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Abstract: Climate, environmental, and hydrological changes are an increasing concern, as they affect both 
ecosystems and human well-being. By studying past changes, we can better understand the current impacts and 
consequences of current transformations and take informed action regarding the future. In this study, we analyzed 
a peat sequence from Tăul Fără Fund (Pădurenii-Țop area – Transylvanian Basin) using abiotic methods 
(lithology, radiocarbon dating, loss on ignition, magnetic susceptibility) and biotic methods (testate amoebae, 
microscopic charcoal particles) to reconstruct the evolution of the peatland and the environmental and 
hydrological changes that occurred over the last millennium. We identified drier periods between AD 1000–1150, 
AD 1400–1650, and AD 1850–1950, and wetter periods between AD 900–1000, AD 1150–1400, AD 1650–
1850, and from AD 1950 to the present. Comparing our results with other studies from Romania, we found that 
they are relatively consistent, with local conditions at Pădurenii-Țop closely matching regional trends. 
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1. INTRODUCTION 
 
Climate, environmental, and hydrological 

changes have become increasingly frequent in recent 
decades, significantly affecting ecosystems and human 
well-being. Most of these changes are the result of 
anthropogenic impact, while a smaller proportion 
results from natural factors (Bindoff et al., 2013). 
Water availability is a rising concern globally. In 
Europe, there is a growing trend of seasonal soil drying 
and an increase in drought events, which pose major 
challenges for agriculture, forestry, infrastructure, and 
natural ecosystems and habitats (Ruosteenoja et al., 
2018). The Southern part of Europe, including 
Romania, is increasingly considered vulnerable to 
various types of droughts (meteorological, 
hydrological, and pedological) (IPCC, 2014). Given 
the high impact of such phenomena on the socio-
economic sector, it is crucial to assess the magnitude 
and severity of future droughts (Ioniță et al., 2016). 

To make such assessments and anticipate the 
consequences of climate and hydrological changes on 

the environment, we must first understand current and 
past phenomena. In Romania, meteorological 
observations have only been recorded over the past 
century. Palaeoclimatic, palaeohydrological, and 
palaeoenvironmental conditions have been 
reconstructed for the Holocene from peat or lake 
sediment sequences and speleothems, using pollen 
(Feurdean, 2005; Geantă et al., 2014; Tanțău et al., 
2014), testate amoebae (Feurdean et al., 2015; 
Diaconu et al., 2016, 2017, 2020; Ruskal et al., 2020), 
and isotopes (Tămaș et al., 2005; Cristea et al., 2014), 
but high-resolution studies for the last 1,000 years – 
when anthropogenic impact has been a constant factor 
– remain relatively scarce (Diaconu et al., 2020; 
Feurdean et al., 2015; Florescu et al., 2017). 

In this study, we investigated a peat sequence 
from Tăul Fără Fund in northwestern Romania using 
abiotic (lithology, radiocarbon dating, loss-on-
ignition (LOI), magnetic susceptibility (MS)) and 
biotic methods (testate amoebae (TA), microcharcoal 
particles (MC)) to reconstruct environmental and 
hydrological conditions over the past millennium. 
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The objectives of this study were to: 
1. analyze the physical properties of the sediments to 
determine the phases of the peatland evolution; 2. 
analyze TA communities, their ecological 
preferences, and reconstruct the water table level; 3. 
identify the relationship between environmental 
conditions, natural processes such as landslides, fire 
and hydrological conditions; 4. determine the 
environmental response to Rapid Climate Change 
(RCC) events in Europe. 

 
2. STUDY AREA 
 
The studied site (Tăul Fără Fund) is located 

near the village of Pădurenii-Țop, northeast of the 
town of Gherla, Cluj County, in the northwestern part 
of the Transylvanian Depression. 

