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Abstract. Postglacial land uplift is a complex process related to the continental ice retreat that took place about 10,000 years
ago and thus started the viscoelastic response of the Earth’s crust to rebound back to it’s equilibrium state. To empirically model
the land uplift process based on past behavior of shoreline displacement, data points of known spatial location, elevation and
dating are needed. Such data can be obtained by studying the isolation of lakes and mires from the sea. Archaeological data
on human settlements (i.e., human remains, fireplaces etc.) are also very useful as the settlements were indeed situated on dry
land and were often located close to the coast. This information can be used to validate and update the postglacial land uplift
model. In this paper, a collection of data underlying empirical land uplift modeling in Fennoscandia is presented. The data set
is available at https://doi.pangaea.de/10.1594/PANGAEA.905352 (Pohjola et al., 2019).

1 Introduction

Holocene land uplift has been known to people living along the shores of the northern Baltic Sea for centuries. Land uplift
is a consequence of the Weichselian stadial and the massive ice layer that covered the Northern Europe from the British Isles
to the proximity of Ural mountains in Russia. Heavy ice load pressed the Earth’s crust down during the Weichselian period
and when the ice started to melt at the beginning of the post-Weichselian or the Holocene period, the crust began to rebound
to it’s equilibrium state. During the Holocene land uplift, the area of the current Baltic Sea experienced several lake and sea
phases before finally settling to the present form of the Baltic Sea. More detailed review of the history of the Baltic Sea and
the changes in the sea level can be found in (Tikkanen and Oksanen, 2002; Bjorck, 1995), (Punning, 1987) and (Ojala et al.,
2013).

The timing of the ice retreat phases is also important in land uplift modeling. The estimated time of withdrawal of the edge
of the ice sheet from a certain location marks the phase when subsidence turned into land uplift at that particular location.
Several studies are available considering the timing of ice retreat (Hughes et al., 2016; Stroeven et al., 2016).

In empirical land uplift modeling, the most important source of information is that describing the shoreline displacement.
Nowadays land uplift can be monitored using precise GPS station networks and gravimetric measurements from satellites
described, for example, in (Lidberg et al., 2010; Miiller et al., 2012; Poutanen et al., 2010; Timmen et al., 2004). Unfortu-
nately, the GPS-based time series are relatively brief compared to other, less accurate data. The historical land uplift rate in

Fennoscandia has been studied using information on lake isolation from the sea. In (Eronen et al., 2001; Cato, 1992) the isola-
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tion of several lakes was examined using sediment samples taken from the bottom of the lakes. The samples were dated using
the 14C radiocarbon dating method and the age and depth of the layer where saltwater algae changed into freshwater algae
were determined. The resulting shoreline displacement curves show that the land uplift rate has not been steady and there have
also been local variations in the uplift. The same technique has been used with the ponds and mires by dating the first organic
layer in top of the inorganic clay layer. This method cannot be directly compared to the dating of lakes, because ponds and
mires are usually missing the algae samples. On the other hand, the bottom organic layer may have formed very rapidly in the
ponds and mires after the continental ice retreat.

Archaeological findings are useful in cases where the sea level can be checked against the location and age of human
settlements. In Fennoscandia it can be safely assumed that people during the Holocene lived on dry land and, therefore, the
location and elevation of these settlements sets an upper bound for the sea level at the time the settlements are dated to.

In this paper we present a data set underlying our efforts in developing empirical land uplift models (Pohjola et al., 2014).
The data set consists of lake isolation data, data on the oldest dated layers of peat bogs as well as relevant archaeological
findings. In the next chapters we describe the data and the data cleaning procedure and present the data collectors and the

owners of the data repositories.

2 The data sets
2.1 Data description

The data set presented in this paper is a collection of 1918 data points and it can be divided into two subsets: lake/mire isolation
data (669 data points) and archaeological data (1249 data points). Lake/mire isolation data are represented by black circles and
archaeological data by red circles in Figure 1. Each data point has a spatial location, elevation and timing information that is
preferably obtained using the '#C dating and calibration. In most cases, the uncertainties in the '*C dating are also taken into
account, but the user of this data set must be aware of the uncertainties in spatial coordinates and elevation values (explained
in more detail in the ’Data Handling’ section). In the following sections, the sources of the two data subsets are presented. An

example of the data from both data sets can be seen in Figure 2.
2.2 Lake and mire isolation data set

