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Abstract 44 
Glacial-interglacial variations in CO2 and methane in polar ice cores have been attributed in part 45 

to changes in global wetland extent but the wetland distribution prior to the Last Glacial 46 

Maximum (LGM, 21-18 ka) remains virtually unknown. We present the first study of global 47 

peatland extent and carbon (C) stocks through the last glacial cycle (130 ka - present) using a 48 

newly compiled database of 1063 detailed stratigraphic records of peat deposits buried by 49 

mineral sediments as well as a global peatland model. Quantitative agreement between modeling 50 

and observations shows extensive peat accumulation prior to the LGM in northern latitudes 51 

(>40°N), particularly during warmer periods including the last interglacial (130-116 ka, MIS 5e) 52 

and the last interstadial (57-29 ka, MIS 3). During cooling periods of glacial advance and 53 

permafrost formation, the burial of northern peatlands by glaciers and mineral sediments 54 

decreased active peatland extent, thickness, and modeled C stocks by 70-90% from warmer 55 

times. Tropical peatland extent and C stocks show little temporal variation throughout the study 56 

period. While the increased burial of northern peats was correlated with cooling periods, the 57 

burial of tropical peat was driven by hydrologic changes. These results show that northern 58 

peatlands accumulate significant C stocks during warmer times, indicating their potential for C 59 

sequestration during the warming Anthropocene, while the burial of peats represents a 60 

mechanism for long-term terrestrial C storage in the earth system. 61 

 62 

Significance statement 63 

During the Holocene (11,600 years ago  – present), northern peatlands accumulated significant C 64 

stocks over millennia. However, virtually nothing is known about peatlands that are no longer in 65 

the landscape, including ones formed prior to the Holocene: where were they, when did they 66 

form, why did they disappear? We used records of peatlands buried by mineral sediments for the 67 
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first-ever reconstruction of peat-forming wetlands for the past 130,000 years. Northern peatlands 68 

expanded across high latitudes during warm periods and were buried during periods of glacial 69 

advance in northern latitudes. Thus, peat accumulation and burial represent a key long-term C 70 

storage mechanism in the earth system.  71 

 72 

Introduction 73 

The distribution of carbon stocks during glacial cycles represents a key uncertainty in the long-74 

term global C budget and the global climate system (1, 2). During the last glaciation, ice core 75 

records show low atmospheric CO2 concentrations and a strong increase following deglaciation, 76 

correlating with temperature increases. However, the mechanisms behind these observations are 77 

still unknown; hypotheses include both marine (1) and terrestrial processes (2, 3). At present, 78 

northern peatlands, wetlands with thick (>30-40 cm) organic sediments, contain an estimated 400 79 

- 500 Pg C (4, 5) and tropical peatlands contain an estimated ~105 Pg C (4, 6). These peatlands 80 

have sequestered atmospheric CO2 over millennia because plant productivity exceeds 81 

decomposition, which is slowed by the saturated and anoxic soil conditions found in these 82 

wetlands and leads to the accumulation of undecomposed organic matter (peat). As the largest 83 

natural source of methane (CH4) to the atmosphere (7), tropical and high-latitude wetland 84 

emissions are often invoked to explain variations in atmospheric CH4 concentrations over glacial 85 

cycles (8, 9) and abrupt CH4 increases during periods of rapid climatic change (9, 10).  86 

Beyond CH4 emissions, the role of peatlands in the global C cycle on glacial-interglacial 87 

time scales has not been considered due to a lack of systematic evidence of peatland extent prior 88 

to the last glacial maximum (LGM, 21-18 ka; Fig. 1). Previous studies have explored the timing 89 

and locations of peatland formation (or “peat initiation”) and expansion in northern high latitudes 90 
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during the Holocene (from 11.6 ka to the pre-industrial period) using basal ages, the oldest age of 91 

the deepest sediments found in present-day peatlands. These studies have shown that most 92 

peatlands formed following the LGM (10-14). On the other hand, large coal deposits from times 93 

