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Abstract—Paleoenvironmenal reconstructions have been made from a multidisciplinary study of a borehole permafrost record on Ku-
rungnakh Island (Lena delta). According to data on palynomorphs and ostracods, the clay silt units from the 10.58 to 13.54 m and 1.58 to 
10.3 m core depth intervals were deposited in the Late Pleistocene (during the Karginian interstadial) and Early–Middle Holocene, respec-
tively. The sediments were studied in terms of moisture contents, grain size distribution, mineralogy, and magnetic susceptibility, and the 
results were compared with published evidence from nearby natural outcrops. Quite a cold oligotrophic lake existed in the area during the 
Karginian period, and the deposition was interrupted by a gap recorded at a core depth of about 11 m. In the Early and Middle Holocene, 
the area was covered with shrub tundra vegetation.
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INTRODUCTION

The Lena Delta is among best documented parts of the 
Russian Arctic. It was a study area of multiple research proj-
ects, including those run jointly by Germany and Russia on 
the Laptev Sea System. The joint projects focused on geoc-
ryological and geological aspects of the delta and its sur-
roundings (Schwamborn et al., 2002; Laptev Sea System, 
2009; Bolshiyanov et al., 2013; etc.), as well as on paleoen-
vironmental reconstructions (Schwamborn et al., 2000; An-
dreev et al., 2002; Shirrmeister et al., 2003; Wetterich et al., 
2005, 2008; etc.). The obtained multidisciplinary results, 
like pieces of a puzzle, provide an idea of the Late Pleisto-
cene–Holocene history of the area. The present study is one 
such piece that extends the knowledge in several aspects: 
land and water vegetation on Kurungnakh Island coeval to 
deposition of the cored sediments; taxonomic diversity of 
ostracods in different periods; deposition environments. 

Permafrost ecosystems are highly sensitive to global 
change (Vasil’chuk, 2007), and microfossil fauna from ref-
erence permafrost sections is a valuable climate proxy that 
has implications for depths and salinity of paleobasins and 
for vegetation in their surroundings. This information can be 
also used to predict the development of the Arctic region in 
the nearest future.
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The reported study is based on core data from a 24.5 m 
deep borehole in a shallow thermokarst depression (alas) 
near Lake Udachnoe, southern Kurungnakh Island, Lena 
Delta (Fig. 1). The borehole was drilled in 2015 by a team 
from the A.A. Trofimuk Institute of Petroleum Geology and 
Geophysics (IPGG, Novosibirsk) to estimate the amount of 
permafrost degradation for the case of an alas. The core was 
documented at the Samoilovskii Research Station; water 
content and mass specific magnetic susceptibility were mea-
sured in the core immediately after recovery, and samples 
were selected for analyses of micropaleontology, grain size 
distribution, and mineralogy. The objectives included ob-
taining climate and environment paleoreconstructions, as 
well as age constraints by correlation of pollen spectra and 
ostracod assemblages with those from reliably dated natural 
outcrops in the vicinity of the drilling site (Wetterich et al., 
2005, 2008; etc.).

PRESENT PHYSIOGRAPHIC CONDITIONS

The Lena Delta is located in the zone of Arctic continen-
tal climate, with a mean annual air temperature of –13 °С 
and monthly means of –32 °C for January and 6.5 °C for 
July, and a mean annual precipitation of 190 mm (Bolshiya-
nov et al., 2013). This is an area of 500–600 m thick con-
tinuous permafrost under a 30–50 cm seasonally thawing 
active layer. 
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Almost the whole delta plain lies in tundra. Most of the 
territory is occupied by wet tundra landscapes dominated by 
sedges and mosses while other landscapes (dry sedge-moss 
and shrub tundra; wet moss-grass tundra; dry and wet shrub 
tundra; dry grass and hummocky tundra) are restricted to 
smaller areas; some local areas are bare (Schneider et al., 
2009).

Extant ostracod assemblages of the East Siberian Arctic 
have been exhaustively studied (Wetterich et al., 2005, 
2008, 2009; etc.), and ostracod communities typical of dif-
ferent water bodies, from rivers to thermokarst lakes were 
distinguished. Their taxonomy consists mainly of Candona 
and Fabaeformiscandona genera of the Candoninae sub-
family, which are common Arctic inhabitants. 

