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Abstract
The Hudson Bay Lowland contains subtill organic-bearing 

sediments that were deposited during previous ice-free periods 
in the region. This important sedimentary archive can be used to 
reconstruct the paleoenvironment during these previous nongla-
cial periods. This study analyzes the palynology of subtill sorted 
sediments at four previously unstudied sites in the western Hud-
son Bay Lowland region. The pollen assemblages at all examined 
intervals are dominated by boreal and peatland taxa that are 
largely similar to Holocene pollen assemblages in the Hudson 
Bay Lowland. 

Résumé
Les basses-terres de la baie d’Hudson contiennent des sédi-

ments situés sous le till qui renferment des matières organiques 
et qui ont été déposés dans la région pendant des périodes 
sans glace antérieures. Ces archives sédimentaires importantes 
peuvent servir à reconstruire le paléoenvironnement au cours de 
ces périodes sans glace antérieures. Cette étude analyse la paly-
nologie des sédiments triés situés sous le till dans quatre sites qui 
n’avaient pas été examinés jusque-là, dans la région occidentale 
des basses-terres de la baie d’Hudson. Les assemblages polli-
niques sont, dans tous les intervalles examinés, dominés par des 
taxons boréaux et de tourbière en grande partie similaires aux 
assemblages polliniques de l’Holocène dans les basses-terres de 
la baie d’Hudson.
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Introduction
The stratigraphic record preserved in the Hudson Bay Low-

land, Canada, is of keen interest to Quaternary workers because 
it contains an archive of past glacial and nonglacial events within 
North America. Owing to its location at the geographic center of 
North American ice sheets, if subtill nonglacial sediments in this 
region can be accurately dated, their ages can bracket the tim-
ing of continental glaciations. However, establishing a chronology 
of glacial and interglacial events in the Hudson Bay Lowland has 
proven very challenging. Previous attempts using radiocarbon, 
luminescence and uranium-series methods are subject to large 
errors and uncertainties (Forman et al., 1987; Allard et al., 2012; 
Dalton et al., 2016). Despite these challenges, there are hints that 
multiple nonglacial events are preserved in these stratigraphic 
records, with ice-free intervals dated to 211 ka (Dubé-Loubert 
et al., 2013), 100–125 ka (Allard et al., 2012; Gao et al., 2020) 
and potentially an ice-free interval occurring at ~40 ka (Dalton et 
al., 2019; but disputed by Miller and Andrews, 2019). Owing to 
the highly fragmented nature of this stratigraphic record, paired 
with uncertainties/difficulties in dating the nonglacial sediments, 
there remains a considerable debate on the precise timing of 
these ice-free intervals, which hinders our understanding of past 
glacial and nonglacial events within North America.

A promising avenue for resolving the timing of ice-free 
events in the Hudson Bay Lowland may lie in paleovegetation 
indicators that are preserved in the nonglacial sediments. In 
studies of well-dated Quaternary records from northern Europe, 
paleovegetation (and, by extension, paleoclimate) differed sub-
stantially between interstadial and interglacial times (Helmens et 
al., 2012; Plikk et al., 2016; Sarala et al., 2016). This relationship 
is so well established that shifts in vegetation are routinely used 
to assign interstadial/interglacial status to sites that are other-
wise undated. A similar application would be invaluable toward 
reconciling the challenging stratigraphy records in the Hudson 
Bay Lowland. To that end, numerous paleoecological analyses 
of organic-bearing sediments underlying tills in this region have 
been undertaken over the past ~50 years (Terasmae and Hughes, 
1960; Skinner, 1973; Mott and DiLabio, 1990; Dalton et al., 2017; 
Dalton et al., 2018). Most of these studies examine pollen, which 
is relatively well preserved in the fossil records. In the absence 
of reliable chronology constraints on many of these nonglacial 
intervals, most of the earlier palynological work was focused on 
qualitatively determining whether they represented interstadial 
(presumably colder/drier vegetation) or interglacial conditions. 
More recently, workers have employed quantitative techniques 
to assign paleoclimate variables to the fossil records (Dalton et 
al., 2017; Dalton et al., 2018). However, the spatial coverage of 
these studies is restricted to the eastern Hudson Bay Lowland, 
and there remains a need to extend this quantitative approach 
to a broader coverage of the region. 

In this report, palynological analyses are documented for  
32 pollen samples spanning three subtill sites in Manitoba:  
112-19-613, 115-20-200 and 112-17-505 (Figure 1). We also 
report additional pollen data from a site in westernmost Ontario 

(site 11-PJB-186; Figure 1). A summary of all samples is pro- 
vided in Table 1. For each site, we describe the overall trends/
characteristics of the pollen assemblage and present results 
of quantitative paleoenvironmental reconstructions using the 
modern analogue technique. Our ultimate goal is to determine 
whether sufficient differences in paleovegetation (and thus, 
paleoclimate) exist between different nonglacial intervals. Opti-
cally stimulated luminescence dating of these fossil sites is in 
progress (Gauthier et al., 2021). However, AMS radiocarbon ages 
are available for all sites investigated (Table 2). 

Methods

Field data collection
At each site investigated, colluvium was thoroughly cleared 

to reveal in situ sediments. Sediment grain size, structure and 
the nature of contacts between facies were described. Samples 
for palynological analysis were collected every 10–30 cm from 
subtill organic-bearing sediments where an appropriate sample 
medium was described. A complete description of the Quater-
nary stratigraphy at each site investigated is provided in Appen-
dix 1 to provide a context for the subtill sediment palynology 
analysis.

Loss-on-ignition
Organic matter content was determined (as % dry mass) 

using standard loss-on-ignition methodology (Heiri et al., 2001). 
Known masses of dried samples were combusted at 550°C for 
four hours and the percent mass lost is then equated to the per-
cent organic matter.  