The peatland (47° 04’ 52’’ N, 23° 59’ 21” E; 
420 m asl) (Figure 1) formed by landslides 
(Diaconeasa, 1985; Gârbacea et al., 2015) on an 
overlying basal marly clays and sandstones of 
Badenian age. It has an oval shape and covers an area 
of approximately 1 ha. The peat layer has an average 
thickness of 300 cm (Gârbacea et al., 2015). 

The study site is surrounded by species of Salix 
and its surface is covered with Betula verrucosa, 
Alnus glutinosa, Populus tremulus, species of Carex, 
Eriophorum, Parnasia and Sphagnum (Diaconeasa, 
1985). 
 

3. MATERIALS AND METHODS  
 
3.1. Sampling and chronology 
 
A 335 cm long sequence was collected from 

Tăul Fără Fund with a Russian corer (6 cm diameter, 
60 cm length). The cores were wrapped and 
transported to the laboratory, where they were 
cleaned, described through macroscopic lithological 
examination, and then subsampled. 

The chronology was established by five 14C 
measurements performed at Isotoptech Laboratory, 
Debrecen, Hungary. The radiocarbon ages were 
converted into calendar years BP using the Intcal20 
database (Reimer et al., 2020) and transformed into 
AD (Anno Domini) years. The age-depth model was 
constructed with the smooth-spline method 
implemented by the Clam software (Blaauw, 2010). 

 
3.2. Testate Amoebae 
 
Testate amoebae data were used to reconstruct 

local hydrological conditions. TA are used as 
hydrological indicators because of their high 
sensitivity and immediate response to changes in soil 

moisture or depth to water table levels (DWT) 
(Tolonen, 1992; Mitchell et al., 2008). We 
quantitatively reconstructed DWT levels using the 
transfer function developed by Amesbury et al. 
(2016), to identify wetter and drier periods in the 
peatland's history. 

 

 

Figure 1. The study area and the geomorphological map of 
the region, after Gârbacea et al. (2015). 

 
For the TA analysis, subsamples of 1 cm3 were 

collected at 8-16 cm resolution and prepared 
following the standard protocol (Charman et al., 
2000). The samples were boiled for 10 min, stirred 
and then sieved through a 300-μm mesh. The remains 
were centrifuged at 3000 rpm for 10 minutes and 
afterwards stored in glycerol. Each sample was 
analyzed under a microscope at 400X magnification, 
and a minimum of 150 specimens/sample were 
counted and identified. The testate amoebae zones 
(TAZs) were determined by a classical clustering 
analysis, using PAST software (Hammer et al., 2001). 
The DWT values were quantitatively reconstructed 
using the pan-European TA-based transfer function 
developed by Amesbury et al. (2016). 



109 

3.3. Peat physical properties 
 
The physical properties of the sediments 

(determined through abiotic methods) provide insight 
into the formation and development of the peatland. 

 
3.3.1. Loss on ignition (LOI) 
The LOI method was used to determine the 

organic matter (OM), minerogenic matter (MM) and 
carbonates (CaCO₃) content and dry bulk density 
(DBD) of the samples (Heiri et al., 2001). The 
samples were dried at 105 °C for 12 hours, combusted 
at 550 °C for 4 hours and then at 950 °C for 2 hours, 
with weights recorded before and after each stage. 

The amount of OM corresponds to the 
percentage of material lost after combustion at 550 °C, 
while the CaCO₃ content represents the percentage of 
mass lost after combustion at 950 °C. The amount of 
material remaining after combustion at 550 °C (MM) 
represents the minerogenic sediment transported into 
the depositional basin (Chambers et al., 2010). 

Dry bulk density (BD) was calculated by 
dividing the dry mass of the sample (g) by the volume 
of the fresh sample (cm³) (Chambers et al., 2010). 

 
3.3.2. Magnetic susceptibility 
To determine the variation of ferromagnetic 

minerals along the profile, we measured the magnetic 
susceptibility (MS) at 1 cm resolution using a 
Bartington MS3 system with MS2E sensor. 