MATERIALS AND METHODS

Core section. The borehole was drilled and cored; the 
core diameter ranged from 136 mm in the upper 7 m to 117 
mm between 7.0 and 22.3 m, and to 98 mm within 22.3–
24.0 m. A 17 m long core was studied.

The section comprises several intervals (Fig. 2): peat on 
the top (0–0.6 m); mainly ice-rich clay silt with large and 
small ice veins and lenses or pore ice, locally with organic 
inclusions, between 0.6–9.5 m; dense frozen massive clay 
silt from 9.5 to 13.0 m; frozen massive medium-grained 
sand from 13.0 to 14.4 m; dense massive clay silt within 
14.4–15.4 m; frozen massive sand at base (15.4–17.0 m). 

Ostracods. Ostracod shells were isolated from 100 g 
specimens (standard size for Cenozoic samples) in order to 

provide commensurate counts. The sediment samples were 
wet sieved through a 0.067 mm mesh screen and then air 
dried. Valves were identified under a Zeiss Stemi 2000 bin-
ocular and photographed using a Zeiss Discovery V12 ste-
reo zoom microscope. The collection is stored at the Labora-
tory of Micropaleontology of IPGG (Novosibirsk).

Palynology. Pollen spectra were studied in 57 samples 
selected from core depths between 0.92 and 16.8 m; satis-
factory numbers of palynomorphs were found in 21 sam-
ples only. The samples were preconditioned following the 
method practiced at the Laboratory of Mesozoic and Ceno-
zoic Paleontology and Stratigraphy (IPGG, Novosibirsk), 
using potassium pyrophosphate to remove clay particles 
and Cd heavy liquid (2.25 g/cm3) to separate the organic 
and mineral components. Pollen and spores were identified 
in temporary and permanent preparation slides under a 
Zeiss Primo Star light microscope and photographed under 
a Zeiss Axioskop 40 light microscope using a Canon Pow-
erShot G10 camera with ×400 and ×630 magnifications. 
The collection is stored at the Laboratory of Mesozoic and 
Cenozoic Paleontology and Stratigraphy (IPGG, Novo-
sibirsk).

The percentages of pollen, as well as spores and nonpol-
len palynomorphs, are based on the sum of tree, shrub, and 
herb-shrub pollen. The contents of different components 
were estimated over at least 200 grains. The diagram was 
plotted using the Tilia/TiliaGraph software (Grimm, 1991). 
The palynomophs were identified using various guides (Bo-
brov et al., 1983; Komarek and Jankovska, 2001; Kupriya-
nova and Aleshina, 1972, 1978; Savel’eva et al., 2013; 
Ukraintseva, 1993; etc.).

Fig. 1. Location map of borehole on Kurungnakh Island.
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Preliminary micropaleonotlogical results were published 
previously (Khazin et al., 2017).

Moisture content. Particle size distribution. Mineral-
ogy. Ninety four core samples of permafrost were analyzed 
for total moisture content and percentages of sand-silt and 
clay size fractions; particle size distribution and mineralogy 
(XRD analysis) were determined in a few samples. 

Moisture content was measured as percentages of vein 
and pore ice, pore and capillary water relative to the sample 
weight, following the State Standard GOST 5160- 2015. 

Seven samples were analyzed in more detail for grain size 
distribution in the sand-silt fraction and for mineralogy in the 
clay fraction (< 10 μm). The clay component was sepa rated 
by decantation, and minerals were identified on a Thermo 
Scientific ARL X’TRA X-ray powder diffractometer. 

Magnetic susceptibility. Volume specific magnetic sus-
ceptibility was measured in frozen samples immediately af-

ter core recovery, using a portable KT-5 kappameter, with a 
working frequency of 10 kHz and a sensitivity of 10–5 SI 
units (10−8 m3/kg). The measurements (72 determinations in 
the 0.5 to 17 m depth interval) were applied to the core side 
surfaces; the data were corrected for surface curvature using 
a coefficient depending on the curvature radius according to 
the instrument specifications (Kappameter…, 1980). 