as old as the Carboniferous period (359 – 299 Ma) and as young as the Miocene (23-5 Ma) 94 

indicate that significant peat accumulated prior to the Holocene. Despite modeling studies 95 

showing the likely importance of a peatland C pool in the global C cycle (15, 16), there is little 96 

evidence of peat prior to the Holocene other than ancient coal deposits.  97 

Here, we identify the spatial and temporal distribution of ancient peatlands preserved by 98 

burial under minerogenic sediments (“buried peat deposits”) and model peatland C stocks for the 99 

past 130,000 years (130 ka) to test the response of peatland C stocks to the highly variable 100 

climate conditions prior to the Holocene. We create a new dataset of buried peat deposits that 101 

includes 1063 profiles globally (Fig. 1), including 37 previously unpublished profiles, by 102 

synthesizing sediment exposures, and soil, lake, and marine cores containing peat sections 103 

(Methods, Data S1). In addition to location, we use several attributes of the buried peat deposits 104 

in our analysis: 1) the timing of active peat accumulation when sites were actively accumulating 105 

peat (determined from sediment dating methods) as opposed to being buried or otherwise 106 

inactive; 2) the number of sites that were actively accumulating peat at the same time (active 107 

buried sites, a count) which is a proxy for peatland extent; 3) the thickness of these buried peat 108 

deposits, which is a proxy for the total C stock of the peat deposits that accumulated during the 109 

period of active deposition (thickness, when reported). We model peatland C stocks from 126 ka 110 

to the preindustrial (1850 CE) using the peatland-enabled CLIMBER2-LPJ model (17), one of 111 

the few global earth system models to simulate dynamic wetland area and peat thickness 112 

(Methods).  113 
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 114 

Results and Discussion  115 

Spatial and temporal distribution of peats in the northern region (>40°N)  116 

There is substantial evidence for widespread northern peatlands from more than 40 sites during 117 

the last interglacial (130 – 116 ka, MIS 5e), when continental ice sheets were largely absent in 118 

the northern hemisphere (Fig. 2d, S1). During a period of cooling during MIS 4 (~71-57 ka BP, 119 

Fig. 2b), northern buried peat records decreased by 75% to the smallest number outside of the 120 

LGM (Fig. 2d, Table 1, Fig. S1). As temperatures increased during the MIS 3 interstadial, the 121 

number of northern buried peat records increased six-fold, particularly between 57 - 45 ka (Fig. 122 

2d, Table 1). Peatland expansion continued between 35 - 29 ka with peat formation in the 123 

northern coastal lowlands of Siberia, Alaska and Beringia, and central North America (Fig. S1).  124 

After 29 ka, the number of active northern peat deposits decreased by >80% (Fig. 2d, 125 

Table 1), coinciding with a cooling trend in Northern Hemisphere temperature (Fig. 2a, 2b), the 126 

expansion of glaciers and ice sheets (Fig. 2a), and the burial of peat by glacial sediments. Even in 127 

non-glaciated regions of Siberia, Alaska, and the Southeastern US, active peatland extent was 128 

greatly reduced (Table 1; Fig. S1) as peats not covered by glacial sediments were buried by 129 

aeolian deposits (27%), coastal sediments (30%), and permafrost-associated processes (16%). 130 

The number of active northern peat deposits reached a minimum during the LGM (Table 1, Fig. 131 

2d) as temperatures reached their minimum (Fig. 2b) and ice extent reached its maximum (Fig. 132 

2a). Eighty percent of the remaining peat records at the LGM were found in present-day coastal 133 

zones, while limited peatland formation also occurred at the southern margin of glaciated regions 134 