Palynological methods
The 32 sediment samples (subsampled to 1 cm3) were 

processed at the Paleoecology Laboratory at the University of 
Toronto following standard palynological techniques (Faegri and 
Iversen, 1975). This involved the removal of humic acid using 
KOH, digestion of sediment using hydrofluoric acid, acetolysis to 
clean pollen grains, dehydration alcohol, and mixing the resulting 
pollen residue with silicone oil to facilitate mounting the samples 
onto slides. During processing, we also used heavy-liquid floa-
tation (sodium polytungstate) to remove additional sediments 
that remained after digestion in hydrofluoric acid (Zabenskie, 
2006; Campbell et al., 2016). Pollen concentrations for each sam-
ple were estimated by adding a known number of Lycopodium 
spores (Stockmarr, 1971) or ceramic palynospheres (Kitaba and 
Nakagawa, 2017). 

Pollen grains were examined using a compound microscope 
at 400x, with critical identifications under oil immersion at 1000x. 
Identification followed the pollen key of McAndrews et al. (1973), 
along with reference material held at the University of Toronto. 
Effort was made to count at least 150 grains of herb, arboreal 
and shrub species. Raw pollen data are available in Appendix 
2. Only those samples containing >5000 pollen grains/cm3 and 
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Figure 1: Location of sites with subtill nonglacial sediments that were investigated as part of this study (indicated by the red diamonds). 
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<10% broken/unidentified grains were carried forward for statis-
tical analyses. As a result, 14 of 32 samples were not appropriate 
for statistical analysis (but the raw counts are included in Appen-
dix 2). Stratigraphic plots for each site include only those pollen 
groups reaching 1% abundance in at least one sample, and were 
produced using R package ‘rioja’ (Juggins, 2015). Organic content 
was also determined for each sample using standard loss-on-
ignition methods, which involve the combustion of sediment at  
550°C for four hours (Heiri et al., 2001).

Pollen data were used to derive paleoclimate inferences 
using the modern analogue technique (Overpeck et al., 1985). 
This technique compares each fossil sample statistically to a 
modern calibration set of pollen sites (4882 sites spanning North 
America; Whitmore et al., 2005; Dalton et al., 2017). Only those 
sites from the modern-day calibration set that are sufficiently 
similar to the fossil sites (i.e., squared chord distance dissimilar-
ity of <0.25) as appropriate analogues were considered. These 
values can range from 0.0 to 2.0, with 0.0 indicating identi-
cal proportions of species within the samples being compared. 
These criteria are slightly more relaxed than that recommended 
by Overpeck et al. (1985), who suggested only considering ana-
logues when sites have a squared chord distance dissimilarity of 
<0.15. The strict criteria of Overpeck et al. (1985) are largely rele-
vant for Holocene samples and would only have produced paleo-

climate reconstructions at 13 of the 18 pollen intervals in this 
study. Instead, our expanded criteria allowed for reconstruction 
at 16 of the 18 pollen intervals. The benefit of using this expanded 
criteria is additional inference about paleoclimate. However, the 
trade-off is slightly less similarity between the pollen assemblage 
at the fossil site and the calibration set. This is accounted for in 
our relatively generous errors shown for each reconstruction. 
Finally, wetland and aquatic pollen/spore groups were removed 
from consideration in the modern analogue technique because 
they are highly influenced by local conditions and are less indica-
tive of regional climate (they are retained in Appendix 2).

Once analogue sites from the modern-day calibration set 
were determined, the calibration set was examined to determine 
which climate variables could be most reliably reconstructed. 
Four different climate variables were examined: mean annual 
temperature, total annual precipitation, mean summer tempera-
ture (June, July, August) and total precipitation for the summer 
months. Modern-day climate data (annual precipitation, mean 
summer temperature) for the sites are interpolated from gridded 
climate data, available from Natural Resources Canada (2015). As 
described in Dalton et al. (2017), statistical tests of collinearity 
and calculation of the λ1/λ2 ratio (see Ter Braak and Prentice, 
1988; Juggins et al., 2014) suggests that total annual precipita-
tion and mean summer temperature (June, July, August) are the 
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Table 1: Summary of samples processed for pollen, spanning three subtill sites in Manitoba and one site in westernmost Ontario (site 11-PJB-186). 

Site Sampling interval (m depth) Sample medium Are pollen data of sufficient quality for  
paleoclimate reconstruction?

112-19-613  
(lat./long., DD: 56.8540, -92.0541)

2.35–2.40 (PM007) Peat No. >10% broken.

3.10–3.12 (PM012) Grey silt Yes.

3.30–3.32 (PM013) Grey silt Yes.

3.50–3.52 (PM014) Grey silt Yes.

3.70–3.72 (PM015) Grey silt (organic-bearing) Yes.

3.90–3.92 (PM016) Organic-rich horizon No. >10% broken.

4.10–4.12 (PM017) Brown silt No. >10% broken.

4.30–4.32 (PM018) Brown silt Yes.

4.50–4.52 (PM019) Brown silt Yes.

4.70–4.72 (PM020) Diamict No. >10% broken.

4.90–4.92 (PM021) Sandy gravel No. >10% broken.

5.70–5.72 (PM022) Silt Yes.

5.90–5.92 (PM023) Fine sand No. >10% broken.

6.20–6.22 (PM024) Poorly sorted fine sand Yes.

6.47–6.49 (PM025) Organic horizon Yes.

115-20-200  
(lat./long., DD: 56.5372, -95.2946)

0.05–0.07 (PM001) Laminated silt No. Low conc.

0.15–0.17 (PM002) Laminated silt No. Low conc.

0.35–0.37 (PM003) Silt above sand/gravel No. Low conc. and >10% broken.