RESULTS 

Ostracods. Ostracods were found in clay silt (interval 
11.24–12.98 m). Their taxonomy is quite diverse (Fig. 2, 
Plate 1): Limnocytherina sanctipatricii (Brady et Robert-
son), Limnocythere goersbachensis Diebel, L. falcata Dieb-
el, Leucocythere mirabilis Kaufmann, Fabaeformiscandona 
harmsworthi (Scott), F. levanderi (Hirschmann), Ilyocypris 

Fig. 2. Section structure and distribution of ostracods. 1, number of pieces; 2, pollen; 3, ostracods; 4, peat; 5, compact loams; 6, sandstones; 7, 
loams.
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Plate 1. Ostracods from core samples. 1, Limnocythere falcata (right valve), 2, Limnocythere goersbachensis (male, right valve), 3, Leucocythere 
mirabilis (female, right valve); 4, 5, Limnocytherina sanctipatricii (4, female, left valve; 5, male, right valve); 6, Ilyocypris lacustris (right valve); 
7, 8, Fabaeformiscandona levanderi (7, female, left valve; 8, male, left valve); 9, Candona muelleri jakutica (left valve); 10, Candona cf. comb
ibo (right valve); 11, Eucypris dulcifons (female, left valve); 12, Fabaeformiscandona harmsworthi (female, right valve), 13, Tonnacypris glacia
lis (right valve). Scale bar is 0.5 mm.
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lacustris Kaufmann, I. cf. bradyi Sars, Candona muelleri 
jakutica Pietrzeniuk, Candona cf. combibo Livental, Cando
na sp., Candoninae spp. juv., Tonnacypris glacialis (Sars), 
Eucypris dulcifons Diebel et Pietrzeniuk. 

The assemblage consists of predominant Limnocytherina 
sanctipatricii, Ilyocypris lacustris; rather abundant Limno
cythere goersbachensis and Limnocythere falcate; and only 
four species of the Candoninae subfamily, unlike the extant 
counterparts. All identified species are cold sthenothermic 
or oligo-thermophilic taxa, i.e., are unique to or preferring 
cold water environments (Meisch, 2000; Wetterich et al., 
2005, 2009). 

The sediments at 11.78–11.87 m lack ostracod shells but 
contain abundant plant remnants. This gap divides the ostra-
cod record into the upper and lower subunits. In all other 
aspects, the conditions in the basin were stable, judging by 
high taxonomic diversity of ostracods.

Limnocytherina sanctipatricii was ubiquitous in lacus-
trine deposits from the Pleistocene in West Siberia, European 
Russia, Northern Europe, and the USA (Kazmina, 1975; 
Meisch, 2000). It is found in all samples with ostracod fauna 
but reaches especially high numbers (>100) in the upper part. 

Leucocythere mirabilis is common in the upper subunit 
but is less abundant than the coexisting Limnocytherina 
sanctipatricii (Meisch, 2000). Both species live in cold oli-
gotrophic lakes; L. mirabilis prefers deeper water (at least 
12 m) though is present at shallower depths as well. In the 
Russian literature it is called Limnocythere baltica Diebel, 
which is junior synonym of Leucocythere mirabilis 
(Fuhrmann, 2012). Limnocythere baltica was reported from 
middle–upper Quaternary or occasionally from lower Qua-
ternary sediments in West Siberia and in the northern Altai 
region (Kazmina, 1975).

Whole shells of Tonnacypris glacialis were found in two 
samples from the middle core depth interval (11.96–
11.60 m). The southern boundary of its present habitat fol-
lows 65° N, while its presence in the assemblage indicates 
summer temperatures about 6 °C (Griffith et al., 1998).

Finally, Ilyocypris lacustris, another species found in 
abundance all over the core interval, prefers water tempera-
tures about 4 °С (Fuhrmann, 2012).

Sample from the depth 11.6 m contains several valves 
looking like Candona combibo known from middle and up-
per Pleistocene deposits in West Siberia, northern Altai re-
gion, Kazakhstan, and Caucasus. Candona combibo remains 
were also found in the Black Sea Holocene bottom sedi-
ments (Buryndina and Bondar, 2012).

Thus, the ostracod taxonomy prompts the existence of a 
cold oligotrophic lake during the respective deposition pe-
riod. It was originally quite shallow and rapidly became still 
shallower and vegetated, but its depth increased later on. 
The water temperatures were the coldest during the deposi-
tion of the middle part of the second unit with especially 
abundant Ilyocypris lacustris and juvenile Candoninae 
which failed to reach the reproductive stage because of un-
favorable conditions. 