MS is expressed in SI units, and due to the very 
low values obtained, they were multiplied by 10,000 
for improved visualization. 

 
3.4. Microcharcoal 
 
To reconstruct the regional fire history, 

(Whitlock & Larsen, 2001), we analyzed the 
microscopic charcoal (MC) remains in the TA 
samples. In order to determine the concentration of 
microcharcoal (particles/cm³), we added Lycopodium 
clavatum (Ly) spores to the samples and counted at 
least 200 elements (sum of Lycopodium and 
microcharcoal) (Finsinger & Tinner, 2006). The 
concentration was calculated using the following 
formula: To obtain a clearer image of fire regime 
changes over time, the MC values were divided by the 
accumulation rate (cm/year) of each sample 
(Finsinger & Tinner, 2006). 

 

MC =
no. of 𝐿𝐿𝐿𝐿 added X no. of MC counted

no. of 𝐿𝐿𝐿𝐿 counted
 

The visualization of the peat physical 
properties (Figure 3), TA assemblages and DWT 

reconstruction (Figure 4) and the numerical data used 
for discussion of the results (Figure 5) was carried out 
using C2 software (Juggins, 2007). 

 
4. RESULTS 
 
4.1. Chronology and Lithology 
 
Five samples were radiocarbon dated to 

establish the chronology of the studied sequence. The 
results obtained (both uncalibrated and calibrated) are 
presented in Table 1. The age-depth model (Figure 2) 
illustrates the accumulation rate (accrate) of peat 
material, which ranges from 0.026 to 0.233 cm/year. 

 

 
Figure 2. Calibrated AMS radiocarbon dates with 

 dating error bars, and the age–depth model for the Tăul 
Fără Fund sequence. Data points used for the construction 

of the age-depth model are marked in blue. 
 

Table 1. Results of the radiocarbon dating. 
No. Depth 

(cm) 
Material Age 14C 

(yr BP) 
Calibrated age 
(cal AD/BC) 

DeA-
15655 

42 Sphagnum 94±15 cal AD 1812 - 
1918 

DeA-
15657 

101 Sphagnum 334±14 cal AD 1487 - 
1635 

DeA-
15658 

164 Sphagnum 1161±16 cal AD 776 - 
949 

DeA-
15659 

218 Sphagnum 1358±16 cal AD 648 - 
674 

DeA-
15624 

332 bulk 4298±31 cal BC 3011 - 
2880 

 
The simplified lithology of the profile is 

presented in Table 2. The base of the 335 cm-long 
profile consists of yellowish clay (335 - 290 cm) and 
clayey peat (290 - 270 cm). The next 150 cm of the 
profile is composed of brown peat with varying 
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degrees of decomposition, humification, and 
moisture content.  

 
Table 2. Simplified lithological description. 
Depth (cm) Description 

0-120 Fibrous peat, low degree of decomposition, 
color ranging from brown to reddish-

brown, high moisture content 
270-120 Decomposed peat, slightly fibrous, brown 

color, lower moisture content 
270-290 Clayey peat, medium moisture content 
290-335 Yellowish clay 

 
The upper part of the profile consists of light 

brown, undecomposed Sphagnum peat. Here, we 
focus only on the last 1,000 years (the upper 190 cm). 

 
4.2. Peat physical properties 
 
Throughout the studied sequence (the upper 

190 cm of the core collected from Tăul Fără Fund), 
the organic matter (OM) content fluctuated between 
51% and 96% (Figure 3). The lowest values were 
recorded at the base of the sequence (between 190 - 
163 cm and 143 - 131 cm), ranging from 51% to 78%. 
Between 163 and 143 cm, the values are slightly 
higher (71 - 85%), and after 131 cm, they begin to 
increase. Between 121 and 61 cm, the values 
consistently remain above 85%. At 59 cm, OM 
content drops abruptly to 61%, but then begins to 
return to previous levels, fluctuating between 76% 
and 90% from 57 to 21 cm. In the uppermost part of 
the profile (18 - 0 cm), OM values fluctuated slightly, 
ranging between 61% and 77%. 