0.45–0.47 (PM004) Silt between sand beds No. Low conc. and >10% broken.

0.55–0.57 (PM005) Silt between sand beds No. Low conc. and >10% broken.

0.65–0.67 (PM006) Organic-rich silt Yes.

0.75–0.77 (PM007) Organic-rich silt Yes.

0.85–0.87 (PM008) Organic-rich silt Yes.

0.95–0.97 (PM009) Organic-rich silt Yes.

1.05–1.07 (PM010) Organic-rich silt Yes.

1.15–1.17 (PM011) Organic-rich silt Yes.

1.25–1.27 (PM012) Organic-rich silt Yes.

1.35–1.37 (PM013) Organic-rich silt No. >10% broken.

1.45–1.47 (PM014) Organic-rich silt No. >10% broken.

112-17-505  
(lat./long., DD: 55.8680, -91.9630)

0.88–0.9 (PM032) Fine sand No. >10% broken.

1.08–1.1 (PM033) Organic bed in sand Yes.

1.38–1.4 (PM034) Silt Yes.

11-PJB-186  
(lat./long., DD: 56.61, -89.29)

0.05 Organic-rich silt No.

0.10 Organic-rich silt Yes.

0.20 Organic-rich silt No.

0.30 Organic-rich silt No.

0.40 Organic-rich silt Yes.

0.50 Organic-rich silt Yes.

0.55 Organic-rich silt Yes.

0.60 Organic-rich silt No.

0.70 Organic-rich silt Yes.

0.80 Organic-rich silt No.

0.90 Organic-rich silt Yes.

0.95 Organic-rich silt Yes.

1.10 Organic-rich silt No.

1.20 Organic-rich silt No.

1.40 Organic-rich silt No.

Abbreviation: conc., concentration; DD, decimal degrees.
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Table 2: AMS radiocarbon ages for each site investigated. Radiocarbon sample depths for sites in northeastern Manitoba are shown on stratigraphic 
columns in Appendix 1, and in Figure 9 for site 11-PJB-186.

Site ID Lab code Age (14C years BP) Material dated Surrounding material 

112-19-613 UOC-10976 >55 000 Wood Peat

112-19-613 UOC-10978 >55 000 Wood Organic-rich silt

115-20-200 UOC-13391 >50 000 Wood Organic-rich silt

112-17-505 UOC-9641 >56 000 Wood Sandy gravel

11-PJB-186 ISGS A1656 45 700 ±1300 Wood Organic-rich silt

11-PJB-186 ISGS A1995 50 100 ±3300 Wood Organic-rich silt

11-PJB-186 UOC-0587 49 586 ±949 Wood Organic-rich silt and clay

11-PJB-186 UOC-0839  >48 800 Wood Organic-rich silt and clay

Abbreviation: ID, identification.

most reliable for reconstruction. Paleoclimate reconstructions 
were made using the R package ‘analogue’ (Simpson, 2007; 
Simpson and Oksanen, 2014) using the three closest analogues 
and cross-validation (n = 500 bootstrap iterations). 

In addition to the three sites from Manitoba, we also 
include pollen data from 11-PJB-186 in this report. Pollen pro-
cessing and analysis is identical to the 32 samples described 
above. These samples were previously analyzed but have not 
been published. 

Results

Site 112-19-613
A total of 15 sediment samples spanning a variety of peat, 

organic-bearing silt and sands were examined for pollen (Table 
1). Six of the 15 intervals contained a relatively large number 
of broken or otherwise poorly preserved pollen grains and are 
therefore excluded from further analysis. The nine intervals 
where pollen was well preserved (Figure 2) are characterized 
by the highest percentage of Sphagnum spores as well as the 
highest percentage of Salix grains of the four sites in this report. 
The uppermost sample intervals also contain high percentages 
of Cyperaceae (>100%). Together, these data suggest similar-
to-present boreal peatland conditions and local wetland condi-
tions (e.g., Farley-Gill, 1980), with potentially a transition from 
bog (high Sphagnum) to fen (high Cyperaceae) late in the fossil 
record. The relatively high abundance of Salix and Betula sug-
gest occasional vegetation disturbance in the region, potentially 
as the result of riparian conditions. Aquatic indicators (Equise-
tum, Typha and Pediastrum) are occasionally present in the fossil 
interval, which suggest an occasional transition to a local aquatic 
depositional environment. Finally, the organic content of the 
examined intervals ranges from 2–25%, which suggests dramatic 
transitions between organic-bearing and minerogenic deposi-
tional environments. 

Regarding paleoclimate reconstructions and the modern 
analogue technique, squared chord distance dissimilarity analy-
sis suggests ample analogue sites in the modern-day calibration 

set (Figure 3; Table 3). This is particularly true for the lowermost 
sample at this site (interval 6.47), which has 229 suitable ana-
logues. The top three analogues for each interval at this fossil site 
(i.e., those used for the paleoclimate reconstructions) are taken 
from a variety of regions spanning the boreal forest, peatland 
and tundra vegetation regions of North America (Figure 4). The 
largest concentration of analogues sites are from the Canadian 
Prairies and Hudson Bay Lowland, which re-enforces the boreal-
peatland interpretation for this fossil site. 

As detailed in Table 3, quantitative paleoenvironmental 
reconstructions at site 112-19-613 suggest 
i)  mean summer temperature varied from 10.1–14.9°C, as 

compared to present-day 12.2°C; and 
ii)  total annual precipitation was similar to present-day (434 

mm) or wetter (>500 mm) during the examined interval. 
A notable trend in the paleoclimate data is decidedly warmer 
temperatures early in the fossil interval (~14.9°C) that gradually 
shift toward cooler-than-present conditions later in the fossil 
record (~10.1°C). It is possible that the early, relatively stable part 
of the fossil record represents ambient conditions during the ice-
free interval (~14.9°C) and that the gradual transition toward 
cooler conditions in the uppermost examined sediments repre-
sents climate deterioration associated with ice advance.