Pollen spectra. Sand and clay silt in the 13.54–16.80 m 
interval lack spores and pollen, except for few conifer grains 
redeposited from pre-Quaternary sediments and small 
amounts of spore and pollen at 14.66 m. The latter pollen 
spectra contain tree and shrub species, mainly Betula sect. 
Nanae, Betula sect. Albae, and Alnus fruticosa-type and few 
grains of conifers (Picea sp., Pinus sylvestris L., Pinus s/g 
Haploxylon), herb-shrub species (Ericaceae, Caryophylla-
ceae, Poaceae), as well as spores of Sphagnum sp., Bryales, 
Polypodiaceae. 

Pollen assemblage 1 from clay silt at 10.58–13.54 m has 
high percentages of herb-shrub pollen and microphytoplank-
ton (Fig. 3, Plate 2). 

The spectra most often contain predominant Artemisia 
sp., Cyperaceae, and Poaceae; moderate amounts of Caryo-
phyllaceae, Asteraceae, Thalictrum sp., Polygonum bistor
tatype, Saxifragaceae, Ranunculaceae, Valeriana sp., Pol
emonium sp., Apiaceae, Papaveraceae, Rubus chamaemorus 
L., etc.; small percentages of trees and shrubs, mainly Betu
la sect. Nanae, Betula sect. Albae, Betula spp., Alnus fruti
cosa-type, Salix sp., Pinus spp., and Picea sp, as well as 
minor amounts of spores: Lycopodium annotinum-type, 
L. clavatum-type, Bryales, Selaginella rupestris (L.) Spring, 
Polypodiaceae, Sphagnum sp., Encalypta sp. 

Microphytoplankton is abundant and belongs to green al-
gae: Pediastrum boryanum (Turpin) Meneghini, Pediastrum 
spp., Botryococcus sp., Spirogyra sp., and Zygnemataceae. 

Assemblage 1 records vegetation of forest-free open 
spaces occupied with steppe and tundra communities. High 
percentages of algae (Pediastrum and Botryococcus) record 
the existence of a clear fresh lake. 

The spectra of clay silt in the 10.30–10.58 m interval 
show minor percentages of Alnus fruticosa-type, Betula 
spp., Betula sect. Nanae, Pinus spp., Ericaceae, Poaceae, 
Cyperaceae, etc.

Pollen assemblage 2 from clay silt in the 1.58–10.30 m 
core interval comprises predominant tree and shrub pollen 
and spores (Fig. 3, Plate 3). 

The tree-shrub species are most often Betula spp. and 
Betula sect. Nanae, minor amounts of Alnus sp., Alnus fruti
cosa-type, and few grains of Salix sp. 

The spores are predominant Sphagnum sp. and minor 
Polypodiaceae, Lycopodium annotinum-type, L. clavatum-
type, Selaginella rupestris, Encalypta sp. 

Herb-shrub vegetation consists mainly of Ericaceae, with 
minor amounts of Apiaceae, Asteraceae, Artemisia sp., Ca-
ryo phyllaceae, Cyperaceae, Thalictrum sp., Poaceae, Ona-
graceae, and Saxifragaceae. 

Nonpollen palynomorphs include Pediastrum boryanum 
(especially abundant at 2.9 m), Pediastrum spp., Zygnema-
taceae, Spirogyra sp., Botryococcus sp., Fungi, Glomus sp.; 
diatoms were found in a sample from 1.58 m.

Judging by these spectra, the territory was covered by 
shrub tundra vegetation during the deposition of the 1.58–
10.30 m interval.
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Plate 2. Palynomorphs predominant in pollen assemblage 1. Scale bar is 10 μm. 1, Pediastrum boryanum; 2, Pediastrum cf. integrum; 3, 4, Pe
diastrum sp.; 5, 6, Botryococcus sp.; 7, Rhizopoda; 8, Fungal spore; 9, Glomus sp.; 10, Mandible; 11, Acritarha (?); 12, Botryococcus cf. ne
glecta; 13, 14, Caryophyllaceae; 15, 16, Rubus chamaemorus; 17, Ericaceae; 18–20, Thalictrum sp., 21, 22, Asteraceae; 23, Cyperaceae; 24, Ra-
nunculaceae; 25, Tricolpate pollen; 26–28, Artemisia sp.; 29, Tricolporate pollen; 30, 31, Encalypta sp.; 32, 33, Selaginella rupestris. 
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Pollen assemblage 3 from clay silt in the core top (0.92–
1.58 m) contains more green moss spores and less Ericaceae 
than below, as well as sphagnum spores and larger amounts 
of nonpollen palynomorphs. The spectra show minor per-

centages of Betula sect. Nanae, Betula sect. Albae, Alnus 
fruticosa-type, but higher percentages of conifers. Herbs 
and shrubs are likewise minor; Ericaceae grains are much 
fewer than in assemblage 2; Caryophyllaceae, Poaceae, Pa-