The lake/mire isolation data forms the main data set used in the modeling. The basic idea behind these type of data is the
determination of the freshwater/saltwater ecosystem boundary from a core drilled sample from a lake or mire bottom sediment.
The layer where the marine or brackish water algae change to fresh-water algae is determined in laboratory analysis. These
kinds of samples have been collected especially in the area of Finland and Sweden. In Finland the main data contributors have
been Matti Eronen and Gunnar Gliickert (Eronen et al., 2001). Arto Vuorela collected additional data points and included the
data set of Matti Eronen and Gunnar Gliickert into his own data set, published in (Vuorela et al., 2009). (Mékild et al., 2013)

is a collection of mire and bog evolution and isolation datings in Finland. The collection of data points presented in this paper
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Figure 1. Spatial location of source data points. Maximum extent of the Ancylus lake phase is indicated in dark green color and the Baltic
Ice Lake area is marked in mild blue color. Data points: (Pohjola et al., 2019). Background map: Esri. Historical shorelines: Geological

Survey of Finland.

is sampled selectively from these sources and complemented with data points gathered from other scientific sources. Bog and
mire data sets are based on core drillings and in some cases the layers of different datings are close to one another in the core. In
some rare cases the datings do not fully correspond to the depth of the dated sample along the core for some unknown reasons.
In these cases the oldest sample was considered even if it is not the deepest one near the clay sediment in the drilling core. Some
Norwegian shoreline points experienced several oscillatory rebound and retreat phases. The same issue can be seen in Finland

and Sweden, where the same spatial location may have shore markings of the Baltic Ice Lake, the Litorina Sea and possibly



10

15

Earth System
Science

Data

https://doi.org/10.5194/essd-2019-165
Preprint. Discussion started: 14 October 2019
(© Author(s) 2019. CC BY 4.0 License.

Open Access
suoIssnasIq

T
* Lake and Mire isolation points
80 S 9 Archaeological points |l

Height (m)
x

-8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000 0 1000 b\’
Age (Cal year)

F4
100 3 ﬁfd 4
[ .
80 04 7 b S
¢ § 4
€ 0 d . { 7
= N i
5 * x X oo /
% w o J [ S 4
T LR o A 4
* .
2 e Hdy L
x S G

I
100 90 80 70 60 50 40 30 20 10 0
Distance from Baltic sea shore (Km)

Figure 2. A sample of the data set containing data points along the line from (61° 0° 0,0",21° 6’ 0,0") to (61° 0’ 0,0", 24° 0° 0,0") in WGS84
coordinate system. The distribution of the data points in the height — age and height — distance domains is presented in the upper and lower

panel, respectively. Black circles denote the lake/mire isolation data and red circles the archaeological data. Background map: Esri.

the Ancylus Lake. Fortunately, in most cases the elevation is different and this allows to use all the available elevation/dating

information of the point in question.
2.3 Archaeological data set

There are plenty of archaeological data available, but our main focus is to acquire samples that have an existing '4C dating. For
example, if there were coal remains from different time periods in dwelling site fireplaces, the oldest dated sample was included
in the data set. The oldest sample is also an evidence of the site in question being above the water level at that time. However,
there are issues of which the user of this data set must be aware. For example in Kolmhaara, Eura in southern Satakunta,
Finland, the radiocarbon dated burial remains seem to be younger than expected from the radiocarbon datings. Kolmhaara is a
famous place, because it contains human remains (graves, fireplaces etc.) from a time period of thousands of years. The site has
been located near the Baltic Sea shoreline. However, when using shoreline modeling, these burials appear to be several meters
below the sea level at the time the remains are dated to. Either the shoreline displacement model is incorrect or the *Marine
reservoir effect’ (Dettman et al., 2015; Philippsen, 2013; Reimer and Reimer, 2006) has had an influence on the samples.
Main sources of the archaeological findings are the Finnish Heritage Agency archives (http://www.kyppi.fi) and the Swedish
National Heritage Board archives (http://www.raa.se). 'Y CARHU database consists of the radiocarbon data collected by Helsinki

University (Junno et al., 2015). More detailed references are included in the data sets.
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3 Data handling and organization

Various different coordinate systems were used in the original data sets. The data were reprojected to the WGS84 coordinate
system and the elevation is presented as meters above the sea level corresponding to the average sea level datum. Some of
the archaeological point locations were described verbally like "half a kilometer west from the main building..." and some of
the site locations were drawn manually illustrating the significant landmarks in the area. All these data points were checked
using the National Land Survey of Finland (NLS) maps as some of the archaeological sites are included in the NLS base maps.
If they were not included in the base maps, the best estimates, based on the verbal clues and possible hand drawings, were
determined using the NLS maps. In some cases the elevation information was also checked from the NLS base maps or NLS
digital elevation maps and refined if possible. In the cases where elevation was known, it was possible to check the location
using elevation information. The maximum error in the spatial location of the data points can be estimated to be about 100
meters, however, as a single data point usually represents a larger area of several kilometers’ radius when estimating the land
uplift behavior, the exact location of the data points is not critical. As an example, a part of this data set was used in the study
by Pohjola et al. (2018).

