1964.82 0.1302 0.2934 

28.75 1964.07 0.1184 0.3405 

29.25 1963.34 0.1088 0.2302 

29.75 1962.45 0.0896 0.2113 

30.25 1961.47 0.0744 0.1156 

30.75 1960.14 0.0582 0.1134 

31.25 1958.25 0.0453 0.0616 

31.75 1955.63 0.0351 0.0464 

32.25 1952.34 0.0268 0.0203 

32.75 1949.06 0.0321 0.0464 

33.25 1946.28 0.0402 0.0672 

33.75 1944.03 0.0534 0.1473 

34.25 1942.31 0.0753 0.1985 

34.75 1940.37 0.0566 0.1777 

35.25 1937.92 0.0418 0.0894 

35.75 1935.12 0.0314 0.0636 

36.25 1930.23 0.0234 0.0240 
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Table B5: Measured 210Pb, 137Cs and 226Ra values and CRS dates for the SK 58 sediment core.  

Midpoint 

depth (cm) 

Total 210Pb 

(dpm/g) 

210Pb error 

(1 std. 

dev.) 

137Cs 

(dpm/g) 

137Cs error 

(1 std. 

dev.) 

226Ra 

(dpm/g) 

226Ra error 

(1 std. 

dev.) 

Midpoint 

depth CRS 

dates with 

linear 

extrapolation 

0.25 7.1944 1.4250 0.4617 0.1455 -0.0101 0.0344 2022.59 

0.75 7.0863 1.8258     2022.38 

1.25 6.9794 1.1414 0.4148 0.1100 -0.0536 0.0704 2022.09 

1.75 8.3217 0.9385 0.7026 0.1136 0.0411 0.0526 2021.54 

2.25 9.2057 0.8029 1.0346 0.1217 0.4984 0.2762 2020.67 

2.75 8.2847 0.7423   -0.0016 0.0033 2019.15 

3.25 9.2330 0.7006 1.1883 0.1214 0.0022 0.0015 2016.94 

3.75 9.0289 0.7016 1.0386 0.1111 0.2563 0.0597 2014.57 

4.25 9.2472 0.7730 0.9539 0.1118 0.2795 0.0725 2012.06 

4.75 10.8598 0.8400 1.1052 0.1242 0.2839 0.0706 2009.25 

5.25 11.4599 0.8419 1.1319 0.1236 0.0915 0.0301 2005.70 

5.75 11.5903 1.0365 1.1424 0.1392 0.4030 0.1020 2001.75 

6.25 12.4522 0.9302 1.0889 0.1238 0.0536 0.1035 1997.73 

6.75 8.3010 0.7755 1.0663 0.1236 -0.0164 0.0554 1993.12 

7.25 6.2477 0.6376 1.0441 0.1153 -0.0006 0.0130 1988.29 

7.75 4.5289 0.6065 1.1305 0.1218 0.0404 0.1055 1983.72 

8.25 3.1827 0.4948 1.1689 0.1178 -0.0014 0.0031 1979.69 

8.75 2.5530 0.4652 1.1888 0.1182 0.1242 0.0364 1975.86 

9.25 2.4964 0.4598 1.0960 0.1096 0.0053 0.0300 1972.29 

9.75 3.5967 0.5172 1.3057 0.1298 -0.0044 0.0270 1966.71 

10.25 2.2235 0.4702 1.0930 0.1092 0.2746 0.0581 1961.26 

10.75 2.1379 0.4465 0.9078 0.0934 0.1516 0.0417 1956.69 

11.25 1.5573 0.4453 0.8193 0.0862 0.0301 0.0118 1950.82 

11.75 1.3916 0.6378     1945.22 

12.25 1.2380 0.4566 0.5846 0.0692 0.1736 0.0431 1939.88 

12.75 0.9954 0.6683     1934.23 

13.25 0.7868 0.4879 0.3636 0.0558 0.1327 0.0475 1928.41 

13.75 0.5204 0.4045 0.2816 0.0429 -0.0038 0.0014 1924.03 

14.25 0.3903 0.4805 0.2307 0.0424 -0.0061 0.0025 1918.52 

14.75 0.0779 1.2263     1911.75 

15.25 0.5250 0.4792 0.1744 0.0431 0.0480 0.0156 1905.50 

15.75 0.3770 0.7093     1899.18 

16.25 0.2598 0.5229 0.1379 0.0393 0.1271 0.0337 1892.76 

16.75       1885.90 

17.25       1879.15 

17.75       1871.06 

18.25 0.2473 0.5024 0.0642 0.0342 0.3600 0.1055 1863.19 

18.75       1856.44 

19.25       1848.66 

19.75       1839.87 

20.25       1830.96 

20.75       1822.62 

21.25       1817.26 

21.75       1811.54 

22.25 0.1932 0.5367 0.0762 0.0328 -0.0031 0.0162 1802.13 

22.75       1792.57 

23.25       1783.24 

23.75       1773.88 

24.25       1764.39 

24.75       1754.22 

25.25       1744.34 

25.75       1735.19 
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26.25       1725.83 

26.75       1716.52 

27.25       1707.24 

27.75       1697.43 

28.25       1687.76 

28.75       1678.33 

29.25       1668.87 

29.75       1658.27 

30.25       1647.71 

30.75       1638.54 

31.25       1629.25 

31.75       1618.30 

 

Table B6: Total dry mass sedimentation rates for the SK 58 sediment core. 

Midpoint 

depth (cm) 

Midpoint 

depth CRS 

dates 

Total dry 

mass 

sedimentation 

(g/cm2 yr) 

Total dry 

mass 

sedimentation 

error (1 std. 

dev.) 

0.25 2022.59 0.0774 0.0158 

0.75 2022.38 0.0781 0.0207 

1.25 2022.09 0.0788 0.0136 

1.75 2021.54 0.0651 0.0078 

2.25 2020.67 0.0575 0.0062 

2.75 2019.15 0.0620 0.0058 

3.25 2016.94 0.0521 0.0042 

3.75 2014.57 0.0495 0.0043 

4.25 2012.06 0.0449 0.0042 

4.75 2009.25 0.0351 0.0031 

5.25 2005.70 0.0303 0.0025 

5.75 2001.75 0.0263 0.0027 

6.25 1997.73 0.0218 0.0020 

6.75 1993.12 0.0287 0.0031 

7.25 1988.29 0.0329 0.0039 

7.75 1983.72 0.0394 0.0064 

8.25 1979.69 0.0494 0.0086 

8.75 1975.86 0.0554 0.0118 

9.25 1972.29 0.0501 0.0110 

9.75 1966.71 0.0311 0.0054 

10.25 1961.26 0.0399 0.0108 

10.75 1956.69 0.0380 0.0099 

11.25 1950.82 0.0439 0.0145 

11.75 1945.22 0.0417 0.0220 

12.25 1939.88 0.0397 0.0179 

12.75 1934.23 0.0433 0.0325 

13.25 1928.41 0.0464 0.0346 

13.75 1924.03 0.0646 0.0612 
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Appendix C – Sediment core loss-on-ignition 

Table C1: Results of loss-on-ignition analysis for the sediment core of SK 31 including water 

content, organic matter content, mineral matter content (including and excluding carbonate) and 

carbonate content. 