Site 115-20-200
A total of 14 sediment samples spanning a variety of organic-

bearing silts were examined for pollen (Table 1). Seven of the 14 
intervals contained relatively large numbers of broken or other-
wise poorly preserved pollen grains and are therefore excluded 
from further analysis. The seven intervals where pollen was well 
preserved (Figure 5) are dominated by boreal (Picea, Pinus, Bet-
ula, Salix, Alnus) and herbaceous taxa (notably, <10% Poaceae 
and Asteraceae). Very few wetland indicators are present at this 
site (e.g., largely <10% Cyperaceae and Sphagnum). A notable 
interval is 0.95 m, where Betula pollen grains comprise >80% of 
the assemblage. Overall, this pollen assemblage suggests similar-
to-present conditions during the fossil interval (e.g., Farley-Gill, 
1980). Aquatic indicator Pediastrum was occasionally noted in 
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Figure 3: Results of squared chord distance dissimilarity analysis between fossil pollen from site 112-19-613 and the modern-day calibration dataset 
(4882 sites spanning North America; Whitmore et al., 2005; Dalton et al., 2017). These values can range from 0.0 to 2.0, with 0.0 indicating identical 
proportions of species within the samples being compared. The top analogues are mapped in Figure 4.
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the fossil interval, which suggests an occasional transition to a 
local aquatic depositional environment. Finally, the organic con-
tent of the examined intervals ranges from 2–8%, which suggests 
a high minerogenic component during the fossil interval.

Regarding paleoclimate reconstructions and the modern 
analogue technique, squared chord distance dissimilarity analy-
sis suggests ample analogue sites in the modern-day calibration 
set (Figure 6; Table 3). The top three analogues for each interval 
at this fossil site (i.e., those used for the paleoclimate recon-
structions) are taken from a variety of regions spanning the 
boreal forest, peatland and tundra vegetation regions of North 
America (Figure 4). The largest concentration of analogue sites 
are from the Canadian Prairies and northern Quebec regions, 
which reinforces the boreal-peatland interpretation for this fos-
sil site.

As detailed in Table 3, quantitative paleoenvironmental 
reconstructions at site 115-20-200 suggest 
i) mean summer temperature varied from 9.4–15.2°C, as com-

pared to present-day 12.7°C; and 
ii)  total annual precipitation was similar to present-day (482 

mm) or wetter (up to 920 mm) during the examined interval. 
Overall, paleotemperature data show no appreciable trend 
throughout the examined interval. However, total annual precipi-
tation remained similar or higher than present throughout the 
examined fossil interval, which suggests a wetter precipitation 
regime than is currently in place over the region.

Site 112-17-505
A total of three sediment samples spanning organic-bearing 

silts and sands were examined for pollen (Table 1). One of the 
three intervals contained relatively large numbers of broken 
or otherwise poorly preserved pollen grains and are therefore 
excluded from further analysis. The two remaining intervals 
where pollen was well preserved (Figure 7) suggest typical boreal 
peatland conditions, with dominant arboreal (Picea, Pinus, Salix) 
and wetland (Cyperaceae, Spahgnum) components, and smaller 
components of herbaceous groups (notably, Poaceae and Poly-
podiaceae). These data suggest similar-to-present conditions 
during the fossil interval (e.g., Farley-Gill, 1980). Moreover, 
Polypodiaceae spores suggest a local presence of ferns, which 
implies a relatively shaded local environment with likely wetland 
conditions. Aquatic indicator Pediastrum was throughout the 
fossil interval, which suggests a local aquatic depositional envi-
ronment. Finally, the organic content of the examined intervals 
ranges from 4–6%, which suggests a high minerogenic compo-
nent during the fossil interval.

Regarding paleoclimate reconstructions and the modern 
analogue technique, squared chord distance dissimilarity analy-
sis suggests ample analogue sites in the modern-day calibration 
set (Figure 8; Table 3). The top three analogues for each interval 
at this fossil site (i.e., those used for the paleoclimate reconstruc-
tions) are taken from a variety of regions spanning the boreal 
forest, peatland and tundra vegetation regions of North America 
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Table 3: Results of modern analogue technique paleoclimate reconstructions for the three intertill sites in Manitoba and a site in westernmost 
Ontario (site 11-PJB-186, previously analyzed but unpublished).

Site ID Sampling interval 
(m depth)

Number of modern-day sites with a squared 
chord distance dissimilarity of <0.25

Mean summer temperature,  
June–August (°C; pollen-inferred)

Mean annual precipitation  
(mm; pollen-inferred)

112-19-613

3.10–3.12 3 10.1 539

3.30–3.32 59 14.9 462

3.50–3.52 44 11.9 593

3.70–3.72 82 12.3 513

4.30–4.32 61 12.5 481

4.50–4.52 11 13.5 680

5.70–5.72 11 14.2 440

6.20–6.22 60 14.6 758

6.47–6.49 229 14.7 589

115-20-200

0.65–0.67 106 13.2 484

0.75–0.77 166 12.4 564

0.85–0.87 382 15.2 644

0.95–0.97 29 14.9 736

1.05–1.07 297 9.4 920

1.15–1.17 197 11.7 612

1.25–1.27 137 12.9 673

112-17-505
1.08–1.1 249 13.9 689

1.38–1.4 282 13.4 537

11-PJB-186

0.10 257 9.4 514

0.40 46 14 439

0.50 34 14.2 440

0.55 24 14.1 439

0.70 26 14.4 442

0.90 24 14.3 441

0.95 100 14.5 443

Abbreviation: ID, identification.