The vertical error in the lake/mire isolation and archaeological data sets is assumed to be £0.5 m. Defining the altitude is
sometimes very challenging, especially in villages situated at hill slopes. In these cases the lowest altitude is used and it is
assumed that the lowest point of the village has existed during the oldest period. This is somewhat questionable, because the
village might have expanded during the centuries around the oldest settlement. As said before, the archaeological data set is
used only for validation purposes when modeling land uplift.

In all cases concerning both the archaeological and the lake/mire isolation data, latitude (WGS84), longitude (WGS84),
altitude (meters above sea level), *4C age (calibrated years BP), 14C error (years), the name of the place, the reference *0)
Laboratory Identification, if available), URL of the database (if available) and possible additional information are provided.
The reference field will contain the '4C Laboratory report or a link to a database. In some cases the samples are collected as
a side product of other work and in these cases the laboratory number is the link to digital site report (in Finnish) or some
commonly referred article, where the finding is mentioned.

The calibration for the C radiocarbon dated data points was done using the Oxcal program containing Oxford radiocarbon
acceleration unit calibration curve (IntCal 13) (Bronk Ramsey, 2009). An example of the calibration curve is presented in

Figure 3.

4 Conclusions

This data set is intended to be used for modeling the postglacial land uplift in Fennoscandia between 12,500 and O years BP.
The collected set in this paper covers the area of Finland and Sweden reasonably well, but the data set is still too sparse in
certain areas (see Figure 1). Also, the work for searching additional data is currently going on and other data sets such as the

lake tilting data set presented in (Passe, 1996) is worth studying.
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OxCal v4.3.2 Bronk Ramsey (2017); r:5; IntCal13 atmospheric curve (Reimer et al 2013)
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Figure 3. The calibration curve and the error distribution from OxCal program (Bronk Ramsey, 2009).

5 Data availability

Both datasets are available at https://doi.pangaea.de/10.1594/PANGAEA.905352 (Pohjola et al., 2019).

Author contributions. J.P. and J.T. performed the data collection and handling. The manuscript was written by J.P., J.T. and T.L. in collabo-

ration.

5 Competing interests. The authors declare that they have no conflict of interest.



10

15

20

25

30

35

https://doi.org/10.5194/essd-2019-165
Preprint. Discussion started: 14 October 2019
(© Author(s) 2019. CC BY 4.0 License.

Earth System
Science

Data

Open Access
suoIssnasIq

References

Bjorck, S.: A review of the history of the Baltic Sea, 13.0-8.0 ka BP, Quaternary International, 27, 19-40, http://www.sciencedirect.com/
science/article/pii/104061829400057C, 1995.

Bronk Ramsey, C.: Bayesian Analysis of Radiocarbon Dates, Radiocarbon, 51, 337-360, https://doi.org/10.1017/S0033822200033865, https:
/lwww.cambridge.org/core/product/identifier/S0033822200033865/type/journal{ _}article, 2009.

Cato, I.: Shore displacement data based on lake isolations confirm the postglacial part of the Swedish Geochronological Time Scale, SGU
series Ca. Research paper, 81, 75-80, http://cat.inist.fr/?7aModele=afficheN{ & }cpsidt=4926817, 1992.

Dettman, D., Mitchell, D., Huckleberry, G., and Foster, M.: 14C and marine reservoir effect in archaeological samples from the northeast
gulf of california, Radiocarbon, 57, 785-793, https://doi.org/10.2458/azu_rc.57.18319, 2015.

Eronen, M., Gliickert, G., Hatakka, L., van de Plassche, O., van der Plicht, J., and Rantala, P.: Rates of Holocene isostatic uplift and relative
sea-level lowering of the Baltic in SW Finland based on studies on isolation contacts, Boreas, 30, 17-30, https://doi.org/10.1111/5.1502-
3885.2001.tb00985.x, 2001.

Hughes, A. L., Gyllencreutz, R., Lohne, @. S., Mangerud, J., and Svendsen, J. I.: The last Eurasian ice sheets - a chronological database and
time-slice reconstruction, DATED-1, Boreas, 45, 1-45, https://doi.org/10.1111/bor.12142, 2016.

Junno, A., Uusitalo, J., and Oinonen, M.: Radiocarbon dates of Helsinki University, www.oasisnorth.org/carhu, 2015.

Lidberg, M., Johansson, J. M., Scherneck, H.-G., and Milne, G. A.: Recent results based on continuous GPS observations of the GIA process
in Fennoscandia from BIFROST, Journal of Geodynamics, 50, 8—18, https://doi.org/10.1016/j.jog.2009.11.010, http://www.sciencedirect.
com/science/article/pii/S0264370709001665, 2010.

Maikild, M., Sadvuori, H., Kuznetsov, O., and Grundstrom, A.: Age and dynamics of peatlands in Finland, Tech. rep., Geological Survey of
Finland, Espoo, Finland, 2013.