Midpoint 

depth (cm) 
Water (%) 

Organic 

matter (%) 

Mineral 

matter (%) 

Mineral 

matter- 

carbonate 

free (%) 

Carbonate 

(CaCO3) 

(%) 

0.25 99.36 36.79 63.21 52.94 10.28 

0.75 97.79 54.30 45.70 37.59 8.11 

1.25 98.26 63.21 36.79 32.94 3.85 

1.75 97.29 60.00 40.00 29.47 10.53 

2.25 96.90 60.56 39.44 30.38 9.07 

2.75 96.98 57.14 42.86 31.85 11.01 

3.25 95.69 50.50 49.50 31.43 18.07 

3.75 94.62 50.74 49.26 31.08 18.18 

4.25 94.45 48.97 51.03 31.71 19.32 

4.75 94.28 50.00 50.00 30.62 19.38 

5.25 93.27 34.48 65.52 39.72 25.79 

5.75 93.26 43.03 56.97 35.60 21.38 

6.25 91.78 40.07 59.93 33.81 26.12 

6.75 92.82 48.51 51.49 34.92 16.58 

7.25 93.46 45.37 54.63 33.96 20.67 

7.75 93.03 46.54 53.46 34.65 18.81 

8.25 92.89 43.75 56.25 36.70 19.55 

8.75 91.03 41.61 58.39 40.31 18.07 

9.25 91.82 41.64 58.36 42.18 16.18 

9.75 89.64 33.44 66.56 49.25 17.31 

10.25 90.51 35.30 64.70 47.90 16.80 

10.75 85.89 27.03 72.97 57.07 15.90 

11.25 87.00 26.85 73.15 58.13 15.02 

11.75 84.31 22.59 77.41 66.69 10.72 

12.25 85.92 25.40 74.60 60.26 14.34 

12.75 84.55 24.15 75.85 61.81 14.04 

13.25 87.81 29.49 70.51 53.48 17.03 

13.75 85.71 25.37 74.63 61.19 13.43 

14.25 81.76 21.27 78.73 65.21 13.52 

14.75 83.78 23.03 76.97 64.12 12.85 

15.25 86.99 28.02 71.98 54.57 17.41 

15.75 82.81 21.58 78.42 65.64 12.78 

16.25 84.50 23.43 76.57 60.35 16.22 

16.75 82.13 21.42 78.58 65.03 13.55 

17.25 80.84 21.26 78.74 61.91 16.82 

17.75 83.65 24.73 75.27 60.07 15.19 

18.25 83.99 25.02 74.98 59.53 15.45 

18.75 85.62 27.76 72.24 54.71 17.54 

19.25 89.61 36.34 63.66 47.33 16.34 

19.75 84.64 25.34 74.66 58.55 16.11 

20.25 79.80 20.09 79.91 67.02 12.89 

20.75 79.70 19.21 80.79 67.54 13.25 

21.25 79.16 18.51 81.49 70.54 10.95 

21.75 78.13 16.44 83.56 73.90 9.66 

22.25 74.20 15.63 84.37 75.63 8.74 

22.75 76.73 18.05 81.95 70.70 11.25 

23.25 77.49 18.66 81.34 68.16 13.18 

23.75 78.36 19.77 80.23 66.92 13.31 
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24.25 77.98 21.52 78.48 64.31 14.17 

24.75 77.69 19.88 80.12 66.32 13.80 

25.25 79.15 21.64 78.36 60.91 17.46 

25.75 79.70 21.63 78.37 61.12 17.25 

26.25 80.16 22.24 77.76 62.90 14.85 

26.75 79.93 22.13 77.87 60.93 16.94 

27.25 79.06 22.29 77.71 63.21 14.51 

27.75 81.77 26.16 73.84 57.76 16.08 

28.25 78.05 22.69 77.31 63.31 14.00 

28.75 80.45 27.16 72.84 58.24 14.60 

29.25 80.57 27.47 72.53 57.85 14.67 

29.75 80.74 25.89 74.11 60.36 13.75 

30.25 82.12 30.30 69.70 55.04 14.66 

30.75 80.11 28.50 71.50 56.09 15.41 

31.25 81.02 29.25 70.75 52.06 18.69 

31.75 81.42 27.29 72.71 56.59 16.12 

32.25 80.99 31.39 68.61 53.94 14.68 

32.75 83.39 33.62 66.38 50.40 15.98 

33.25 83.11 33.63 66.37 48.91 17.46 

33.75 82.47 31.39 68.61 48.43 20.18 

34.25 85.46 37.26 62.74 45.90 16.84 

34.75 82.26 35.45 64.55 47.98 16.56 

35.25 84.53 35.87 64.13 45.36 18.76 

35.75 85.18 37.63 62.37 44.33 18.04 

36.25 82.98 33.30 66.70 46.51 20.19 

36.75 84.36 36.22 63.78 38.97 24.81 

37.25 83.68 37.67 62.33 39.79 22.53 

37.75 85.26 39.35 60.65 40.95 19.70 

38.25 85.08 40.55 59.45 36.15 23.29 

38.75 84.75 41.56 58.44 36.33 22.10 

39.25 85.58 40.44 59.56 36.55 23.01 

39.75 86.40 41.50 58.50 35.20 23.30 

40.25 86.09 41.47 58.53 35.12 23.40 

40.75 86.39 43.22 56.78 32.50 24.28 

41.25 86.63 45.44 54.56 31.73 22.83 

41.75 84.84 47.14 52.86 31.68 21.19 

42.25 87.49 45.61 54.39 33.07 21.32 

42.75 86.09 42.74 57.26 35.37 21.89 

43.25 87.21 45.06 54.94 33.96 20.98 

43.75 86.52 47.44 52.56 30.49 22.07 

44.25 85.74 46.32 53.68 33.30 20.37 

44.75 86.94 49.37 50.63 30.34 20.29 

45.25 85.77 47.91 52.09 30.94 21.15 

45.75 87.17 49.53 50.47 29.92 20.55 

46.25 85.60 48.00 52.00 32.16 19.85 

46.75 84.99 45.27 54.73 32.06 22.67 

47.25 85.02 48.36 51.64 33.81 17.82 

47.75 84.02 46.73 53.27 35.68 17.59 

48.25 84.23 45.47 54.53 37.39 17.14 

48.75 84.04 44.88 55.12 39.17 15.95 

49.25 82.83 41.40 58.60 41.60 17.00 

49.75 82.88 42.29 57.71 41.95 15.76 

50.25 82.63 44.61 55.39 40.34 15.05 

50.75 82.20 42.37 57.63 42.46 15.17 

51.25 80.69 41.60 58.40 42.52 15.89 

51.75 83.02 43.39 56.61 38.26 18.36 

52.25 82.42 42.34 57.66 42.21 15.45 

52.75 81.36 42.76 57.24 42.21 15.02 

53.25 80.48 41.38 58.62 43.02 15.61 
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53.75 80.91 43.02 56.98 41.48 15.50 