(Fig. S1).  135 
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As glacial retreat began after 18 ka, peatlands expanded northward in newly exposed 136 

lowland areas along the southern ice margins of the Laurentide and Scandinavian ice sheets, 137 

forming both now-buried peats and present-day peatlands (Table 2, Fig. 2d, Fig. S2). The rapid 138 

establishment of northern peatlands occurred during the first half of the Holocene (Table 2) as 139 

peat accumulated in the West Siberian Lowlands, Fennoscandia, and Western Canada. The 140 

deposition of now-buried peats also increased significantly following the onset of the Holocene, 141 

but decreased after 5 ka (Table 2, Fig. 2d) as coastal areas flooded (52% of sites) or hydrological 142 

conditions changed (30% of sites). 143 

Modeled northern peatland C stocks agreed well with observations of active peat 144 

accumulation in now-buried peat deposits prior to the LGM (Table 1; =0.77). During MIS 5e, 145 

the maximum modeled active northern peatland C stocks were 340 Pg at 120 ka, corresponding 146 

to the largest number of northern sites with active peat deposition prior to the LGM (Fig. 2d). 147 

During MIS 4, modeled active peatland C stocks decreased to 210 Pg C, corresponding to a 148 

decrease in peatland extent, here evidenced by the number of sites with active peat deposition 149 

(Table 1). During warmer MIS 3, modeled active peatland stocks again increased to 265 Pg C, 150 

corresponding with a significant increase in peatland extent (Table 1). As glaciers expanded 151 

during MIS 2 and into the LGM, modeled active peatland C stocks decreased by 70% from MIS 152 

3 values to a minimum of ~80 Pg C. During this period, active peatland extent decreased 153 

significantly as peats were buried by glacial sediments and other sediment types; observations 154 

show that the remaining peats were shallower (Table 1).  155 

Following the LGM, modeled active peatland C stocks increased slowly prior to the 156 

Holocene, adding ~ 60 Pg C, which correlates well with the slow increase in active peatland 157 

formation observed during this period (Table 2). During the beginning of the Holocene, modeled 158 
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active peatland C stocks increased rapidly, corresponding to the strong increase in observed 159 

peatland initiation (Table 2, Fig. 2e, r = 0.99). A significant number (33%) of present-day 160 

peatlands were formed after 5 ka (Table 2, Fig. 2e) and modeled active peatland C stocks 161 

increased by approximately the same amount (34%) during this period. Modeled active northern 162 

peatland C stocks reached a maximum of 410 Pg C in the pre-industrial period (315 – 590 Pg C; 163 

Table 2), an increase of 330 Pg C since the LGM. 164 

 165 

Spatial and temporal distribution of peats in the tropics (30°N – 30°S) 166 

The first known buried peat deposit from the tropics formed between 164 – 122 ka (18) in New 167 

Guinea, followed by a hiatus with no evidence of tropical peat deposition until 60 ka (Fig. 2f, 168 

Fig. S3). The first evidence of peatland establishment in equatorial and southern Africa dates to 169 

50 – 45 ka (Fig. S3); the majority of sites from that time persist to the present day (Fig. S3, Data 170 

S2). The number of actively accumulating peats in the tropics increased after 45 ka, then 171 

decreased during MIS 2 through the LGM as peats were buried by fluvial and coastal processes 172 

(Table S1, Data S1). However, the formation of new peatlands resulted in little apparent change 173 

in tropical peatland distribution (Fig. S3).  174 

As global temperatures increased after the LGM and into the Bølling-Allerød, the rate of 175 

peatland initiation increased after ~15 ka for both buried and present-day tropical peatlands 176 

(Table 2; Fig. 2g) as peats accumulated on the then-exposed continental shelves in Indonesia and 177 

western Africa (Fig. S4). The number of active tropical peat records decreased and peat initiation 178 

slowed between the Bølling-Allerød and the early Holocene (Fig. 2f, Table 2) as continental 179 

shelves flooded and buried coastal sites in Southeast Asia, including sites in the Strait of 180 

Malacca, Thailand coast, and Java Sea (Fig. S4). As the sea level stabilized (19), the number of 181 
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now-buried tropical peat records in Southeast Asia more than doubled during the mid-Holocene 182 

between 8.2 ka and 5 ka (Fig. 2f, Table 2, Fig. S4) as peatlands expanded across Indonesia and 183 