(Figure 4). The largest concentration of analogues sites are from 
the Canadian Prairies and northern Quebec regions, which re-
enforces the boreal-peatland interpretation for this fossil site.

As detailed in Table 3, quantitative paleoenvironmental 
reconstructions at site 112-17-505 suggest 
i) mean summer temperature varied from 13.4–13.9°C, as 

compared to present-day 13.4°C; and 
ii)  total annual precipitation was similar to present-day (474 

mm) or wetter (up to 689 mm) during the examined interval. 
It is difficult to ascertain any paleoclimate trends given that only 
two fossil intervals were used for the reconstruction. 

Site 11-PJB-186
A total of 15 sediment samples spanning organic-bearing 

silts were examined for pollen (Table 1). Eight of the 15 inter-
vals contained a relatively large number of broken or otherwise 
poorly preserved pollen grains and are therefore excluded from 
further analysis. The seven remaining intervals where pollen was 

well preserved (Figure 9) are dominated by boreal (Picea, Pinus, 
Betula, Salix, Alnus) and peatland taxa (dominantly Cyperaceae) 
suggesting vegetation was similar to present-day in the region. 
However, a notable difference is the relatively large percentage of 
Poaceae grains (15–30%) and moderate Asteraceae (~5%) which 
suggests regional grassland conditions during the fossil interval 
(e.g., Farley-Gill, 1980). Moreover, abundant Alnus (~60%) in the 
lowermost pollen sample suggests landscape disturbance or veg-
etation instability was captured early in the record. This could be 
related to the onset of forest growth after deglaciation, or ripar-
ian processes.

Regarding paleoclimate reconstructions and the modern 
analogue technique, squared chord distance dissimilarity analy-
sis suggests ample analogue sites in the modern-day calibration 
set (Figure 10; Table 3). The top three analogues for each interval 
at this fossil site (i.e., those used for the paleoclimate reconstruc-
tions) are taken almost exclusively from the Prairies and Hudson 
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Figure 4: Map showing the top three analogues for each pollen interval, grouped by fossil site (indicated by the star).

Bay Lowland of North America (Figure 4), which reinforces the 
boreal-peatland interpretation for this fossil site.

As detailed in Table 3, quantitative paleoenvironmental 
reconstructions at site 11-PJB-186 suggest 
i)  mean summer temperature varied from 9.4–14.5°C, as com-

pared to present-day 11°C; and 
ii)  total annual precipitation was similar to present-day (467 

mm) during the examined interval. 
A notable trend in the paleoclimate data is decidedly warmer 
temperatures throughout the majority of the fossil interval 
(14.5°C) as compared to present-day in the region.

Summary and conclusions
We report pollen data from three fossil sites from the Hud-

son Bay Lowland: three in Manitoba (112-19-613, 115-20-200 
and 112-17-505), and one in western Ontario (11-PJB-186). All 
examined pollen intervals are dominated by boreal and peatland 
taxa that are largely similar to Holocene pollen assemblages in 
the Hudson Bay Lowland (Farley-Gill, 1980; O’Reilly et al., 2014; 
Hargan et al., 2020). All sites contain indicators of wetland depo-
sition, with a transition from bog (high Sphagnum) to fen (high 
Cyperaceae) documented late in the fossil record at site 112-
19-613. The relatively low abundances of Abies and Larix across 
all examined intervals is likely the result of poor preservation 

of these grains in the fossil record (Farley-Gill, 1980) and not a 
reflection of their absence during the fossil interval. Abundances 
of thermophilus pollen taxa (e.g., Acer, Carya, Fraxinus, Juglans, 
Quercus, Tilia) are rare across the fossil sites. Thus, any variations 
in quantitative paleotemperature are largely the result of varying 
abundances of boreal and peatland taxa (e.g., increased Poaceae 
and herbaceous components). Together, these data suggest that 
ice-free intervals in the Hudson Bay Lowland are largely similar to 
the Holocene, regardless of whether they are contemporaneous 
or represent different nonglacial intervals.

Our use of quantitative paleoenvironmental reconstruc-
tions reveals subtle differences in paleoclimate at some sites as 
compared to present-day. For example, at site 112-19-613, there 
were decidedly warmer temperatures early in the fossil interval 
(~14.9°C) that gradually shift toward cooler-than-present con-
ditions later in the fossil record (~10.1°C). Decidedly warmer 
temperatures were also inferred from pollen data at 11-PJB-186 
(warmer than 11°C). 

At this time, the age of these fossil intervals is not well under-
stood. However, once the age of these fossil sites can be estab-
lished (in progress; Gauthier et al., 2021), it may be possible to 
link these subtle changes in paleoenvironment to changes in ice 
sheet configuration (e.g., interstadial vs. interglacial conditions). 
If sufficient differences in paleoclimate exist between different 
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Figure 5: Stratigraphic plot for site 115-20-200, showing pollen data, paleoclimate reconstructions and organic content for each interval. Vertical lines in the paleoclimate reconstruction plots repre-
sent modern-day conditions, which are 12.7°C and 482 mm, respectively (Natural Resources Canada, 2015). Only those pollen groups reaching 1% abundance in at least one sample are shown here. 
Black dots on the pollen diagram represent sampled intervals.  See Appendix 1, Figures 13 and 14 for a description of the Quaternary stratigraphy exposed at site 115-20-200.
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Figure 6: Results of squared chord distance dissimilarity analysis between fossil pollen from site 115-20-200 and the modern-day calibration dataset 
(4882 sites spanning North America; Whitmore et al., 2005; Dalton et al., 2017). These values can range from 0.0 to 2.0, with 0.0 indicating identical 
proportions of species within the samples being compared. The top analogues are mapped in Figure 4. Note that insufficient modern-day analogues 
(less than three) were available for the uppermost two samples at this site.