54.25 80.60 41.28 58.72 43.05 15.67 

54.75 81.42 43.10 56.90 42.59 14.31 

55.25 81.11 45.71 54.29 39.55 14.74 

55.75 81.04 43.71 56.29 41.94 14.35 

56.25 80.73 45.04 54.96 39.25 15.71 

56.75 80.93 45.89 54.11 38.81 15.30 

57.25 80.35 50.06 49.94 33.76 16.18 

57.75 81.88 49.38 50.62 32.63 17.99 

58.25 81.61 47.31 52.69 36.82 15.87 

58.75 80.43 50.18 49.82 33.62 16.20 

59.25 81.33 46.55 53.45 35.38 18.07 

59.75 81.04 45.16 54.84 38.12 16.72 

60.25 81.18 45.85 54.15 36.75 17.40 

60.75 80.74 55.31 44.69 30.11 14.58 

61.25 80.08 50.47 49.53 34.16 15.37 

61.75 80.29 46.72 53.28 36.95 16.34 

62.25 80.84 54.84 45.16 31.84 13.31 

62.75 80.54 51.44 48.56 31.41 17.15 

63.25 80.62 54.24 45.76 31.25 14.51 

63.75 79.87 53.60 46.40 31.72 14.68 

64.25 80.23 55.63 44.37 30.35 14.02 

64.75 80.10 56.93 43.07 29.14 13.94 

65.25 77.94 48.99 51.01 35.71 15.30 

65.75 79.63 55.52 44.48 30.33 14.14 

66.25 77.85 55.66 44.34 30.42 13.92 

66.75 78.56 59.14 40.86 29.33 11.53 

67.25 78.68 55.53 44.47 30.70 13.77 

67.75 78.93 63.55 36.45 26.41 10.04 

68.25 79.21 61.25 38.75 25.14 13.61 

68.75 77.66 61.20 38.80 25.83 12.97 

69.25 77.80 63.55 36.45 25.47 10.98 

69.75 77.59 74.47 25.53 17.06 8.48 

70.25 77.70 69.01 30.99 21.26 9.73 

70.75 79.48 74.16 25.84 21.66 4.17 

71.25 80.17 73.61 26.39 20.83 5.56 

71.75 78.73 65.75 34.25 24.53 9.72 

72.25 79.98 76.67 23.33 19.52 3.82 

72.75 80.11 72.02 27.98 21.86 6.12 

73.25 80.15 73.55 26.45 21.12 5.33 

73.75 80.78 75.34 24.66 20.15 4.50 

74.25 79.38 75.58 24.42 20.53 3.89 

74.75 79.51 76.47 23.53 19.81 3.72 

75.25 78.83 76.97 23.03 20.25 2.78 

75.75 77.26 77.05 22.95 19.78 3.17 

76.25 79.86 70.40 29.60 21.55 8.05 

76.75 78.41 69.35 30.65 21.94 8.71 

 

Table C2: Results of loss-on-ignition analysis for the sediment core of SK 26 including water 

content, organic matter content, mineral matter content (including and excluding carbonate) and 

carbonate content.  

Midpoint 

depth (cm) 
Water (%) 

Organic 

matter (%) 

Mineral 

matter (%) 

Mineral 

matter- 

carbonate 

free (%) 

Carbonate 

(CaCO3) 

(%) 

0.25 99.15 41.66 58.34 52.99 5.36 
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0.75 98.88 46.51 53.49 49.27 4.22 

1.25 99.02 41.57 58.43 50.24 8.19 

1.75 98.06 53.06 46.94 41.39 5.55 

2.25 95.17 49.32 50.68 43.74 6.94 

2.75 93.10 45.86 54.14 46.25 7.89 

3.25 93.45 50.11 49.89 42.45 7.44 

3.75 91.71 48.29 51.71 45.51 6.21 

4.25 91.64 48.64 51.36 44.16 7.20 

4.75 90.04 45.62 54.38 45.62 8.76 

5.25 90.89 53.31 46.69 40.08 6.61 

5.75 91.26 51.22 48.78 43.62 5.17 

6.25 90.46 49.06 50.94 45.20 5.74 

6.75 90.84 48.33 51.67 46.52 5.15 

7.25 90.36 47.47 52.53 45.05 7.47 

7.75 91.71 48.77 51.23 46.20 5.04 

8.25 90.38 48.50 51.50 45.38 6.13 

8.75 89.67 48.25 51.75 45.46 6.29 

9.25 88.72 48.26 51.74 46.09 5.65 

9.75 88.84 50.53 49.47 44.53 4.94 

10.25 88.58 48.22 51.78 45.11 6.66 

10.75 88.87 56.23 43.77 39.19 4.58 

11.25 87.28 49.95 50.05 45.02 5.03 

11.75 87.73 50.60 49.40 43.48 5.91 

12.25 87.47 49.35 50.65 45.21 5.43 

12.75 87.55 49.13 50.87 45.89 4.98 

13.25 88.15 48.40 51.60 45.64 5.96 

13.75 87.29 48.01 51.99 43.52 8.47 

14.25 88.44 50.07 49.93 42.08 7.85 

14.75 86.97 49.33 50.67 46.04 4.63 

15.25 89.18 51.89 48.11 42.82 5.29 

15.75 88.76 51.32 48.68 42.46 6.22 

16.25 86.98 51.96 48.04 41.37 6.67 

16.75 87.05 50.16 49.84 44.08 5.76 

17.25 88.11 50.24 49.76 43.98 5.78 

17.75 85.44 49.65 50.35 43.30 7.05 

18.25 85.45 50.08 49.92 42.99 6.93 

18.75 85.17 49.67 50.33 44.83 5.50 

19.25 85.44 51.45 48.55 43.05 5.50 

19.75 86.01 50.47 49.53 44.09 5.45 

20.25 82.02 49.01 50.99 45.32 5.67 

20.75 80.91 48.53 51.47 46.45 5.02 

21.25 83.60 49.13 50.87 44.95 5.92 

21.75 81.85 47.94 52.06 45.66 6.40 

22.25 82.13 46.69 53.31 47.04 6.27 

22.75 81.13 48.65 51.35 45.29 6.05 

23.25 80.90 47.78 52.22 45.90 6.32 

23.75 80.42 49.06 50.94 45.84 5.10 

24.25 80.34 50.24 49.76 45.08 4.68 

24.75 81.62 51.45 48.55 44.26 4.29 

25.25 80.91 49.84 50.16 44.61 5.55 

25.75 81.73 49.30 50.70 44.59 6.11 

26.25 80.84 50.64 49.36 42.08 7.28 

26.75 82.30 50.85 49.15 42.37 6.79 

27.25 82.28 51.81 48.19 41.47 6.72 

27.75 80.94 49.74 50.26 45.57 4.69 

28.25 82.98 52.17 47.83 41.57 6.26 

28.75 83.36 51.27 48.73 40.94 7.79 

29.25 83.57 55.05 44.95 38.09 6.86 

29.75 83.31 52.21 47.79 42.56 5.23 
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30.25 84.05 57.37 42.63 34.22 8.41 