Plate 3. Palynomorphs predominant in pollen assemblages 2 and 3. Scale bar is 10 μm; for some taxa, scale is shown in images. 1, 4, Betula sp.; 
2, 3, Alnus fruticosa-type; 5, 6, Salix sp.; 7, 8, Pinus s/g Haploxylon; 9, Ericaceae; 10, Onagraceae; 11, 12, Sphagnum sp.; 13–15, Bryophyta; 16, 
Lycopodium annotinum-type; 17, 18, Diatoms; 19, Rhizopoda; 20, Sphagnum.
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paveraceae, Asteraceae, Artemisia sp., Onagraceae, Saxi-
fragaceae, Thalictrum sp. etc. occur as few grains.

Microphytoplankton taxa include Pediastrum boryanum, 
Pediastrum sp., Zygnemataceae, Spirogyra sp., and Botryo
coccus sp. Diatoms are abundant in some samples (Plate 3). 
Nonpollen palynomorphs, such as Fungi, Glomus sp., and 
Pseudoshizaea are more abundant than in assemblage 2. The 
samples also bear mouth parts (mandible) and eggs of inver-
tebrates, and soil mite. Spores comprise predominant Bryo-
phyta, lesser amounts of Sphagnum sp., and minor Lycopo-
diaceae, Polypodiaceae, and Encalypta sp.

The assemblage taxonomy indicates a wet open tundra 
landscape. 

Moisture content. The moisture contents behave in dif-
ferent ways in 17–7 m and 7–0 m intervals: they are stable 
and average about 20% (Fig. 4), mainly at the account of 
pore ice, in samples from the lower unit but are variable in 
the upper unit, increasing gradually upward. Sediments in 
the upper four meters enclose lenses and veins of transpar-
ent ice which produce layered and reticulate cryostructures. 
Locally there are dipping parallel up to 7 mm thick veins of 
transparent ice that crosscut the sediments. The moisture 
content reaches 80% in the uppermost one meter at the ac-
count of vein and pore ice.

Lithology. In terms of sand-silt and clay contents, the 
section likewise comprises two units (Fig. 5, left): sands 
from 17 to 13 m and clay silt above (13.0–0.9 m). The lower 
unit consists of almost pure sand (>98%), with few clay silt 
interbeds at 13 and 15 m. The upper clay silt unit is com-
posed of clay (~50%) and clay-silt (~50%) fractions, but the 
latter predominates at 3.3–4.0 m (about 80%) and 10.4 m 
(84%). 

Particle sizes. The sediments fall into three groups ac-
cording to particle size distribution (Fig. 5, right): lognormal 
distribution from 0.26 to 1.80 m, 100–120 μm (samples 
4–18, 4–10); a more complex distribution corresponding to 
dense clay silt at 6.25, 10.02 and 12.5 m (samples 7–4, 11–8, 
12–2, respectively); lognormal distribution at the section 
base, where ~230 μm pure sand was recovered from 14.1 and 
15.2 m core depths (samples 4–18 and 4–10, respectively). 

Particle sizes, along with clay contents, record different 
deposition environments. The lower unit of homogeneous 
sand was deposited in flowing conditions; heterogeneous 
sediments in the middle result from turbiditic deposition, 
and the section top with high clay contents formed in stable 
water.

Mineralogy. The XRD analysis shows quite uniform 
mineralogy (Table 1). Quartz predominates in the sand-silt 
fraction and reaches about 50% (above 12 m) or more (be-
low 12 m) in clay particles. The percentage of plagioclase is 
20–25% on average. The clay fraction contains also K feld-
spar and muscovite (5–7% each) and 7–10% chlorite be-
tween 0.26 and 6.25 m, but the respecive contents are lower 
in the lower unit (5, 5 and 5–7%). Minor phases include 
amphibole (all along the section), siderite, and illite-smec-
tite (locally). In general, the high percentage of quartz in all 
fractions indicates that the clay component is derived from 
sand-silt material. The poor diversity of minerals and low 
polymicticity may be evidence of repeated erosion and rede-
position of transported sediments.