Figure 7: Stratigraphic plot for site 112-17-505, showing pollen data, paleoclimate reconstructions and organic content for each interval. Vertical lines 
in the paleoclimate reconstruction plots represent modern-day conditions, which are 13.4°C and 474 mm, respectively (Natural Resources Canada, 
2015). Only those pollen groups reaching 1% abundance in at least one sample are shown here. Black dots on the pollen diagram represent sampled 
intervals. See Appendix 1, Figures 15 and 16 for a description of the Quaternary stratigraphy exposed at site 112-17-505.

PM032
[0.88m]
PM033
[1.09m]
PM034
[1.38m]

Mean summer 
temperature 

(oC)

15 17.512.5
Annual 

precipitation 
(mm)

500 1000107.5

Paleoclimate 
reconstructions

Pi
ce
a

Pi
nu
s

Sa
lix

Ab
ies

Po
ac

ea
e

Cy
pe

ra
ce

ae

Sp
ha
gn
um

Po
lyp

od
iac

ea
e

Pe
dia
str
um

arboreal wetland aquaticherb

Abundance (%)

20 40 60 80 20 20 40

Organic content (%)

2 6 10

nonglacial intervals, it may be possible to extend these paleocli-
mate inferences to other sites in the Hudson Bay Lowland that 
are poorly dated but have pollen records.  
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20

0

140

120

100

80

60

40

In
te

rv
al

 (
cm

)

arboreal wetland herb

Pi
ce

a

Pi
nu

s

Be
tu

la
Sa

lix
Al

nu
s

Po
ac

ea
e

Cy
pe

ra
ce

ae

Sp
ha

gn
um

Am
ar

an
tha

ce
ae

Er
ica

ce
ae

As
ter

ac
ea

e

Po
pu

lus

Cu
pr

es
sa

ce
ae

Ra
nu

nc
ula

ce
ae

 

101010 10 10 10 10 10 10 1010 30 30 30 3050 100 20020

Abundance (%)cla
y

sil
t

sa
nd

gr
av

el

15

10

5

0

In
te

rv
al

 (m
)

Mean summer 
temperature 

(oC)

15 17.512.5
Annual 

precipitation 
(mm)

500 1000107.5

Paleoclimate 
reconstructions



12 Manitoba Geological Survey

Figure 10: Results of squared chord distance dissimilarity analysis between fossil pollen from site 11-PJB-186 and the modern-day calibration dataset 
(4882 sites spanning North America; Whitmore et al., 2005; Dalton et al., 2017). These values can range from 0.0 to 2.0, with 0.0 indicating identical 
proportions of species within the samples being compared. Total number of analogues for each fossil interval are detailed in Table 2, and top three 
analogues are mapped in Figure 4.

95 cm

90 cm

70 cm

55 cm

50 cm

40 cm

10 cm

5 cm

Campbell, J.F.E., Fletcher, W.J., Hughes, P.D. and Shuttleworth, E.L. 2016: 
A comparison of pollen extraction methods confirms dense-media 
separation as a reliable method of pollen preparation; Journal of 
Quaternary Science, v. 31, no. 6, p. 631–640, URL <https://doi.
org/10.1002/jqs.2886>.

Dalton, A.S., Finkelstein, S.A., Barnett, P.J. and Forman, S.L. 2016: Con-
straining the Late Pleistocene history of the Laurentide Ice Sheet 
by dating the Missinaibi Formation, Hudson Bay Lowlands, Canada; 
Quaternary Science Reviews, v. 146, p. 288–299, URL <https://doi.
org/10.1016/j.quascirev.2016.06.015>.

Dalton, A.S., Finkelstein, S.A., Barnett, P.J., Väliranta, M. and Forman, S.L. 
2018: Late Pleistocene chronology, palaeoecology and stratigraphy 
at a suite of sites along the Albany River, Hudson Bay Lowlands, Can-
ada; Palaeogeography, Palaeoclimatology, Palaeoecology, v. 492,  
p. 50–63, URL <https://doi.org/10.1016/j.palaeo.2017.12.011>.

Dalton, A.S., Finkelstein, S.A., Forman, S.L., Barnett, P.J., Pico, T. and 
Mitrovica, J.X. 2019: Was the Laurentide Ice Sheet significantly 
reduced during Marine Isotope Stage 3?; Geology, v. 47, no. 2,  
p. 111–114, URL <https://doi.org/10.1130/G45335.1>.

Dalton, A.S., Väliranta, M., Barnett, P.J. and Finkelstein, S.A. 2017: Pol-
len and macrofossil-inferred paleoclimate at the Ridge Site, Hudson 
Bay Lowlands, Canada: evidence for a dry climate and significant 
recession of the Laurentide Ice Sheet during Marine Isotope Stage 
3; Boreas, v. 46, no. 3, p. 388–401, URL <https://doi.org/10.1111/
bor.12218>.

Dubé-Loubert, H., Roy, M., Allard, G., Lamothe, M. and Veillette, J.J. 
2013: Glacial and nonglacial events in the eastern James Bay low-
lands, Canada; Canadian Journal of Earth Sciences, v. 50, no. 4,  
p. 379–396, URL <https://doi.org/10.1139/cjes-2012-0065>.

Faegri, K. and Iversen, J. 1975: Textbook of pollen analysis; Munksgaard, 
Copenhagen, Denmark, 295 p.

Farley-Gill, L.D. 1980: Contemporary pollen spectra in the James Bay 
Lowland, Canada, and comparison with other forest-tundra assem-
blages; Géographie physique et Quaternaire, v. 34, no. 3, p. 321–
334, URL <https://doi.org/10.7202/1000415ar>.