30.75 83.77 53.59 46.41 40.37 6.04 

31.25 82.53 53.33 46.67 40.70 5.96 

31.75 81.91 51.60 48.40 41.87 6.53 

32.25 81.10 50.52 49.48 43.36 6.13 

32.75 81.28 47.01 52.99 42.99 10.00 

33.25 82.64 50.40 49.60 42.67 6.93 

33.75 80.98 59.27 40.73 26.70 14.03 

34.25 80.21 51.42 48.58 42.32 6.26 

34.75 77.94 47.52 52.48 47.30 5.17 

35.25 80.38 49.40 50.60 44.54 6.05 

35.75 80.18 47.96 52.04 45.03 7.00 

36.25 78.14 51.78 48.22 43.39 4.84 

36.75 78.32 49.44 50.56 45.99 4.57 

37.25 77.17 50.39 49.61 46.09 3.52 

37.75 78.89 52.84 47.16 41.56 5.60 

38.25 76.27 47.27 52.73 47.72 5.01 

38.75 76.76 48.88 51.12 46.06 5.06 

39.25 78.14 48.98 51.02 44.64 6.37 

39.75 78.46 48.78 51.22 45.07 6.15 

40.25 75.41 47.59 52.41 45.86 6.55 

40.75 76.69 49.04 50.96 44.52 6.44 

41.25 75.95 46.52 53.48 48.12 5.36 

41.75 76.58 47.30 52.70 46.69 6.01 

42.25 75.27 47.42 52.58 45.87 6.71 

42.75 76.47 47.38 52.62 44.99 7.63 

43.25 76.41 48.40 51.60 44.57 7.03 

43.75 75.05 46.72 53.28 47.26 6.03 

44.25 78.53 48.74 51.26 44.30 6.96 

44.75 74.42 48.13 51.87 45.83 6.04 

45.25 75.27 50.15 49.85 42.10 7.76 

45.75 76.11 55.53 44.47 37.26 7.21 

46.25 74.90 50.41 49.59 40.04 9.55 

46.75 78.58 48.08 51.92 44.96 6.96 

47.25 76.22 48.58 51.42 44.64 6.78 

47.75 75.11 47.19 52.81 46.38 6.43 

48.25 74.08 47.34 52.66 45.42 7.24 

48.75 75.89 53.71 46.29 38.84 7.45 

49.25 74.34 47.54 52.46 44.78 7.69 

49.75 74.70 47.34 52.66 45.22 7.44 

50.25 72.24 48.16 51.84 45.27 6.57 

50.75 73.69 47.47 52.53 44.89 7.63 

51.25 73.30 48.96 51.04 44.33 6.71 

51.75 71.88 48.33 51.67 46.85 4.82 

52.25 75.05 50.07 49.93 42.98 6.95 

52.75 73.63 49.66 50.34 43.25 7.09 

53.25 70.91 46.63 53.37 47.89 5.48 

53.75 69.97 45.48 54.52 48.06 6.46 

54.25 72.90 49.22 50.78 43.45 7.33 

54.75 70.64 45.31 54.69 46.94 7.74 

55.25 69.58 45.79 54.21 46.61 7.61 

55.75 70.59 45.31 54.69 47.25 7.44 

56.25 70.79 46.94 53.06 43.86 9.20 

56.75 71.70 45.03 54.97 47.30 7.67 

57.25 70.80 44.64 55.36 48.45 6.91 

57.75 71.50 47.72 52.28 45.36 6.92 

58.25 71.58 45.61 54.39 47.08 7.31 

58.75 71.01 44.52 55.48 48.27 7.21 

59.25 71.18 45.59 54.41 46.33 8.08 
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59.75 72.76 47.27 52.73 45.07 7.66 

60.25 71.97 46.43 53.57 45.70 7.87 

60.75 72.06 47.01 52.99 45.66 7.33 

61.25 72.07 48.86 51.14 41.94 9.19 

61.75 71.53 48.37 51.63 45.18 6.45 

62.25 71.99 47.68 52.32 45.94 6.37 

62.75 72.37 47.61 52.39 45.33 7.06 

63.25 72.26 46.88 53.12 45.78 7.34 

63.75 71.96 46.56 53.44 45.58 7.86 

64.25 72.17 49.23 50.77 44.00 6.77 

64.75 71.63 47.38 52.62 44.85 7.77 

65.25 72.14 49.56 50.44 43.11 7.33 

65.75 69.51 47.75 52.25 45.48 6.76 

66.25 67.08 47.83 52.17 48.69 3.48 

66.75 67.03 44.75 55.25 47.41 7.84 

67.25 67.37 44.27 55.73 50.36 5.37 

67.75 68.83 49.53 50.47 46.71 3.76 

68.25 67.13 46.73 53.27 45.78 7.49 

68.75 69.88 48.81 51.19 47.36 3.83 

69.25 68.27 49.73 50.27 47.33 2.94 

69.75 68.99 50.91 49.09 45.59 3.50 

70.25 68.63 50.32 49.68 46.46 3.22 

 

Table C3: Results of loss-on-ignition analysis for the sediment core of SK 58 including water 

content, organic matter content, mineral matter content (including and excluding carbonate) and 

carbonate content.  

Midpoint 

depth (cm) 
Water (%) 

Organic 

matter (%) 

Mineral 

matter (%) 

Mineral 

matter- 

carbonate 

free (%) 

Carbonate 

(CaCO3) 

(%) 

0.25 99.02 38.98 61.02 42.58 18.44 

0.75 96.13 33.66 66.34 38.48 27.86 

1.25 94.47 36.43 63.57 31.94 31.63 

1.75 90.87 35.69 64.31 32.31 32.00 

2.25 89.56 34.01 65.99 33.56 32.43 

2.75 79.42 26.79 73.21 34.36 38.86 

3.25 78.56 28.09 71.91 33.89 38.02 

3.75 81.21 28.61 71.39 33.40 37.98 

4.25 80.22 28.99 71.01 34.52 36.49 

4.75 81.40 29.90 70.10 34.45 35.65 

5.25 80.71 31.34 68.66 32.81 35.85 

5.75 83.62 29.21 70.79 33.86 36.93 

6.25 83.33 29.40 70.60 32.69 37.91 

6.75 79.18 26.97 73.03 34.45 38.57 

7.25 75.68 24.45 75.55 35.70 39.85 

7.75 71.96 22.31 77.69 35.76 41.93 

8.25 69.81 21.27 78.73 36.25 42.48 

8.75 69.31 21.64 78.36 35.93 42.43 

9.25 71.91 22.70 77.30 37.02 40.29 

9.75 67.45 22.01 77.99 35.63 42.37 

10.25 88.50 21.29 78.71 35.91 42.80 

10.75 68.23 21.32 78.68 35.89 42.79 

11.25 64.58 22.69 77.31 36.15 41.15 

11.75 65.11 21.91 78.09 36.37 41.72 

12.25 67.83 22.09 77.91 36.17 41.74 

12.75 65.16 21.17 78.83 38.35 40.48 
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13.25 61.73 20.45 79.55 45.25 34.30 

13.75 62.19 19.48 80.52 43.41 37.11 

14.25 57.46 17.65 82.35 49.35 32.99 

14.75 64.98 21.22 78.78 39.11 39.67 

15.25 58.88 19.73 80.27 54.32 25.96 

15.75 58.18 18.34 81.66 48.24 33.42 

16.25 59.14 18.65 81.35 53.48 27.87 

16.75 55.45 16.59 83.41 47.92 35.49 

17.25 58.32 20.47 79.53 53.71 25.82 

17.75 55.64 17.31 82.69 48.65 34.04 

18.25 55.21 18.33 81.67 49.93 31.73 

18.75 55.92 18.20 81.80 48.65 33.14 

19.25 51.80 15.57 84.43 49.79 34.65 

19.75 50.47 15.23 84.77 52.92 31.86 

20.25 48.66 15.92 84.08 51.48 32.60 

20.75 50.50 15.56 84.44 49.68 34.76 

21.25 49.27 15.40 84.60 50.01 34.59 

21.75 49.40 15.84 84.16 49.87 34.28 

22.25 50.24 16.40 83.60 47.94 35.66 

22.75 49.99 16.38 83.62 47.77 35.85 

23.25 49.14 15.87 84.13 46.44 37.68 

23.75 49.86 16.40 83.60 45.51 38.09 

24.25 48.23 15.02 84.98 50.93 34.05 

24.75 46.13 14.04 85.96 50.16 35.80 

25.25 48.13 14.38 85.62 50.89 34.73 

25.75 46.25 14.09 85.91 51.87 34.04 

26.25 47.99 14.85 85.15 50.17 34.98 

26.75 47.10 16.41 83.59 46.40 37.19 

27.25 47.36 15.97 84.03 46.21 37.82 

27.75 47.44 14.94 85.06 49.84 35.23 

28.25 48.68 16.16 83.84 47.79 36.05 

28.75 48.27 15.64 84.36 48.92 35.44 

29.25 49.07 16.17 83.83 50.20 33.62 

29.75 43.85 16.71 83.29 53.19 30.11 

30.25 49.20 18.84 81.16 45.59 35.57 

30.75 48.20 17.08 82.92 45.85 37.07 

31.25 47.93 16.25 83.75 47.64 36.11 

31.75 47.75 16.24 83.76 50.52 33.24 
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Appendix D – Standard Operating Procedure (SOP) 

SOP for evolving and measuring the isotope composition (18O, 13C) of pond/lake sediment 

carbonate 

1.0 Introduction 

Purpose: This standard operating procedure (SOP) provides detailed methods for evolving and 

measuring the oxygen isotope composition of carbonate (δ18Ocarb) from pond/lake sediment. 