Miiller, J., Naeimi, M., Gitlein, O., Timmen, L., and Denker, H.: A land uplift model in Fennoscandia combining GRACE and absolute
gravimetry data, Physics and Chemistry of the Earth, 53-54, 54—60, https://doi.org/10.1016/j.pce.2010.12.006, 2012.

Ojala, A. E., Palmu, J. P,, Aberg, A., Aberg, S., and Virkki, H.: Development of an ancient shoreline database to reconstruct the Litorina
Sea maximum extension and the highest shoreline of the Baltic Sea basin in Finland, Bulletin of the Geological Society of Finland, 85,
127144, https://doi.org/10.17741/bgst/85.2.002, 2013.

Passe, T.: Lake-tilting investigations in southern Sweden, Tech. Rep. April, Swedish Nuclear Fuel and Waste Management Co, Stockholm,
http://www.skb.se/upload/publications/pdf/TR96- 10webb.pdf, 1996.

Philippsen, B.: The freshwater reservoir effect in radiocarbon dating, Heritage Science, 1, 1-19, https://doi.org/10.1186/2050-7445-1-24,
2013.

Pohjola, J., Turunen, J., Lipping, T., and Ikonen, A. T. K.: Landscape development modeling based on statistical framework, Computers &
Geosciences, 62, 43-52, https://doi.org/10.1016/j.cageo.2013.09.013, 2014.

Pohjola, J., Turunen, J., Lipping, T., Sivula, A., and Marila, M.: Historical Perspectives to Postglacial Uplift, Springer Netherlands,
https://doi.org/10.1007/978-3-030-00970-0, https://link.springer.com/book/10.1007{ % }2F978-3-030-00970-0, 2018.

Pohjola, J., Turunen, J., and Lipping, T.: Land uplift modelling data including lake and mire isolation and archaeological data from
Fennoscandia, PANGAEA, https://doi.org/10.1594/PANGAEA.905352, 2019.

Poutanen, M., Dransch, D., Ivins, E. R., Klemann, V., Kozlovskaya, E., Kukkonen, I., Lunkka, J.-p., Milne, G., Pascal, C., Steffen,

H., Vermeersen, B., and Wolf, D.: DynaQlim -Upper MantleDynamics andQuaternary Climate in Cratonic Areas, in: New fron-



10

15

https://doi.org/10.5194/essd-2019-165
Preprint. Discussion started: 14 October 2019
(© Author(s) 2019. CC BY 4.0 License.

Earth System
Science

Data

Open Access
suoIssnasIq

tiers in integrated solid earth sciences, edited by Cloetingh, S. and Negendank, J., pp. 349-372, Springer Netherlands, Dordrecht,
https://doi.org/10.1007/978-90-481-2737-5, http://link.springer.com/10.1007/978-90-481-2737-5, 2010.

Punning, Y. M.: Holocene Eustatic Oscillations of the Baltic Sea Level, Journal of Coastal Research, 3, 505-513, 1987.

Reimer, R. and Reimer, P.. Marine reservoir corrections and the calibration curve, Pages News, 14, 12-13,
https://doi.org/10.1038/nature05214.time, 2006.

Stroeven, A. P., Hittestrand, C., Kleman, J., Heyman, J., Fabel, D., Fredin, O., Goodfellow, B. W., Harbor, J. M., Jansen, J. D., Olsen, L.,
Caffee, M. W., Fink, D., Lundqvist, J., Rosqvist, G. C., Stromberg, B., and Jansson, K. N.: Deglaciation of Fennoscandia, Quaternary
Science Reviews, 147, 91-121, https://doi.org/10.1016/j.quascirev.2015.09.016, 2016.

Tikkanen, M. and Oksanen, J.: Late Weichselian and Holocene shore displacement history of the Baltic Sea in Finland, Fennia, 180, 9-20,
2002.

Timmen, L., Gitlein, O., Denker, H., Bilker, M., Wilmes, H., Falk, R., Reinhold, A., Hoppe, W., Pettersen, B. R., Engen, B., Engfeldt, A.,
Strykowski, G., Forsberg, R., Observatory, O. S., and Survey, N.: Observing Fennoscandian geoid change for GRACE validation, in: Joint
CHAMP / GRACE Science Meeting, Potsdam, 6.7-8.7.2004., pp. 1-10, 2004.

Vuorela, A., Penttinen, T., and Lahdenperd, A.-M.: Review of Bothnian Sea Shore-Level Displacement Data and Use of a GIS Tool to
Estimate Isostatic Uplift Review of Bothnian Sea Shore-Level Displacement Data and Use of a GIS Tool to Estimate Isostatic Uplift,
Tech. rep., Posiva Oy, Eurajoki, http://www.posiva.fi/files/955/WR{_}2009-17web.pdf, 2009.