Forman, S.L., Wintle, A.G., Thorleifson, L.H. and Wyatt, P.H. 1987: Ther-
moluminescence properties and age estimates for Quaternary 
raised marine sediments, Hudson Bay Lowland, Canada; Canadian 
Journal of Earth Sciences, v. 24, p. 2405–2411, URL <https://doi.
org/10.1139/e87-226>.

Gao, C., Huot, S., McDonald, A.M., Crabtree, D.C. and Turton, C.L. 2020: 
Subtill nonglacial deposits and their climatic implications for the 
Last Interglacial (MIS 5e), Hudson Bay Lowlands, Canada; Qua-
ternary Science Reviews, v. 248, art. 106590, URL <https://doi.
org/10.1016/j.quascirev.2020.106590>.

Gauthier, M.S., Hodder, T.J., Lian, O.B., Finkelstein, S.A., Dalton, A.S. and 
Paulen, R.C. 2021: Stratigraphic, paleoenvironmental and geochro-
nological investigations of intertill nonglacial deposits in north-
eastern Manitoba (parts of NTS 54B–F, K, L, 64A, H, I); in Report of 
Activities 2021, Manitoba Agriculture and Resource Development, 
Manitoba Geological Survey, p. 71–76, URL <https://www.manitoba. 
ca/iem/geo/field/roa21pdfs/GS2021-8.pdf> [June 2022].

Hargan, K.E., Finkelstein, S.A., Rühland, K.M., Packalen, M.S., Dalton, 
A.S., Paterson, A.M., Keller, W. and Smol, J.P. 2020: Post-glacial lake 
development and paleoclimate in the central Hudson Bay Lowlands 
inferred from sediment records; Journal of Paleolimnology, v. 64,  
p. 25–46, URL <https://doi.org/10.1007/s10933-020-00119-z>.

Heiri, O., Lotter, A.F. and Lemcke, G. 2001: Loss on ignition as a method 
for estimating organic and carbonate content in sediments: repro-
ducibility and comparability of results; Journal of Paleolimnology,  
v. 25, p. 101–110, URL <https://doi.org/10.1023/A:1008119611481>.

https://doi.org/10.1002/jqs.2886
https://doi.org/10.1002/jqs.2886
https://doi.org/10.1016/j.quascirev.2016.06.015
https://doi.org/10.1016/j.quascirev.2016.06.015
https://doi.org/10.1111/bor.12218
https://doi.org/10.1111/bor.12218
https://doi.org/10.1139/e87-226
https://doi.org/10.1139/e87-226
https://doi.org/10.1016/j.quascirev.2020.106590
https://doi.org/10.1016/j.quascirev.2020.106590
https://www.manitoba.ca/iem/geo/field/roa21pdfs/GS2021-8.pdf
https://www.manitoba.ca/iem/geo/field/roa21pdfs/GS2021-8.pdf


13Open File OF2022-1

Helmens, K.F., Väliranta, M., Engels, S. and Shala, S. 2012: Large shifts 
in vegetation and climate during the Early Weichselian (MIS 5d-c) 
inferred from multi-proxy evidence at Sokli (northern Finland); 
Quaternary Science Reviews, v. 41, p. 22–38, URL <https://doi.
org/10.1016/j.quascirev.2012.02.008>.

Juggins, S. 2015: rioja: Analysis of Quaternary Science Data; R pack-
age version 0.9-5, URL <https://cran.r-project.org/package=rioja> 
[June 2022].

Juggins, S., Simpson, G.L. and Telford, R.J. 2014: Taxon selection using 
statistical learning techniques to improve transfer function pre-
diction; The Holocene, v. 25, p. 130–136, URL <https://doi.org/ 
10.1177/0959683614556388>.

Kitaba, I. and Nakagawa, T. 2017: Black ceramic spheres as marker grains 
for microfossil analyses, with improved chemical, physical, and 
optical properties; Quaternary International, v. 455, p. 166–169, 
URL <https://doi.org/10.1016/j.quaint.2017.08.052>.

McAndrews, J.H., Berti, A.A. and Norris, G. 1973: Key to the Quater-
nary pollen and spores of the Great Lakes region; Royal Ontario 
Museum, Toronto, Canada, 74 p., URL <https://doi.org/10.5962/
bhl.title.60762>.

Miller, G.H. and Andrews, J.T. 2019: Hudson Bay was not deglaciated dur-
ing MIS-3; Quaternary Science Reviews, v. 225, art. 105944, URL 
<https://doi.org/10.1016/j.quascirev.2019.105944>.

Mott, R.J. and DiLabio, R.N.W. 1990: Paleoecology of Organic Deposits 
of Probable Last Interglacial Age in Northern Ontario; Géographie 
physique et Quaternaire, v. 44, no. 3, p. 309–318, URL <https://doi.
org/10.7202/032832ar>.

Natural Resources Canada 2015: Obtain climate estimates at your loca-
tions; Natural Resources Canada, URL <http://gmaps.nrcan.gc.ca/
cl_p/climatepoints.php> [February 2016].

O’Reilly, B.C., Finkelstein, S.A. and Bunbury, J. 2014: Pollen-Derived 
Paleovegetation Reconstruction and Long-Term Carbon Accumu-
lation at a Fen Site in the Attawapiskat River Watershed, Hudson 
Bay Lowlands, Canada; Arctic, Antarctic, and Alpine Research, v. 46,  
no. 1, p. 6–18, URL <https://doi.org/10.1657/1938-4246-46.1.6>.

Overpeck, J.T., Webb, T., III and Prentice, I.C. 1985: Quantitative Inter-
pretation of Fossil Pollen Spectra: Dissimilarity Coefficients and the 
Method of Modern Analogs; Quaternary Research, v. 23, p. 87–108, 
URL <https://doi.org/10.1016/0033-5894(85)90074-2>.