Changes in the oxygen isotope composition of endogenic carbonate that forms in isotopic 

equilibrium can reflect the temperature and oxygen isotope composition of pond/lake water at 

the time of mineral precipitation (Kim and O’Neil, 1997; Leng and Marshall, 2004). In 

paleolimnological applications, the oxygen isotope composition of endogenic carbonate (δ18Ocarb) 

in pond/lake sediment can provide information on changes in water balance (Anderson et al., 

2005; Kelts and Talbot, 1990; Steinman et al., 2010, 2013; Steinman and Abbott, 2013; Talbot, 

1990). Methods for preparing pond/lake sediment samples for carbonate oxygen isotope analysis 

closely follow those of Leng and Marshall (2004).  

2.0 Safety Precautions 

Always wear a lab coat and gloves, closed-toe shoes and long pants when processing samples, 

especially when handling phosphoric acid (see section 4.5). Read entire procedure carefully 

before beginning and ask questions if there are uncertainties. Below are some brief guidelines for 

working with phosphoric acid; please refer to the Material Safety Data Sheet for a full overview. 

Prior to the handling of phosphoric acid please be aware of nearest eye wash station.  

Phosphoric acid  

Hazards and first aid measures: may cause eye and skin burns upon contact; 

immediately flush affected area with water for at least 15 minutes and contact medical 

aid. May cause digestive and respiratory tract burns if ingested. Do not induce vomiting, 

drink milk or water and seek medical aid immediately.   

Handling and storage: wash thoroughly after handling and store in a tightly closed 

container in a cool, dry and well-ventilated area away from incompatible substances. Do 

not store in metal containers; may be corrosive.  

3.0 Materials 

□ Falcon tubes  

□ Sharpie for labelling   

□ Plastic scoopula  

□ Deionized water  

□ Kim wipes 

□ Elastics  

□ Glass mortar and pestle  

□ 5 ml exetainer vials with screw caps and pre-baked septa 

- Provided by UW-EIL 
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□ Foil boat 

□ Metal scoopula   

□ 22-gauge needles (~12) 

- Provided by UW-EIL 

□ Purified phosphoric acid  

- Provided by UW-EIL 

□ 100 ml syringe  

- Provided by UW-EIL 

4.0 Procedure 

4.1 Loss-on-ignition 

1. Loss-on-ignition (LOI) must be completed first to have estimate of carbonate (CaCO3) 

content (expressed as a percentage) for each sub-sample. 

4.2 Freeze-drying and homogenizing  

1. Subsample wet sediment into falcon tubes.  

2. Remove caps from falcon tubes and cover each tube with a Kimwipe secured by an 

elastic band. Freeze subsamples overnight; ensure they are placed in the freezer on a 45° 

angle.  

3. Once samples are fully frozen, freeze-dry sediment.  

4. Homogenize freeze-dried sediment with a glass mortar and pestle. Rinse the mortar and 

pestle thoroughly with deionized water and dry completely with Kimwipes between 

samples to avoid cross-contamination. 

4.3 Weighing  

1. Determine the amount of sediment needed for each sample using Equation 2 (see below).  

- Use CaCO3 content (‘x') measured through loss-on-ignition analysis to 

determine amount of sediment (in mg) needed for each subsample (‘y’).  

- Note: it is better to underestimate the amount of sediment needed than to 

overestimate.  

𝑦 = 20.327𝑋−1.005                                                       (1) 

 

1. Label each 5-ml glass exetainer vial with sample number (#1-60) and sample 

identification. Standards should be prepared for the beginning, middle and end of each 

run. It is recommended to prepare standards according to Table 2. Prepare duplicates 

every 5-10 samples. 
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Table 2. Template for sample numbers, sample identification (ID), target weights (mg) and actual 

weights (mg). A total of 60 vials (44 samples and 16 standards) can be processed at a time.  

 

2. Weigh freeze-dried homogenized sediment samples and standards using a small foil 

weigh boat on the microbalance (Mettler Toledo MX5, max: 5,1g, d=1µg) to 0.05 

decimal places. Once the target weight is reached, carefully place the samples into 

respective vials and cap them.  

3. Replace septa in exetainer caps with pre-baked septa (baked for 24 hours minimum at 

90°C, to remove impurities).  

- Note: this will be done at the UW-EIL laboratory immediately prior to helium 

flushing (see section 4.4). Here, you will have access to pre-baked septa and drying 

oven.  

- Place unbaked septa in drying oven set to 90° Celsius.  

4. Screw caps on tight enough to ensure a seal but not overly tight, just until there is 

resistance. You want to avoid an excess build up of pressure (the septa will expand above 

the caps outer ring if there is too much pressure and look like a bellybutton).   

4.4 Helium Flushing  

5. Set up helium flushing system: Attach 10 vials at a time to dual needle gas flushing 

system (Figure 1). Each exetainer must be connected to the helium gas tank via tubing 

and a 22-gauge needle. A second needle must be placed in each exetainer to allow gases 

to flush their headspace. Connect the gas flow meter to the top left sample instead of an 

open needle to measure the speed of flushing. 
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Figure 1. Image of dual-needle gas flushing system at the Environmental Isotope Laboratory 

(University of Waterloo). Gas flow meter is pictured on the left-hand side, with tubing 

connecting the meter to the vial through a secondary dispensing needle. Vials are attached to 

dispensing needle connected to the helium tank. 

6. Open helium tank (red lever found at the top of the tank, found to the left of the flushing 

system) and flush samples at a target flow rate of 100-200 ml/min for 5 minutes. 

- Note: You can adjust the helium flow rate via tightening and loosening the valve 

found on the top of the helium tank and monitor the rate via the flow meter.   

7. Carefully remove vials from needle system by holding the blue section of both needles 

and pulling each vial downwards. The top row of vials should be detached first to avoid 

needle pokes. 

8. Repeat steps 6-8 for remaining samples. Close helium tank with red lever once all 

samples have been flushed.  

4.5 Evolving (with acid) 

9. Purify phosphoric acid. This is done through boiling the acid to remove any water entered 

by air vapour.  

- Note: The UW-EIL provides already purified phosphoric acid.     

10. Attach a 22-gauge needle head to a 100 ml syringe and pull up ~80-100mL of purified 

phosphoric acid. Insert the needle through each exetainer septa and add 12 drops (roughly 

100 micro liters) of phosphoric acid to each sample.  

- Note: If there is lots of resistance when inserting the needle through a septa, replace 

the needle head as it has likely become dull. Because phosphoric acid can be highly 

viscous, there may be a delay in filling your syringe. Maintain resistance and be 

patient!   

4.6 Isotope Ratio Mass Spectrometer 
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11. Place exetainer samples sequentially into the isotope ratio mass spectrometer in specified 

order: Sample #1 should be placed on the left in the uppermost row and subsequent 

samples are placed below the previous sample. See Figure 2 for reference.  

- Note: If there are less than 60 samples in the batch/run, place an empty vial in spot 

numbers 56 and 60 to ensure spectrometer is well-balanced.  

          

Figure 2. Delta V Plus Isotope ratio mass spectrometer (pictured on the left-hand side). 

Enlargement of the sample tray located within the spectrometer (pictured on the right-hand side). 

Samples are placed into the tray in the order noted on the picture, sample #1 is placed in the top 

left-hand corner and sample #60 is placed in the bottom right-hand corner.  

12. Input each sample number and identification into the spreadsheeted on the computer 

connected to the isotope ratio mass spectrometer. 

13. Allow samples to rest in the heated tray of the mass spectrometer for 90 minutes before 

samples are run (This will be done by a technician at the UW-EIL). 

 

  

10  15  20  25  30  35  40  45  50  55  60 
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Appendix E – Sediment core carbonate isotope composition 

Table E1: Carbonate isotope composition (13C, 18O) values (‰ VPDB) including carbonate-

inferred pond water 18O (‰ VSMOW) and pond water temperature used in Equation 1 to 

calculate pond water 18O for the SK 31 sediment core. 