Magnetic susceptibility. The volume specific magnetic 
susceptibility (κ) of sediments generally increases with 
depth (Fig. 6). It is relatively low (~10–4 SI units) in the up-
per unit from 0.5 to 8.0 m, because percentages of ferromag-
netic minerals (magnetite and hematite) in the heavy frac-
tion are low. Furthermore, the shallow sediments are wet 
and ice-rich (~50% moisture, Fig. 6), while ice is weakly 
diamagnetic with a susceptibility of ~ –10–5 SI units (Lons-
dale, 1949). Magnetic susceptibility increases from 0.5 × 

Fig. 4. Relative percentages of moisture (1) and mineral component (2) 
in the section.
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10–3 to 1.5 × 10–3 SI units between 11 and 17 m, where the 
moisture content remains within 20%. Therefore, the contri-
bution of the ferromagnetic component increases depthward. 
The behavior of magnetic susceptibility differs from the gen-
eral pattern within the 9.7–10.4 m interval: it decreases from 
0.6 × 10–3 to 0.3 × 10–3 SI units with depth but does not show 
any evident correlation with moisture variations.

DISCUSSION

Stratigraphy and paleoenvironment reconstructions. 
Lower unit. Pollen assemblage 1 correlates well with as-

semblages of pollen zones PZ 1 and PZ 2 revealed in the 

natural outcrop on Kurungnakh Island (Wetterich et al., 
2008), with their pollen spectra containing abundant herbs 
(Poaceae, Cyperaceae, Artemisia, Caryophyllaceae and low-
er percentages of Asteraceae, Thalictrum and Cruciferae) 
and microphytoplankton species Pediastrum and Botryococ
cus. The sediments that contain the PZ 1 and PZ 2 assem-
blages have AMS 14C ages between 45,500 and 32,000 years 
BP and belong to the Karginian stage of the regional stratig-
raphy (Volkova and Borisova, 2010). At the time of deposi-
tion, plant communities of open steppe and tundra grew in 
the territory, while the presence of green algae records sta-
ble aquatic conditions (Wetterich et al., 2008). A similar en-
vironment was reconstructed for the Karginian interstadial 

Fig. 5. Sand-silt (1) and clay (2) fractions (left) and particle sizes (%) of sand-silt fraction (right).
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in the Bykovsky Peninsula (Andreev et al., 2002). Thus, 
pollen assemblage 1 presumably represents Karginian time.

The ostracod assemblage is similar to assemblage 2 from 
a natural outcrop at the Mamontovy Khayata locality in tax-
onomy and taxa percentages (Wetterich at al., 2005). The 
age of the respective 8.8–22.0 m depth interval is bracketed 
between 48,000 and 34,000 years BP. Correspondingly, the 
Kurungnakh cored sediments from the interval 11.24–
12.98 m were deposited in the latest Late Pleistocene, dur-
ing the Karginian interstadial. 

These inferences based on ostracod and pollen evidence 
are supported by magnetic susceptibility data. The general 
pattern of depth-dependent κ variations is consistent with 
the results reported by Wetterich et al. (2008): stable low κ 
values in the upper unit (0–20 m according to Wetterich et 
al. (2008) and 0.5–7.0 m in this study) and gradual κ in-
crease below (20–30 m in (Wetterich et al., 2008) and 11–
17 m in this study). Wetterich et al. (2008) explain the dep-
thward magnetic susceptibility increase in the ice complex 
by changes in the sediment source and in the transport dis-
tance. Denser particles with ferromagnetic minerals are 
transported to shorter distances than light-weight particles, 
and the concentration of ferromagnetics decreases as parti-
cles travel longer distances during erosion. It is difficult to 
quantitatively correlate our data with the results of Wetter-
ich et al. (2008), because they studied dry material while we 
analyzed permafrost samples. Furthermore, we discuss the 
ice complex deposits that were strongly altered upon thaw-
ing. Note additionally that monotonic κ decrease from 0.6 × 
10–3 to 0.3 × 10–3 SI units in the 9.7–10.6 m interval may 
result from aeration-related formation of strongly magnetic 
minerals (Babanin and Khudyakov, 1972; Kosnyreva, 2007) 
and record a long deposition gap with soil formation.