Plikk, A., Helmens, K.F., Fernández-Fernández, M., Kylander, M., Löwe-
mark, L., Risberg, J., Salonen, J.S., Väliranta, M. and Weckström, J. 
2016: Development of an Eemian (MIS 5e) Interglacial palaeolake 
at Sokli (N Finland) inferred using multiple proxies; Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology, v. 463, p. 11–26, URL  
<https://doi.org/10.1016/j.palaeo.2016.09.008>.

Sarala, P., Väliranta, M., Eskola, T. and Vaikutiené, G. 2016: First physi-
cal evidence for forested environment in the Arctic during MIS 3; 
PMC4929562; Scientific Reports, v. 6, art. 29054, URL <https://doi.
org/10.1038/srep29054>.

Simpson, G.L. 2007: Analogue Methods in Palaeoecology: Using the ana-
logue Package; Journal of  Statistical Software, v. 22, no. 2, p. 1–29, 
URL <https://doi.org/10.18637/jss.v022.i02>.

Simpson, G.L. and Oksanen, J. 2014: Analogue: Analogue Matching and 
Modern Analogue Technique Transfer Function Models; R package 
version 0.14-0, URL <https://cran.r-project.org/package=analogue> 
[June 2022].

Skinner, R.G. 1973: Quaternary stratigraphy of the Moose River Basin, 
Ontario; Geological Survey of Canada, Bulletin 225, 77 p., URL 
<https://doi.org/10.4095/100702>.

Stockmarr, J. 1971: Tablets with Spores Used in Absolute Pollen Analysis; 
Pollen et Spores, v. 13, p. 615–621.

Ter Braak, C.J.F. and Prentice, I.C. 1988: A Theory of Gradient Analysis; 
Advances in Ecological Research, v. 18, p. 271–317, URL <https://
doi.org/10.1016/S0065-2504(08)60183-X>.

Terasmae, J. and Hughes, O.L. 1960: A palynological and geological 
study of Pleistocene deposits in the James Bay Lowlands, Ontario; 
Geological Survey of Canada, Bulletin 62, 15 p., URL <https://doi.
org/10.4095/100580>.

Whitmore, J., Gajewski, K., Sawada, M., Williams, J.W., Shuman, B., 
Bartlein, P.J., Minckley, T., Viau, A.E., Webb, T., III, Anderson, P. 
and Brubaker, L. 2005: Modern pollen data from North America 
and Greenland for multi-scale paleoenvironmental applications; 
Quaternary Science Reviews, v. 24, no. 16-17, p. 1828–1848, URL  
<https://doi.org/10.1016/j.quascirev.2005.03.005>.

Zabenskie, S. 2006: Post-glacial Climatic Change on Boothia Peninsula, 
Nunavut, Canada; M.Sc thesis, University of Ottawa, Ottawa, 
Ontario, 98 p., URL <https://doi.org/10.20381/ruor-18703>.

https://doi.org/10.1016/j.quascirev.2012.02.008
https://doi.org/10.1016/j.quascirev.2012.02.008
https://doi.org/10.1177/0959683614556388
https://doi.org/10.1177/0959683614556388
https://doi.org/10.5962/bhl.title.60762
https://doi.org/10.5962/bhl.title.60762
https://doi.org/10.7202/032832ar
https://doi.org/10.7202/032832ar
http://gmaps.nrcan.gc.ca/cl_p/climatepoints.php
http://gmaps.nrcan.gc.ca/cl_p/climatepoints.php
https://doi.org/10.1016/0033-5894(85)90074-2
https://doi.org/10.1038/srep29054
https://doi.org/10.1038/srep29054
https://doi.org/10.1016/S0065-2504(08)60183-X
https://doi.org/10.1016/S0065-2504(08)60183-X
https://doi.org/10.4095/100580
https://doi.org/10.4095/100580

	Abstract / Résumé
	Table of Contents
	Introduction
	Methods
	Field data collection
	Loss-on-ignition
	Palynological methods

	Results
	Site 112-19-613
	Site 115-20-200
	Site 112-17-505
	Site 11-PJB-186

	Summary and conclusions
	Acknowledgments
	References
	Tables
	Table 1: Summary of samples processed for pollen, spanning three subtill sites in Manitoba and one site in westernmost Ontario (site 11-PJB-186).
	Table 2: AMS radiocarbon ages for each site investigated.
	Table 3: Results of modern analogue technique paleoclimate reconstructions for the three intertill sites in Manitoba and a site in westernmost Ontario.

	Figures
	Figure 1: Location of sites with subtill nonglacial sediments that were investigated as part of this study.
	Figure 2: Stratigraphic plot for site 112-19-613, showing pollen data, paleoclimate reconstructions and organic content for each interval.
	Figure 3: Results of squared chord distance dissimilarity analysis between fossil pollen from site 112-19-613 and the modern-day calibration dataset.
	Figure 4: Map showing the top three analogues for each pollen interval, grouped by fossil site.
	Figure 5: Stratigraphic plot for site 115-20-200, showing pollen data, paleoclimate reconstructions and organic content for each interval.
	Figure 6: Results of squared chord distance dissimilarity analysis between fossil pollen from site 115-20-200 and the modern-day calibration dataset.
	Figure 7: Stratigraphic plot for site 112-17-505, showing pollen data, paleoclimate reconstructions and organic content for each interval.
	Figure 8: Results of squared chord distance dissimilarity analysis between fossil pollen from site 112-17-505 and the modern-day calibration dataset.
	Figure 9: Stratigraphic plot for site 11-PJB-186, showing pollen data, paleoclimate reconstructions and organic content for each interval.
	Figure 10: Results of squared chord distance dissimilarity analysis between fossil pollen from site 11-PJB-186 and the modern-day calibration dataset.