Mid point 

depth (cm) 
CRS dates 

13Ccarb 

(‰ 

VPDB) 

18Ocarb 

(‰ 

VPDB) 

18Opw (‰ 

VSMOW) 

Water 

temperature 

used to 

calculate 

18Opw  

0.25 2022.53 -0.4 -11.1 -9.8 17.59 

1.25 2022.21 -2.3 -11.2 -9.9 17.59 

2.25 2021.28 -1.5 -12.1 -10.8 17.59 

3.25 2019.85 -0.6 -12.0 -10.7 17.59 

4.25 2017.43 -0.3 -11.6 -10.3 17.59 

5.25 2014.65 0.2 -11.6 -10.2 17.59 

6.25 2011.38 0.0 -11.9 -10.6 17.59 

7.25 2007.94 -0.5 -11.9 -10.6 17.59 

8.25 2004.90 -0.6 -11.7 -10.3 17.59 

9.25 2001.37 -1.0 -12.0 -10.7 17.59 

10.25 1998.03 -1.2 -12.1 -10.8 17.59 

11.25 1995.23 -1.4 -12.6 -11.2 17.59 

12.25 1993.05 -1.3 -12.2 -10.8 17.59 

13.25 1991.23 -0.9 -12.9 -11.6 17.59 

14.25 1988.28 -1.1 -13.0 -11.7 17.59 

15.25 1986.55 -1.7 -12.2 -10.9 17.59 

16.25 1983.38 -0.8 -12.5 -11.2 17.59 

17.25 1979.08 -0.9 -12.6 -11.3 17.59 

18.25 1973.40 -1.0 -12.8 -11.5 17.59 

19.25 1965.44 -0.8 -12.1 -10.8 17.59 

20.25 1955.19 -1.3 -12.7 -11.4 17.59 

21.25 1948.37 -1.4 -13.2 -11.9 17.59 

22.25 1945.55 -1.6 -12.9 -11.6 17.59 

23.25 1939.74 -1.6 -13.0 -11.6 17.59 

24.25 1934.31 -2.0 -12.8 -11.4 17.59 

25.25 1928.19 -1.8 -12.2 -10.9 17.59 

26.25 1921.65 -1.6 -13.1 -11.7 17.59 

27.25 1913.43 -1.9 -12.7 -11.4 17.59 

28.25 1904.50 -2.6 -12.3 -11.0 17.59 

29.25 1896.68 -2.0 -12.9 -11.6 17.59 

30.25 1890.70 -2.4 -12.8 -11.4 17.59 

31.25 1884.35 -2.3 -12.6 -11.2 17.59 

32.25 1878.47 -3.5 -12.1 -10.8 17.59 

33.25 1872.93 -3.1 -12.0 -10.6 17.59 

34.25 1867.44 -3.3 -12.0 -10.7 17.59 

35.25 1862.65 -2.8 -12.0 -10.7 17.59 

36.25 1857.71 -3.3 -12.4 -11.1 17.59 

37.25 1852.57 -2.6 -12.7 -11.4 17.59 

38.25 1848.02 -3.1 -12.8 -11.5 17.59 

39.25 1843.49 -3.6 -12.2 -10.9 17.59 

40.25 1839.17 -3.0 -10.3 -9.0 17.59 

41.25 1835.04 -3.6 -11.0 -9.7 17.59 

42.25 1830.87 -4.4 -11.4 -10.1 17.59 

43.25 1826.67 -4.6 -11.2 -9.9 17.59 

44.25 1822.57 -4.9 -11.3 -10.0 17.59 

45.25 1818.70 -5.2 -11.0 -9.7 17.59 

46.25 1814.65 -7.2 -10.5 -9.2 17.59 
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47.25 1810.28 -6.2 -11.3 -10.0 17.59 

48.25 1805.73 -7.6 -11.0 -9.6 17.59 

49.25 1800.53 -7.9 -10.0 -8.6 17.59 

50.25 1795.38 -9.0 -10.4 -9.0 17.59 

51.25 1789.56 -4.9 -1.2 0.1 17.59 

52.25 1783.53 -8.9 -10.6 -9.2 17.59 

53.25 1778.76 -3.3 2.4 3.7 17.59 

54.25 1772.17 -7.7 -10.2 -8.9 17.59 

55.25 1765.88 -7.7 -10.6 -9.3 17.59 

56.25 1761.21 -9.4 -10.7 -9.4 17.59 

57.25 1755.05 -11.2 -10.0 -8.7 17.59 

58.25 1748.85 -9.9 -10.5 -9.1 17.59 

59.25 1742.90 -9.7 -10.3 -9.0 17.59 

60.25 1737.34 -11.0 -10.4 -9.1 17.59 

61.25 1731.23 -10.1 -10.7 -9.3 17.59 

62.25 1724.91 -7.8 -5.3 -3.9 17.59 

63.25 1719.33 -9.3 -8.9 -7.6 17.59 

64.25 1713.57 -10.3 -11.4 -10.1 17.59 

65.25 1706.78 -11.8 -10.4 -9.1 17.59 

66.25 1700.62 -12.1 -10.5 -9.2 17.59 

67.25 1693.80 -10.8 -10.2 -8.9 17.59 

68.25 1686.91 -13.0 -11.7 -10.3 17.59 

69.25 1680.34 -13.0 -13.3 -12.0 17.59 

70.25 1673.21 -13.1 -13.1 -11.8 17.59 

71.25 1666.43 -16.6 -16.4 -15.0 17.59 

72.25 1660.12 -17.0 -14.2 -12.9 17.59 

73.25 1653.34 -17.4 -16.2 -14.9 17.59 

74.25 1648.01 -15.6 -16.3 -15.0 17.59 

75.25 1641.70 -20.3 -20.9 -19.6 17.59 

76.25 1635.83 -11.7 -14.1 -12.8 17.59 

 

Table E2: Carbonate oxygen isotope composition (18O, 13C) values (‰ VPDB) including 

carbonate-inferred pond water 18O (‰ VSMOW) and pond water temperature used in Equation 

1 to calculate pond water 18O for the SK 26 sediment core.  

Mid point 

depth (cm) 
CRS dates 

13C (‰ 

VPDB) 

18Ocarb (‰ 

VPDB) 

18Opw (‰ 

VSMOW) 

Water 

temperature 

used to 

calculate 

18Opw  

0.25 2022.60 -13.9 -18.4 -17.0 17.87 

1.25 2022.35 -10.7 -17.1 -15.7 17.87 

2.25 2021.95 -10.4 -17.0 -15.7 17.87 

3.25 2020.73 -10.7 -16.8 -15.5 17.87 

4.25 2019.15 -11.1 -15.9 -14.6 17.87 

5.25 2017.49 -13.3 -17.0 -15.7 17.87 

6.25 2015.73 -11.9 -16.6 -15.3 17.87 

7.25 2013.81 -13.1 -15.9 -14.6 17.87 

8.25 2011.66 -13.0 -16.6 -15.3 17.87 

9.25 2009.24 -12.7 -17.2 -15.9 17.87 

10.25 2006.91 -13.9 -17.0 -15.7 17.87 

11.25 2004.61 -14.7 -17.0 -15.6 17.87 

12.25 2001.93 -17.0 -17.7 -16.4 17.87 

13.25 1999.31 -14.6 -17.3 -16.0 17.87 

14.25 1996.35 -18.5 -18.8 -17.5 17.87 

15.25 1993.37 -15.3 -18.6 -17.3 17.87 

16.25 1991.15 -20.6 -20.2 -18.9 17.87 
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17.25 1989.33 -16.5 -16.0 -14.7 17.87 