The minerogenic matter (MM) values 
represent the difference between the total sample 
volume (100%) and the OM percentage; thus, the 
lines on the graph are mirrored (Figure 3). 

In the basal part of the profile, dry bulk density 
(DBD) values are directly proportional to MM values 
(Figure 3). Overall, high values are recorded between 
190 and 123 cm, consistently above 0.1 g/cm³. The 
highest values were recorded at 173 cm (0.21 g/cm³) 
and 133 cm (0.19 g/cm³). Between 123 and 14 cm, 
DBD remained below 0.1 g/cm³. Toward the top of 
the sequence, the trend rose again, and in the last 14 
cm, values rise above 0.1 g/cm³. 

CaCO₃ values vary from 0 to 2.2% (Figure 3). 
In the first 30 cm of the sequence (190 - 161 cm), the 
general trend is slightly decreasing, from 1.4% to 
0.7%. Between 161 and 133 cm, the trend reverses 
and becomes increasing, with CaCO₃ percentages 
reaching 2.1 - 2.2%. This is followed by a new decline 
between 133 and 95 cm, where values drop to 0%. In 
the upper part of the profile, values begin to rise 

again, reaching 1.8%. 
Magnetic susceptibility (MS) values fluctuate 

between -0.19 and 0.01 SI x 10,000 throughout the 
studied sequence (Figure 3). The highest values were 
recorded in the first 9 cm (190 - 183 cm), which 
includes the only positive values in the sequence. From 
190 to 106 cm, the general trend is decreasing, with the 
lowest value (-0.19 SI x 10,000) recorded at 106 cm. 
From 106 cm to the top of the profile, the trend 
increases slightly, with minor fluctuations. Between 64 
and 56 cm, the measurements showed large errors and 
were therefore excluded from the results. 

The peat accumulation rate (Figure 3) 
remained relatively constant, with a slightly 
increasing trend: from ~0.12 cm/year at 190 cm to 
0.23 cm/year in the uppermost part (18 - 0 cm).  
 

4.3. Testate Amoebae Assemblages and 
Water Table Reconstruction 

 
We analyzed the testate amoebae (TA) 

assemblages in 26 samples from Tăul Fără Fund and 
identified a total of 29 species (Figure 4). Among these, 
the most frequent species were Cryptodifflugia 
sacculus, Cryptodifflugia oviformis, and Difflugia 
pulex, while Archerella flavum and Assulina muscorum 
were also frequently present. Using cluster analysis and 
species relative abundances in the PAST software 
(Hammer et al., 2001). we identified five testate amoebae 
zones (TAZ). The water table depth (DWT) values in the 
peatland fluctuated between 16 and 26.2 cm. 

TAZ-1 (192 - 150 cm; AD 890 - 1150) 
The most abundant species in this zone is 

Cryptodifflugia oviformis, with a frequency of 42% at 
the beginning, increasing to 64%, then decreasing to 
45%, and rising again to 55%. Other abundant species 
include Cryptodifflugia sacculus (3 - 13%) and 
Difflugia pulex (10 - 31%). Arcella discoides and   
Centropyxis aculeata are present with frequencies up 
to 8%, both showing a decreasing trend. Archerella 
flavum, Centropyxis platystoma, Cyclopyxis 
arcelloides, Difflugia pristis, and Phryganella 
acropodia occur with frequencies up to 7%. During 
this period, DWT values show an increasing trend, 
from 16 to 25.6 cm. 