Malaysia (Fig. 2g, Table 2, Fig. S4). While the areas of active tropical peatland formation shifted 184 

in space and time (Fig. S3, S4), the total modeled active tropical peatland C stocks remained 185 

relatively constant throughout the interglacial at an estimated 145 Pg C (80-215 Pg C; Table S1). 186 

 187 

Factors controlling the distribution of peat in space and time  188 

Peat accumulation occurs when vegetation productivity exceeds decomposition losses and is 189 

facilitated by anoxic conditions due to poor drainage in wetlands. Understanding the drivers of 190 

peat accumulation and loss under a broad range of climatic conditions can ultimately improve 191 

projections of the response of peatland C stocks to future climatic changes (20) through 192 

improved representation of processes controlling peat accumulation. Process-based modeling 193 

approaches have predicted a wide range of outcomes in response to future climate change, from 194 

substantial loss of peat due to drying (21) and permafrost thaw (22) to continued peat 195 

accumulation (23). These data show another possible fate for peat: burial. 196 

Our results show that warm periods with higher precipitation (e.g. MIS 5e, MIS 3 (57 – 197 

29 ka), Holocene) corresponded to a higher occurrence of northern peat deposition and greater 198 

northern peatland C stocks, evidenced by the observed number of sites, observed peat thickness, 199 

and modeled C stocks (Table 1, Figs. 2b, 2d, 2e). Whether increased peat formation during warm 200 

periods was caused by changes in productivity and decomposition rates or other factors such as 201 

increases in area is unclear. A recent analysis suggests that the number of growing degree days is 202 

the key driver of northern peatland formation in ice-free areas during the Holocene (14). 203 

However, higher temperatures also correlate with smaller areal extent of ice sheets and glaciated 204 
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areas (Figs. 2a, 2b), potentially exposing relatively flat, vegetation-free terrain and alleviating a 205 

spatial bottleneck for peatland formation (11). Peat formation on formerly glaciated and ice sheet 206 

areas was responsible for ~30% of the modeled increase in peatland areas between the LGM and 207 

the pre-industrial Holocene (Table S2). Regardless, net peat accumulation will likely continue 208 

with warming as long as disturbances such as wildfire, drainage, or flooding are not significant 209 

(20).  210 

Northern peatland extent and C stocks were smallest during cold, dry periods with 211 

enhanced glaciation (e.g. MIS 4 and 2, or 71 – 57 ka and 29 – 21 ka, respectively; Table 1, Fig. 212 

2, Fig. S1). Colder periods may not have directly resulted in the loss of peat (e.g. to the 213 

atmosphere), but instead favored processes (aeolian, glacial, and glaciofluvial) that resulted in 214 

rapid mineral deposition and subsequent peat burial while limiting new peatland development or 215 

recovery of peat accumulation due to dry or continental conditions (24). While limited 216 

observational evidence of peats during these cold periods does not mean peatlands were absent, 217 

the persistence of peat deposits from older, warmer periods (MIS 3, MIS 5e, Fig. 2d) indicates 218 

this trend of increased peat formation during warmer times and burial during colder periods is 219 

robust.  220 

During warm periods (the Holocene) and in warm locations (the tropics), peat burial was 221 

related to other factors than temperature. Tropical peatland deposition was relatively insensitive 222 

to global temperature fluctuations, as evidenced by their persistent presence on the landscape 223 

after 50 ka during a range of climatic conditions in both data and model results (Fig. 2f, Table 2, 224 

Table S1). Instead, tropical peat formation responded mainly to changing hydrologic conditions. 225 

For example, approximately one-third of the tropical buried peats that formed during the 226 

Holocene were buried as sea level rose (15/46 sites), while others were formed as rising sea level 227 
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altered regional hydrology in coastal regions (14, 19). Hydrological changes were responsible for 228 

the cessation of peat accumulation at approximately one-third of now-buried tropical peatland 229 

sites during the Holocene (14/46 sites) as water tables in lakes and wetlands both rose and fell. 230 