18.25 1986.23 -16.3 -18.1 -16.8 17.87 

19.25 1982.77 -15.4 -16.1 -14.8 17.87 

20.25 1979.43 -21.8 -20.3 -19.0 17.87 

21.25 1975.79 -24.9 -20.7 -19.4 17.87 

22.25 1973.39 -26.0 -22.5 -21.2 17.87 

23.25 1972.68 -28.5 -22.5 -21.1 17.87 

24.25 1971.88 -26.5 -22.3 -21.0 17.87 

25.25 1970.76 -30.1 -21.7 -20.4 17.87 

26.25 1968.92 -29.4 -21.7 -20.4 17.87 

27.25 1966.40 -30.1 -21.8 -20.5 17.87 

28.25 1965.65 -30.0 -22.4 -21.1 17.87 

29.25 1964.07 -30.1 -21.7 -20.4 17.87 

30.25 1962.45 -30.2 -23.2 -21.9 17.87 

31.25 1960.14 -30.5 -23.1 -21.8 17.87 

32.25 1955.63 -30.2 -22.6 -21.3 17.87 

33.25 1949.06 -30.4 -22.6 -21.3 17.87 

34.25 1944.03 -30.1 -22.9 -21.6 17.87 

35.25 1940.37 -30.1 -22.7 -21.4 17.87 

36.25 1935.12 -28.8 -22.5 -21.1 17.87 

37.25 1925.87 -29.6 -23.1 -21.7 17.87 

38.25 1921.26 -29.7 -23.6 -22.3 17.87 

39.25 1916.89 -29.5 -23.7 -22.4 17.87 

40.25 1912.50 -29.5 -23.9 -22.5 17.87 

41.25 1907.61 -29.8 -23.3 -22.0 17.87 

42.25 1903.04 -29.6 -23.5 -22.2 17.87 

43.25 1898.14 -29.3 -23.3 -22.0 17.87 

44.25 1893.12 -29.7 -23.5 -22.2 17.87 

45.25 1888.33 -29.4 -23.4 -22.1 17.87 

46.25 1883.04 -29.5 -25.0 -23.7 17.87 

47.25 1878.53 -29.6 -24.4 -23.1 17.87 

48.25 1873.61 -29.7 -24.7 -23.4 17.87 

49.25 1868.62 -29.6 -24.2 -22.9 17.87 

50.25 1863.41 -29.2 -24.3 -23.0 17.87 

51.25 1858.06 -29.5 -25.2 -23.9 17.87 

52.25 1852.36 -29.9 -24.6 -23.3 17.87 

53.25 1846.95 -29.5 -24.9 -23.6 17.87 

54.25 1840.77 -29.6 -24.9 -23.6 17.87 

55.25 1834.82 -29.3 -24.1 -22.7 17.87 

56.25 1828.76 -28.7 -24.2 -22.9 17.87 

57.25 1822.16 -29.1 -24.0 -22.7 17.87 

58.25 1815.91 -29.2 -24.5 -23.2 17.87 

59.25 1810.27 -29.3 -23.8 -22.5 17.87 

60.25 1804.30 -29.0 -25.1 -23.8 17.87 

61.25 1798.16 -29.3 -25.0 -23.7 17.87 

62.25 1792.42 -29.3 -25.2 -23.9 17.87 

63.25 1786.74 -29.1 -25.4 -24.1 17.87 

64.25 1780.69 -29.4 -25.2 -23.9 17.87 

65.25 1774.79 -29.4 -25.4 -24.0 17.87 

66.25 1768.98 -29.2 -25.4 -24.1 17.87 

67.25 1762.07 -29.0 -24.7 -23.4 17.87 

68.25 1755.06 -29.0 -24.3 -23.0 17.87 

69.25 1748.47 -28.6 -24.7 -23.4 17.87 

70.25 1741.61 -29.1 -26.2 -24.9 17.87 
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Figure E1: Graphs showing stratigraphic variation of carbonate-inferred pond water 18O (‰ 

VSMOW), carbonate 13C (‰ VPDB), and 226Ra activity (Bq/g) for the sediment core of SK 26. 

Also shown is red dashed line at ~1980 CE to highlight notable shift in data.    

 

Table E3: Carbonate oxygen isotope composition (18O, 13C) values (‰ VPDB) including 

carbonate-inferred pond water 18O (‰ VSMOW) and pond water temperature used in Equation 

1 to calculate pond water 18O for the SK 58 sediment core. 

Mid point 

depth (cm) 
CRS dates 

13C (‰ 

VPDB) 

18Ocarb (‰ 

VPDB) 

18Opw (‰ 

VSMOW) 

Water 

temperatur

e used to 

calculate 

18Opw  

0.25 2022.49 -3.5 -15.7 -14.4 20.09 

1.25 2022.28 -4.2 -18.7 -17.4 20.09 

2.25 2021.18 -3.2 -15.4 -14.1 20.09 

3.25 2018.13 -3.0 -14.0 -12.7 20.09 

4.25 2013.38 -3.2 -13.2 -11.9 20.09 

5.25 2007.77 -3.6 -12.9 -11.5 20.09 

6.25 1999.88 -3.6 -12.8 -11.5 20.09 

7.25 1990.66 -2.7 -13.3 -11.9 20.09 

8.25 1981.53 -3.2 -13.5 -12.2 20.09 

9.25 1973.88 -2.6 -14.3 -13.0 20.09 

10.25 1962.72 -2.5 -13.7 -12.4 20.09 

11.25 1953.59 -3.0 -13.4 -12.1 20.09 

12.25 1942.39 -3.2 -13.4 -12.1 20.09 

13.25 1931.10 -3.1 -13.0 -11.7 20.09 

14.25 1922.35 -3.7 -13.6 -12.2 20.09 

15.25 1908.81 -3.7 -13.5 -12.1 20.09 

16.25 1896.17 -3.4 -13.5 -12.2 20.09 

17.25 1882.45 -3.8 -13.5 -12.1 20.09 
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18.25 1866.26 -3.7 -12.9 -11.6 20.09 

19.25 1852.77 -4.1 -13.0 -11.7 20.09 

20.25 1835.19 -3.7 -13.2 -11.9 20.09 

21.25 1818.52 -3.7 -13.1 -11.8 20.09 

22.25 1807.09 -3.8 -13.4 -12.0 20.09 

23.25 1787.99 -3.7 -12.5 -11.2 20.09 

24.25 1769.25 -4.0 -13.2 -11.9 20.09 

25.25 1748.90 -4.1 -13.1 -11.8 20.09 

26.25 1730.59 -4.5 -13.2 -11.9 20.09 

27.25 1711.98 -4.9 -13.7 -12.4 20.09 

28.25 1692.35 -5.0 -13.2 -11.9 20.09 

29.25 1673.47 -5.0 -13.7 -12.4 20.09 

30.25 1652.27 -3.7 -12.6 -11.2 20.09 

31.25 1633.93 -3.5 -12.6 -11.2 20.09 
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Appendix F – Sediment core organic carbon and nitrogen elemental and isotope 

composition 

 

Table F1: Organic carbon and nitrogen elemental and isotope composition for the sediment core 

from SK 58. 