TAZ-2 (150 - 120 cm; AD 1150 - 1385) 
This zone is marked by a decline in the 

frequency of Cryptodifflugia oviformis (from 55% to 
12%) and Difflugia pulex (from 24% to 4%, then 
increasing again to 26%), and by an increase in 
Cryptodifflugia sacculus (from 13% to 36%, 
followed by a decline to 22%). Other significant 
species include Archerella flavum, which peaks 
abruptly around AD 1300 (up to 14%), as well as 
Centropyxis aerophila, Centropyxis aculeata, 
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Figure 3. Physical properties: organic matter (OM), minerogenic matter (MM), CaCO3, magnetic susceptibility (MS), 

and accumulation rate (cm/yr); microcharcoal frequency (MC) and MC divided by the accumulation rate. 
 

 
Figure 4. Testate amoebae relative abundance, depth to water table (DWT) and testate amoebae zone (TAZ). 

 
Centropyxis platystoma, Cyclopyxis arcelloides, 
Difflugia pristis, Hyalosphenia papilio, Nebela 
tincta, and Trigonopyxis arcula, with frequencies up 
to 10%. The DWT curve shows a generally 
decreasing trend from 25.6 cm to 16 cm. 

TAZ-3 (120 - 44 cm; AD 1385 - 1822) 
In this zone, Cryptodifflugia sacculus (6 - 

30.5%), Cryptodifflugia oviformis (12 - 35.7%), and 
Difflugia pulex (19 - 29%) remain dominant. 

However, Archerella flavum and Assulina muscorum 
also appear with significant frequencies (up to 14%). 
Other species such as Centropyxis platystoma, 
Cyclopyxis arcelloides, Difflugia pristis, Euglypha 
rotunda, Hyalosphenia papilio, Phryganella 
acropodia, and Nebela tincta are present with lower 
but relatively constant values. DWT values show an 
increasing trend in the first part of the zone (from 16 
cm to 24 cm), followed by a decrease to 18 cm, and 
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then a slight upward trend towards the end of the 
zone. 

TAZ-4 (44 - 32 cm; AD 1822 - 1877) 
This is the shortest zone of the sequence from 

Tăul Fără Fund and is characterized by the dominance 
of Difflugia pulex (47 - 52%). Cryptodifflugia 
oviformis has a frequency of 24 - 36%, while 
Cryptodifflugia sacculus shows a sharp decline to just 
2.3%. Other species such as Archerella flavum, 
Difflugia pristis, Difflugia minuta, Hyalosphenia 
papilio, and Nebela tincta occur with frequencies up 
to 3.5%. DWT values show a slight increasing trend, 
rising from 19.4 cm to 23 cm. 

TAZ-5 (32 - 16 cm; AD 1877 - 1955) 
This zone shows a major increase in 

Cryptodifflugia oviformis, which reaches up to 62%, 
then decreases slightly to 53%. Difflugia pulex shows 
a relatively constant increasing trend, reaching 32.5% 
in the final part of the zone (and the sequence). 
Cryptodifflugia sacculus continues its decreasing 
trend, from 21% to 5%. Other present species include 
Archerella flavum, Assulina muscorum, Cyclopyxis 
arcelloides, Difflugia pristis, Phryganella acropodia, 
and Nebela tincta. During this zone, the water table 
depth fluctuates between 21 and 26.2 cm, with the 
highest value of the sequence (26.2 cm) recorded here. 

TAZ-6 (16 - 0 cm; post-1955) 
The final zone is characterized by the 

dominance of Difflugia pulex (45 - 60%). The 
frequency of Cryptodifflugia oviformis fluctuates 
between 17.8% and 42.4%, while Cryptodifflugia 
sacculus remains low (0 - 6%). Difflugia pristis 
shows an increase up to 10%. Other taxa – Archerella 
flavum, Assulina muscorum, Bullinaria indica, 
Centropyxis aculeata, Centropyxis platystoma, 
Clathrulina elegans, Cyclopyxis arcelloides, 
Cyclopyxis eurystoma, Euglypha rotunda, 
Hyalosphenia papilio, Phryganella acropodia, and 
Trigonopyxis arcula – are present in low proportions 
(1 - 4.5%). DWT values show a slightly decreasing 
trend, from 22.3 cm to 19.6 cm. 