Similar patterns were observed for northern peats after 5 ka, when coastal flooding and changing 231 

hydrology buried >80% of the buried peat sites. Additionally, anthropogenic influence was 232 

important for the burial of tropical peatlands (9/46 sites) and some northern peatlands (2/411 233 

sites) during the Holocene (25). The burial and destruction of peats in Central America, New 234 

Guinea, and Borneo has been attributed to a combination of changes in agricultural practices, 235 

deforestation, and changing environmental conditions (26). In Western and Central Europe, 236 

anthropogenic factors such as changing agricultural practices, deforestation, and subsequent 237 

changes in hydrology and soil erosion led to an increase in floodplain sedimentation and peat 238 

burial (27) in many peat-forming wetlands located in floodplains.  239 

 240 

Implications for the global C budget  241 

While the importance of northern peatland expansion for global C cycles during the 242 

Holocene has been previously recognized (2, 4, 15, 28), these new results show the importance 243 

of both tropical and northern peatlands to the global C cycle during and prior to the Holocene. 244 

The accumulation of 560 Pg C in peatlands globally comprises between 18 and 25% of the total 245 

land C modelled by LPJ for the pre-industrial Holocene and represents a significant C storage 246 

term in the earth system. From LGM to pre-industrial, the global peatland C stock increased by 247 

300 Pg C, in agreement with previous estimates of significant increases in histosol C storage 248 

from LGM to the present (3, 29). The increase in peatland C was substantially larger than the 249 

190 PgC increase in the atmospheric CO2 inventory between LGM and pre-industrial. To balance 250 
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the global C budget for the LGM to pre-industrial, the remainder of the C budget change must 251 

have been supplied by the other C pools, likely the ocean.  252 

Previously, it has been assumed that the loss of peatlands meant increased decomposition 253 

and the release of peatland C to the atmosphere (21, 30) but these data demonstrate otherwise. 254 

With burial by mineral sediments, peat C can be incorporated into long-term storage in soil C 255 

stocks, as evidenced by the age of these deposits (Fig. 1, 2, S1). While decomposition of buried 256 

peat may occur, it may also be limited by factors affecting decomposition rates in deep soils and 257 

sub-glacial sediments: anoxia resulting from slow rates of oxygen diffusion or saturation (31), 258 

limited microbial activity at depth (32), and cold temperatures or permafrost (33), which was 259 

frequently observed in these data (Table S1). Peat accumulation and subsequent burial by 260 

mineral sediments provides a mechanism for the transfer of atmospheric CO2 to a stable 261 

terrestrial C pool, where it can be preserved for millennia or longer despite decreases in active 262 

peatland area and C stocks (Fig. 2, Table 1).  263 

Peatland C accumulation and burial has potential implications for the re-distribution of C 264 

among global reservoirs at glacial/interglacial timescales, which has been a longstanding debate 265 

(1, 2). Proposed mechanisms for CO2 sequestration during the LGM include enhanced CO2 266 

storage in deep oceans (1) or formation of inactive terrestrial C stocks (2), such as C buried by 267 

glacial sediments (34) or permafrost soils (2, 3, 28, 35). Our observational data demonstrate that 268 

peat burial by glacial sediments and other depositional processes was widespread during the 269 

glacial expansion preceding the LGM (Figure 2d, Table 1) and provide an alternative explanation 270 

for the incorporation of significant amounts of organic matter into long-term soil C stocks and 271 

permafrost prior to the LGM (2, 3). Our modeling results can be used to estimate the upper 272 

bounds of peat C burial from the loss of active peatland C stocks between MIS 3 and LGM, 273 
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assuming all peat was buried rather than lost to the atmosphere. These model results show 274 

maximum total global peatland C stocks of 433 PgC and 260 PgC for MIS 3 and LGM, 275 

respectively, a decrease of 170 PgC in active peatland C stocks. The loss of active peat C is 276 

substantially larger than the ~30 PgC decrease in the atmospheric CO2 inventory during this 277 

period. To balance the global C budget for MIS 3 to LGM, the remainder of the C budget change 278 

must to have been taken up by the other C pools, likely the ocean. In the scenario of complete 279 

peat C burial rather than loss to the atmosphere, a buried peat C stock of 170 Pg C requires less 280 