Depth 

interval 

(cm) 

δ13C 

(VPDB ± 

0.2‰) 

δ15N 

(AIR ± 

0.3‰) 

Total 

Carbon 

(%) 

Total 

Nitrogen 

(%) 

C/N 

0-0.5 -28.65 1.77 34.76 3.77 9.73 

0.5-1.0 -29.47 1.33 40.11 4.15 9.62 

1.0-1.5 -29.55 0.91 41.61 4.26 9.69 

1.5-2.0 -27.87 1.66 45.86 4.93 9.40 

2.0-2.5 -27.27 1.81 47.23 4.94 9.55 

2.5-3.0 -26.80 2.02 48.56 5.00 9.69 

3.0-3.5 -26.81 1.88 48.60 4.96 9.79 

3.5-4.0 -26.71 1.93 46.85 4.86 9.63 

4.0-4.5 -26.95 1.78 47.31 4.62 10.24 

4.5-5.0 -26.78 1.91 50.33 4.91 10.24 

5.0-5.5 -26.76 1.89 48.61 5.20 9.34 

5.5-6.0 -26.98 1.78 44.96 4.51 9.96 

6.0-6.5 -27.00 2.06 49.43 4.19 10.73 

6.5-7.0 -26.17 1.93 49.15 5.20 9.44 

7.0-7.5 -26.69 2.27 50.94 5.43 9.38 

7.5-8.0 -26.60 1.89 50.05 4.94 10.14 

8.0-8.5 -26.37 1.89 50.18 5.09 9.86 

8.5-9.0 -26.51 1.57 50.32 5.12 9.83 

9.0-9.5 -26.22 1.79 49.94 5.06 9.86 

9.5-10.0 -26.52 1.43 49.72 5.01 9.92 

10.0-10.5 -26.47 1.39 50.21 5.11 9.83 

10.5-11.0 -26.27 1.72 49.16 5.01 9.80 

11.0-11.5 -26.62 1.34 51.96 5.25 10.26 

11.5-12.0 -26.76 0.81 52.44 5.32 9.86 

12.0-12.5 -26.78 0.49 51.57 5.22 9.88 

12.5-13.0 -26.84 0.48 51.83 5.19 9.98 

13.0-13.5 -26.90 0.58 50.90 5.05 10.40 

13.5-14.0 -27.07 0.40 50.87 5.12 9.94 

14.0-14.5 -27.34 0.49 52.07 5.27 9.88 

14.5-15.0 -27.08 0.54 51.09 5.22 9.79 

15.0-15.5 -27.21 0.80 52.79 4.94 11.31 

15.5-16.0 -27.57 0.33 51.56 5.31 9.71 

16.0-16.5 -27.22 0.54 50.97 5.14 9.92 

16.5-17.0 -27.01 0.47 52.02 5.08 10.24 

17.0-17.5 -27.33 0.45 51.30 5.22 9.83 

17.5-18.0 -27.10 0.63 51.15 5.19 9.85 

18.0-18.5 -27.39 0.27 51.25 5.22 9.81 

18.5-19.0 -27.62 0.33 51.94 5.32 9.76 

19.0-19.5 -27.24 0.67 51.19 5.10 10.03 

19.5-20.0 -27.02 0.89 51.50 5.08 10.14 

20.0-20.5 -26.88 0.81 50.46 5.11 9.87 

20.5-21.0 -26.94 0.94 51.06 5.03 10.15 

21.0-21.5 -27.02 0.78 49.90 5.13 9.72 

21.5-22.0 -26.73 0.96 50.78 4.97 10.21 

22.0-22.5 -26.96 0.79 51.24 4.96 10.33 

22.5-23.0 -25.62 0.87 50.03 2.99 13.24 

23.0-23.5 -26.92 0.87 48.94 4.80 10.20 
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23.5-24.0 -27.38 0.64 42.28 4.30 9.84 

24.0-24.5 -27.38 0.71 50.47 4.86 10.39 

24.5-25.0 -27.41 0.62 51.32 5.01 10.24 

25.0-25.5 -27.29 0.68 49.67 4.78 10.39 

25.5-26.0 -26.99 0.89 49.76 4.83 10.30 

26.0-26.5 -26.78 0.97 45.38 4.49 10.11 

26.5-27.0 -26.58 0.98 49.79 4.87 10.23 

27.0-27.5 -26.46 1.10 50.57 4.90 10.33 

27.5-28.0 -26.68 1.09 50.54 4.90 10.32 

28.0-28.5 -26.92 1.05 50.35 4.81 10.47 

28.5-29.0 -27.12 0.93 50.62 4.78 10.58 

29.0-29.5 -26.77 0.96 50.50 4.80 10.52 

29.5-30.0 -27.18 0.87 27.43 2.92 9.40 
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Appendix G – Sediment core dominant diatom species enumeration 

 

Table G1: Most dominant diatom (>10%) species expressed as a percentage enumerated for the 

sediment core of SK 31. 

Year 
Mid point 

depth (cm) 

Nitzschia 

amphibia 

Mastogloia 

smithii 

Navicula 

cryptocephala 

Gomphonema 

angustum 

Navicula 

oblonga 

2020 2.75 45.7 14.0 9.3 0.3 3.0 

2007 7.25 38.7 25.9 5.2 3.3 4.9 

1993 11.75 34.0 16.3 16.7 3.0 2.0 

1985 15.25 47.0 19.3 9.3 2.3 1.3 

1962 19.25 31.0 14.7 16.7 3.3 1.3 

1938 23.25 26.6 28.3 8.2 2.0 7.2 

1906 27.75 22.1 19.8 22.8 2.6 3.3 

1882 31.25 21.7 20.0 15.7 5.3 2.7 

1861 35.25 19.3 15.3 12.0 9.6 5.6 

1842 39.25 12.3 20.3 9.6 20.3 7.0 

1823 43.75 11.0 16.2 13.6 11.4 12.3 

1809 47.25 19.2 20.9 14.6 8.3 11.6 

1788 51.25 13.0 31.0 18.0 3.0 14.3 

1764 55.25 9.6 26.6 26.9 1.0 8.6 

1741 59.25 13.0 23.0 26.7 2.0 7.7 

1718 63.25 18.3 46.7 9.0 0.7 5.0 

1692 67.25 16.3 34.7 6.3 1.3 2.7 

1661 71.75 9.0 37.5 12.4 2.7 16.4 

1637 75.75 10.7 33.3 6.7 3.3 13.7 

 

Table G2: Most dominant (>10%) diatom species expressed as a percentage enumerated for the 

sediment core of SK 26. 

Age 
Mid point 

depth (cm) 

Mastogloia 

smithii 

Navicula 

oblonga 

Nitzschia 

amphibia 

Fragilaria 

construens 

var. 

construens 

Fragilaria 

construens 

var. venter 

Fragilaria 

girdle 

view 

2021 2.75 5.3 7.0 5.0 6.0 15.0 55.0 

2014 6.75 4.1 3.8 7.6 12.0 25.1 39.9 

2007 10.25 3.6 5.6 5.6 10.6 7.9 53.8 

2003 11.75 0.7 3.7 5.3 19.0 40.7 21.3 

1997 13.75 2.6 2.3 4.9 23.6 40.3 19.7 

1992 15.75 1.0 2.3 9.3 24.3 34.0 19.7 

1990 16.75 3.3 1.7 6.6 20.9 46.8 14.0 

1987 17.75 1.3 3.0 5.7 21.0 35.7 17.3 

1984 18.75 1.3 3.0 3.3 18.7 23.3 41.7 

1980 20.25 1.6 1.0 4.6 17.7 46.9 19.0 

1974 21.75 0.7 0.7 1.3 6.7 25.0 53.0 

1972 23.75 1.3 2.7 4.3 9.3 22.0 48.3 

1967 26.75 1.3 0.7 1.0 11.0 50.0 25.7 

1959 30.75 1.7 0.7 1.0 10.0 38.9 40.2 
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Table G3: Most dominant (>10%) diatom species expressed as a percentage enumerated for the 

sediment core of SK 58. 

Year 
Mid point 

depth (cm) 

Nitzschia 

amphibia 

Navicula 

oblonga 

Mastogloia 

smithii 

2022 1.25 1.9 0.0 26.9 

2020 2.25 9.2 0.3 9.9 

2011 4.25 8.8 0.7 17.1 

1996 6.25 4.3 2.0 5.6 

1976 8.25 5.9 7.9 9.2 

1958 10.25 8.4 14.1 7.4 

1938 12.25 14.0 16.7 7.7 

1914 14.25 17.4 24.2 11.9 

 

 

 

 

 

 

 

  