 
4.4. Microcharcoal 
 
MC values fluctuated between 3222 and 

191939 particles/sample (Figure 3). In the basal part 
of the sequence (190 - 128 cm), the frequency of 
charcoal fragments increases from 10,927 to 30,609, 
followed by a sharp decrease to 3222. Between 120 
and 40 cm, MC values increase again, reaching up to 
24,928, with a minor drop at 56 cm, where the value 
decreases to 10,666. At 36 cm, MC values decline 
further to 9,666. From this point to the top of the 
sequence, the overall trend is upward, with some 

minor fluctuations, such as 20 cm (7,876) and 12 cm 
(9666). The highest MC value is recorded at the top 
of the sequence (0 cm), reaching 191,939. 

The second MC curve in (Figure 3) was 
obtained by dividing the microscopic charcoal values 
by the peat accumulation rate. Since the accumulation 
rate remained relatively constant throughout the 
profile, the trends of both the MC and 
MC/accumulation rate curves are similar and directly 
proportional. 

 
5. DISCUSSION 
 
5.1. Evolution of the Tăul Fără Fund 

Peatland 
 
Tăul Fără Fund formed as a result of landslides 

(known locally as glimee) in the Pădurenii-Țop area. 
The peatland is not ombrotrophic, but minerotrophic. 
Although it is isolated from permanent or seasonal 
fluvial systems, it still receives minerogenic input and 
is affected by erosional processes caused by runoff 
events (Garbacea et al., 2015). Thus, the minerogenic 
material present in the peatland may have originated 
from eolian transport or surface runoff from the 
surrounding slopes. As a result, the water table level in 
this peatland is not solely controlled by precipitation 
and evapotranspiration – as in ombrotrophic peatlands 
(Charman et al., 2009) – but also by surface water input 
from adjacent slopes. Therefore, DWT in this context 
cannot be treated as a fully quantitative proxy for 
paleohydroclimate. Rather, it should be interpreted as 
a semi-quantitative variable, considering that runoff 
itself typically occurs during wetter periods with 
higher precipitation. Over the last 1000 years, peat 
accumulation has been relatively continuous (Figure 3) 
with no identified hiatuses or significant clay layers. 

 
5.2. Reconstruction of Hydrological 

Fluctuations in the Pădurenii-Țop Area and 
Regional Comparisons 

 
The reconstructed values of DWT, OM/MM, 

CaCO₃, MC, and MS (Figure 5) indicate a series of 
environmental and hydrological changes within the 
peatland. Based on these variations, as well as on 
recognized climatic periods in both Europe and 
Romania, we have identified four major and distinct 
phases in the evolution of the Tăul Fără Fund peatland 
and its surroundings: the Medieval Climate Anomaly 
(MCA), the Transition Period (TP), the Little Ice Age 
(LIA), and the Contemporary Warm Period (CW). 
Additionally, we identified rapid climate change 
events (RCC) that had regional impacts.
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Figure 5. Correlation of the inferred variables from the Tăul Fără Fund sequence: depth to water table (DWT), 

minerogenic matter (MM),  organic matter (OM), CaCO3, microcharcoal frequency (MC), accumulation rate (cm/yr) 
and magnetic susceptibility (MS);  peatland evolution phases: Medieval Climate Anomaly (MCA), the Transition 

Period (TP), the Little Ice Age (LIA), and the Contemporary Warm Period (CW) and identified rapid climate change 
events (RCC): Great Famine in Europe, Year Without Summer. 