All above data indicate that a cold oligotrophic lake sur-
rounded by forestless open spaces of tundra and steppe ex-
isted in the area in Karginian time. 

The layer free from ostracods but containing abundant 
plant remnants may be evidence of lake shoaling and vege-
tation. This inference agrees with pollen data: higher per-
centages of nonpollen palynomorphs like conidiospores of 
Glomus and other Fungi spores (including Multicellate-
type), as well as remnants of eggs and mouth parts of inver-

tebrates. Such taxa are commonly found in surface soil 
samples and are evidence of erosion. A deposition gap is 
likewise inferred from κ behavior typical of soil formation 
processes. 

Upper unit. Pollen assemblage 2 found in clay silt within 
the 1.58–10.3 m core depth interval correlates with the as-
semblage of zone PZ 4 from exposed Quaternary deposits 
on Kurungnakh Island (Wetterich et al., 2008). Greater per-
centages of Alnus fruticosa-type, Betula sect. Nanae, B. 
sect. Albae and Ericales in the pollen spectra of PZ 4 were 
attributed (Wetterich et al., 2008) to Early Holocene climate 

Table 1. Mineralogy according to XRD analysis of clay fraction (<0.001 mm)

Sample (core 
depth, m)

Quartz Plagioclase Chlorite Dioctahedral mica 
(muscovite type) K feldspar

Amphibole Siderite Illite-smectite
%

4–18 (0.26) ~50 20–25 7–10 5–7 5–7 Traces – –
4–10 (1.8) ~50 20–25 7–10 5–7 5–7 Traces Traces Minor amount
7–4 (6.25) ~50 20–25 10 5–7 5–7 Traces Minor amount Minor amount
11–8 (10.02) ~50 30–35 5–7 5 5 Minor amount – Traces

12–2 (12.5) 50–60 20–25 5–7 5 5 Traces – –
14–6 (14.1) 50–65 15–20 5 5 5 Minor amount Traces –
17–19 (15.2) 50–60 ~25 5–7 5 5 3–5 – –

Fig. 6. Variations of magnetic susceptibility (κ).
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amelioration. The same inference was suggested for pollen 
spectra from the Bykovsky Peninsula (Andreev et al., 2002). 
More favorable Early Holocene climate conditions are con-
sistent with the presence of birch and larch trunks and their 
ages in the Lena Delta head, in the Bykovsky Peninsula, and 
on the Van’kina Bay coast (Bolshiyanov et al., 2013). 
Therefore, the forest line 8.9–8.6 kyr BP shifted toward the 
delta and into the adjacent areas; the forest of that time con-
sisted of both larch and birch and formed during the Holo-
cene climate optimum at 8900–8000 years BP.

The sediments with pollen of PZ 4 have AMS 14C ages of 
8.0 and 5.9 kyr BP (Wetterich et al., 2008). Thus, pollen as-
semblage 2 in the core section may belong to the early-mid-
dle Holocene. 

The magnetic susceptibility and water content values in 
this unit vary in large ranges, which may evidence of un-
stable deposition conditions.

Pollen data show diverse plant communities (green moss, 
diatoms, Fungi spores, etc.) different from those in the sedi-
ments below, likely as a result of periodic water level changes. 

CONCLUSIONS

According to the reported multidisciplinary data, the 
lower section part (17–10 m) was deposited during the Kar-
ginian interstadial in the latest Late Pleistocene, while the 
upper unit formed in the middle Holocene. At that time, a 
cold oligotrophic lake existed within the territory and was 
surrounded by open tundra and steppe landscapes. Vegeta-
tion in the early and middle Holocene mostly consisted of 
tundra shrub communities.

The deposition was interrupted by a gap, which is sup-
ported by paleontological and geophysical data. 

The work was carried out as part of the basic program 
Interdisciplinary Integrate Research, project Comprehensive 
Characterization of Permafrost from Remote Sensing, Geo-
logical, Geophysicsl, Geobotanical, and Soil Studies, Re-
search Station Samoilovskii run by the Siberian Branch of 
the Russian Academy of Sciences. 
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