C uptake by the ocean and other pools. However, this buried stock is substantially smaller than 281 

the 700 Pg C increase in inert land carbon at LGM compared to the present hypothesized by 282 

Ciais, et al. (2), thus requiring substantial contributions from other processes. Further field data 283 

and modeling investigations will be required to better constrain the size of both buried peat C 284 

pools and terrestrial C pools during this transitional period. 285 

While previous modeling results suggested that C sequestration in peatlands was a key 286 

process regulating atmospheric CO2 concentrations during past interglacial periods (15), these 287 

new observations of buried peats demonstrate that peatlands have been an important C stock 288 

since the last interglacial (Table 1). In particular, actively forming northern peatlands both 289 

accumulated C and emitted CH4 during warm periods. During colder periods of glacial advance, 290 

the burial of significant northern peat C stocks by mineral sediments and formation of permafrost 291 

would have all but stopped decomposition and CH4 emissions (36), resulting in the long-term 292 

burial of peatland C. The widespread distribution of buried peats and the large magnitude of the 293 

change in peatland C stock throughout the last glacial cycle suggests that peat formation during 294 

warmer times and burial during colder periods has a significant impact on the global carbon 295 

cycle that has not been previously quantified (2).  296 
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 297 

Materials and Methods 298 

Buried peat dataset 299 

 We compiled 1063 records of buried peat layers from peats overlain by minerogenic 300 

sediments described in the published literature and from 37 unpublished profiles (Fig. 1, Data 301 

S1). We identified profiles based on author knowledge, solicitations through existing research 302 

networks, and literature searches on Web of Knowledge and Google Scholar using the terms 303 

“buried peat”, “buried peat deposits”, “histic paleosols”, “organic paleosols”, “interglacial peat”, 304 

“MIS 5 and peat”, “MIS 3 and peat”. We defined peat broadly as organic-rich sediment derived 305 

from wetland or limnic environments deposited in-situ or within the local catchment. We 306 

extracted information on the profile location, depth of the organic-rich sediments, the timing of 307 

deposition (when available), the depositional environment of the organic-rich sediment (alluvial, 308 

limnic, wetland, upland), the type and origin of the overlying sediments, and other site 309 

descriptors. The dataset is publicly available via the PANGAEA data archive 310 

(doi:10.1594/PANGAEA.873066). 311 

Chronological control for the timing of peat formation was available for 930 profiles 312 

(88% of samples) and was based mainly on calibrated radiocarbon dates for 786 profiles younger 313 

than 50 ka (alternative dating was used for 18 profiles). For profiles older than 50 ka, 314 

chronologies were based on tephrochronology (14 profiles), optically or thermally stimulated 315 

luminescence dating (OSL/TL; 6 profiles), stratigraphic position relative to tills and other 316 

sediment types of known depositional age (25 profiles, plus 19 profiles with infinite radiocarbon 317 

dates), pollen (11 profiles), or Uranium-Thorium dating (8 profiles). Multiple dating proxies 318 

were used at 41 profiles. Many of the buried peat sites compiled for this study are 319 
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chronologically constrained by radiocarbon dating, which imposes some important 320 

considerations onto our dataset. Notably, the apparent increase in the number of buried peat sites 321 

after 50 ka (Fig. 2d, 2f) is likely related to the technical limitations of radiocarbon dating because 322 

deposits <50 ka are more readily ‘datable’ than older deposits. Other potential errors in the 323 

chronological control of this study include contamination by modern radiocarbon, ancient 324 

radiocarbon, and/or poor chronological constraints due to having only one date from within the 325 