 
5.2.1. AD 900 - 1250 (Medieval Climate 

Anomaly – MCA) 
During the first part of this phase, DWT values 

increased from 16.9 to 25.6 cm (Figure 5), indicating 
drier conditions in the peatland. The OM/MM curve 
shows an upward trend, with OM percentages ranging 
from 52% to 60% at the base of the sequence, 
increasing to 85% around AD 1100. This suggests that 
local conditions were favorable for peat accumulation. 
Between AD 900 and 1100, MC values increased, 
reflecting a higher frequency of vegetation fires. These 
fires may have been of anthropogenic or natural origin, 
but in either case, the dry conditions (also indicated by 
TA assemblages) would have facilitated fire activity. 
MS values were also highest during this period, 
pointing to enhanced input of ferromagnetic minerals 

via aeolian transport or surface runoff. 
In the same time interval, a peatland in the 

Rodna Mountains (NW Romania) recorded wetter 
conditions and lower DWT values, but high 
macrocharcoal concentrations (Feurdean et al., 2015). 
Regarding the high MM content, Panait et al. (2019) 
and Longman et al. (2017) also reported increased 
aeolian sediment input at Tăul Muced (Rodna 
Mountains) and Tinovul Mohoș (Eastern Carpathians). 

Between AD 1100 and 1250, DWT values 
gradually decreased to 19 cm (Figure 5), suggesting 
wetter conditions. This decline in DWT was 
accompanied by an increase in minerogenic matter 
and CaCO₃ content, possibly sourced from the nearby 
Badenian sediments (marl and marly clays). MS 
values also decreased. Similar trends in DWT were 
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observed at Tăul Muced (Feurdean et al., 2015), while 
reconstructions from Tinovul Mohoș indicated stable 
but still wet conditions (Diaconu et al., 2020). 

 
5.2.2. AD 1250 - 1400 (Transition Period – TP) 
In the Northern Hemisphere, Mann et al. (2009) 

indicated the end of MCA at roughly AD 1250, and the 
beginning of LIA at around AD 1400. Between these, 
during a phase known as the Transition Period, the 
peatland water table rose by 3.2 cm, as DWT values 
dropped from 19.2 to 16 cm (Figure 5), marking the 
wettest phase of the sequence (around AD 1400). OM 
values increased and reached around 90%. Minerogenic 
input decreased: both MM and CaCO₃ content, as well 
as MS values, declined early in this period. MC 
concentrations were low during this phase, indicating a 
lack of significant fire activity in the area.  

Between AD 1315 and 1322, the Great Famine 
struck Europe, including present-day Romania (Jordan, 
1996). This climatic event was characterized by increased 
precipitation combined with low temperatures, which 
severely affected agriculture. This increased moisture is 
reflected in the DWT trend at Tăul Fără Fund (Figure 5) 
along with a concurrent rise in OM content. 

 
5.2.3. AD 1400 - 1850 (Little Ice Age – LIA) 
In the beginning of the LIA, DWT values 

increased again to 24 cm, indicating a return to drier 
conditions. Afterwards, DWT values show a gentle, 
uninterrupted downward trend from 22 to 18.3 cm 
(Figure 5) indicating increasingly wetter conditions in 
the peatland. In the final 50 years of this interval, DWT 
values began to rise again. 

In the early part of this period (AD  1400 - 
1730), OM values were consistently high (>90%), 
suggesting favorable conditions for plant growth and 
peat accumulation, with minimal external minerogenic 
input. This implies limited aeolian activity and surface 
runoff from adjacent slopes, though the continued 
presence of CaCO₃ indicates that runoff did occur 
occasionally. MC concentrations were low during this 
interval, consistent with the absence of major fires. 

Similar hydrological fluctuations (a wet phase 
followed by drying) were recorded at both Tăul 
Muced (Feurdean et al., 2015) and Tinovul Mohoș 
(Diaconu et al., 2020). At Tăul Muced, MC values 
remained low, as observed at Tăul Fără Fund, while 
in the Eastern Carpathians, Diaconu et al. (2020) 
documented a sharp increase in both microscopic and 
macroscopic charcoal particles. 