buried peat section or proximate sediment layers (683 of 930 dated deposits) or lack of suitable 326 

materials for various dating approaches. Ideally, additional dating of buried peat sections would 327 

constrain the duration of peat persistence on the landscape and clarify the timing of peat 328 

development in relation to atmospheric CO2 and CH4 records.  329 

We used peatland basal ages (oldest date from present-day peatlands, indicating the 330 

beginning of peat accumulation) to place the development of the buried peats in the context of 331 

the development of present-day peatlands. The peatland initiation dataset consisted of 3942 basal 332 

ages and was based on a compilation of several existing basal age datasets for northern peatlands 333 

(10, 12, 13, 37), tropical peatlands (4, 19), and 473 additional basal ages from newer literature 334 

not included in previous compilations (Data S2). The peatland initiation dataset is archived and 335 

publically available (doi: 10.1594/PANGAEA.873065). 336 

 All radiocarbon ages were calibrated with IntCal13 (38) and all ages referred to in the 337 

text have been calibrated (cal BP). If errors on the radiocarbon ages were not reported, we 338 

assumed a 10% error. Calibrated dates were rounded to the nearest decade. In order to assess the 339 

uncertainties associated with the core chronologies, we used bootstrap resampling (n=1000) to 340 

develop an uncertainty distribution based on the chronologic uncertainty. For each statistical 341 

replicate, all buried peats samples were assigned ages based on randomly sampled values that 342 
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fell within the maximum and minimum calibrated ages (including 2-sigma age uncertainty) for 343 

each deposit (r command: sample). A similar procedure was used for assessing error in peatland 344 

initiation dates. Calibrated peatland basal ages were assigned an age based on a randomly 345 

sampled value that fell within the 2-sigma range of the calibrated basal peat date; peat was 346 

assumed to occur thereafter. These resampling procedures were repeated 1000 times for each 347 

analysis (northern buried peats, northern peat initiation, tropical buried peats, tropical peatland 348 

initiation); the mean and 95% confidence intervals of the statistical replicates are shown. Profiles 349 

without chronological control (133 of 1063 profiles) remain in the database (Fig. 1) but could not 350 

be used to track peat C persistence over the last glacial cycle (Fig. 2d, 2f). For comparison 351 

between peat records and climate (Fig. 2), we used the harmonized 18O records (39), and the 352 

results of the CLIMBER2 earth system model simulations through the last glacial cycle (40).  353 

We performed a transient model experiment using a climate-carbon cycle model, an 354 

updated version of the peatland-enabled CLIMBER2-LPJ model (17) in order to determine 355 

peatland extent and C stocks through the last glacial cycle because these could not be interpreted 356 

from the observations (Supplemental Information). Briefly, CLIMBER2-LPJ consists of the 357 

dynamic Global Vegetation Model LPJ (41), coupled to the Earth System Model of Intermediate 358 

Complexity CLIMBER2 (42). LPJ is run on a 0.5°x0.5° grid and is coupled to the coarser grid of 359 

CLIMBER2 via climatic anomalies and carbon fluxes (17, 43). Ice sheet areas, as well as sea 360 

level and isostasy, are prescribed from an experiment with an ice-sheet enabled version of the 361 

CLIMBER2 model (44). The global peatland model determines peatland location and extent 362 

from a combination of topography and grid-cell scale water balance using a TOPMODEL 363 

approach as described in Kleinen, Brovkin and Schuldt (17), as opposed to being prescribed, as 364 

in other global model simulations of Holocene peatlands (23). This allows peatland areas to form 365 
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dynamically in response to changing hydrologic conditions. Sea level is dynamic in this model 366 

framework, allowing us to estimate peatland areas on exposed continental shelves. The peatland 367 

model was driven with orbital changes, CO2 concentrations derived from ice-core data, and ice 368 

sheet extent determined using an ice-sheet enabled version of the CLIMBER2 model (44). The 369 

model was initialized with a 5000-year spinup period under early Eemian boundary conditions at 370 

126 ka BP and subsequently run transiently from 126 ka BP until 0 BP. Further details about 371 

model parameterization and evaluation can be found in the Supplemental Information.  372 

 373 
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Figure legends 543 

 544 

Figure 1. Locations of buried peat and present-day peatland sites. Symbols: Buried peat profiles 545 

from the LGM (18 ka) and before (orange circles), post-LGM (yellow circles), and profiles 546 

without chronological control (black crosses), and basal ages from present-day peatlands 547 

(purple). Laurentide and Scandinavian ice sheet extent shown by white area with dashed border 548 

(45), exposed continental shelf areas during the LGM (yellow) based on Etopo DEM + 549 

Bathymetry using a -125m sea level (46). Overlapping crosses and circles indicate multiple 550 

profiles at site, with and without chronological control. 551 

 552 

Figure 2. Climate boundary conditions and peat formation records for northern (>40°N) and 553 

tropical (30°N – 30°S) peatlands for the last 130 ka. Top: Corresponding names for 554 

chronostratigraphic units used in the text including the Holocene (HOL), a) LR04 18O stack 555 

(39); b) simulated mean annual temperature for global land areas (40); c) simulated annual 556 

precipitation for global land areas (40); d) number of active northern peat deposits now buried 557 

(count); e) northern peatland initiation (count); f) number of active peat deposits (now buried) in 558 

tropical regions (count); g) tropical peatland initiation (count).  559 

  560 



 22

 561 

Figure 1.  562 

  563 
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Figure 2.  565 
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Table 1. Summary of northern (>40° N) peatland sites and modeled active C stocks between the 567 

last interglacial (130 ka) and the LGM (18 ka). Active buried sites indicates the total number of 568 

observed sites with active peat accumulation, the median observed peat thickness in the present 569 

day (25th & 75th percentile ranges), and the modeled active peatland C stock (error). The 570 

correlation between active sites and modeled C stocks was =0.77 using Spearman’s rank 571 

correlation. 572 

Period Age 
(ka) 

Active buried 
sites 

(count) 

Thickness  
(cm) 

Modeled active C stock 
(Pg) 

MIS 5e 130-116 45 70 (50-150) 280 (215-405) 
MIS 5a-d 116-71 49 75 (50-140) 260 (200-380) 
MIS 4 71-57 17 90 (40-340) 210 (160-305) 
MIS 3 57 -29 120 100  (40-200) 265 (205-385) 
MIS 2 29-21 23 65  (40-100) 135 (105-195) 
LGM 21-18 11 25 (20-110) 80 (60-115) 
 573 

  574 
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Table 2. Summary of northern and tropical peatland records since the LGM. For both northern 575 

and tropical peat sites, the number of now-buried sites with active peat deposition is given 576 

(Active buried), as well as the cumulative number and percentage of present-day peatland sites 577 

that were established by the period of interest (present-day). Modeled active northern peatland C 578 

stocks are also shown and correlated well with total northern peat sites (active buried + present-579 

day; r= 0.99); active tropical peatland C stocks are shown in Table S1. 580 

  Northern Tropical 
Period Age Active

buried 
Present-day Modeled C stocks Active

buried 
Present-day 

 (ka) (count) (count) (%) (Pg) (count) (count) % 
LGM 21-18  11 6 0.2 80 (60-120) 11 37 20 
Bølling-
Allerød 

14.7 – 12.7 84 209 5.8 110 (85-160) 17 57 30 

Holocene 11.7  41 328 9.1 140 (110-205) 10 65 33 
 8.2 50 1375 38.3 225 (170-325) 5 96 50 
Mid-
Holocene 

5 48 2387 66.6 305 (235-440) 13 146 75 

Present-day 2000 CE 0 3586 100 410* (315-590) 0 197 100 
*Modeled C stocks are from pre-industrial period (0.1 ka). Since the pre-industrial period, 581 

peatland harvesting, drainage, and other land use factors have been observed (25) but are not 582 

modeled. 583 
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