Between AD 1730 and 1850, small fluctuations 
appeared in OM, MM, CaCO₃, and MS. Around AD 
1750, OM content dropped significantly (to 61%), 
while MM and CaCO₃ content rose, possibly 
indicating a notable runoff event. Following this event, 

DWT values increased, suggesting a drying phase. MC 
concentrations also rose gradually. 

At Tinovul Mohoș, DWT trends during the LIA 
were similar (Diaconu et al., 2020). However, at Tăul 
Muced, drier conditions characterized the early LIA, 
accompanied by increased fire activity, while wetter 
conditions dominated the latter part (Feurdean et al., 
2015). Minerogenic input via aeolian dust was 
generally low at both sites (Panait et al., 2019; 
Longman et al., 2017). 

Another important climatic event was the Year 
Without a Summer, triggered by the eruption of Mount 
Tambora in 1815, which led to widespread 
temperature and precipitation anomalies across Europe 
(Luterbacher & Pfister, 2015). At Tăul Fără Fund, this 
event corresponds with a rise in DWT (drying), MM, 
CaCO₃, and MS values. 

 
5.2.4. AD 1850 - Present (Contemporary Warm 

Period) 
The final section of the studied sequence 

captures fluctuations in the water table and physical 
properties of the peatland from AD 1850 to the present. 
DWT values generally increased between 1850 and 
1900, indicating drier conditions during this century. 
Subsequently, DWT values declined (from 25.1 to 
19.6 cm), reflecting a shift toward slightly wetter, 
though still dry, conditions. 

Throughout this period, OM values showed a 
general downward trend with some fluctuations, 
while MM and CaCO₃ contents increased. MS values 
also trended slightly upward, pointing to an increase 
in ferromagnetic mineral input. MC concentrations 
show two significant peaks, around AD 1955 and 
2015 suggesting increased fire activity during these 
times that may be correlated with the human activity 
of the surrounding localities. 

Studies based on testate amoebae in the Eastern 
Carpathians and Rodna Mountains have identified 
wetter phases in the early part of this interval, 
followed by drier phases later (Feurdean et al., 2015; 
Diaconu et al., 2020). In the past 200 years, dust 
fluxes in NW Romania have also increased (Panait et 
al., 2019) indicating a change in the factors that 
control dust generation and transport (more arid 
surface conditions or human activity). 

 
6. CONCLUSIONS 
 
Through this study, which is one of the few 

high-resolution multi-proxy reconstructions from 
NW Romania, we reconstructed in detail the 
development of the Tăul Fără Fund peatland by 
analyzing the physical properties of the sequence and 
the hydrological changes inferred from testate 



115 

amoebae assemblages over the past 1000 years.  
We identified phases when the water table was 

low (indicative of drier conditions), specifically during 
the intervals AD 1000 - 1150, AD 1400 - 1650, and AD 
1850 - 1950. Periods of slightly higher water tables, 
reflecting wetter but still relatively dry conditions, were 
recorded between AD 900 - 1000, AD 1150 - 1400, AD 
1650 - 1850, and from AD 1950 to the present. 

We also inferred potential links between water 
table fluctuations, wet/dry periods, and natural 
processes such as landslides, wind-blown sediment 
input, surface runoff, and the subsequent deposition 
of these materials in the peatland. 

Increased frequency or intensity of fire activity 
was recorded during the intervals AD 1000 - 1100, 
AD 1150 - 1350, AD 1850 - 1950, and from AD 2000 
to the present. 

We attempted to correlate our results with other 
paleoenvironmental and paleohydrological studies 
from Romania covering the last millennium. The 
similarities observed suggest that the local 
environmental conditions in the Pădurenii-Țop area 
were largely consistent with regional-scale trends. 

Finally, we examined how the Tăul Fără Fund 
peatland responded to rapid climate change events in 
Europe, such as the Medieval Climate Anomaly 
(MCA), the Transitional Period (TP), the Little Ice 
Age (LIA), the Contemporary Warming (CW), the 
Great Famine and the Year Without a Summer. 
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