
The Input of Phosphate & Vanadium into the Lake Laacher See by 
Dissolution of Volcanic Rocks (East Eifel, Germany)
Sascha Rudolph1*, Sven Philipp1,2, Michael Pirrung1, Karl-Heinz Köppen2, Thorsten Schäfer1

1 Friedrich-Schiller-University Jena, Institute of Geosciences, Burgweg 11, 07749 Jena, Germany
2 Wasser und Boden GmbH, Am Heidepark 6, 56154 Boppard-Buchholz, Germany

* Email: sascha.rudolph@uni-jena.de

Paths of Phosphorus Input 

Phosphorous in soils 
and lake sediments

• P-conc. of surface sediments reflects
both geogenic (vicinity to P-rich scoria
cones) and anthropogenic sources by
agriculture (pastures and fertilizers)

• soil P = 313 - 1260 mg/kg [1]

• pH of soil equilibrium solution is a
further tracer for these backgrounds to
determine P-sources:

• animal excrements increases P-
conc. and decreases pH by
nitrification on pastures and by
smaller degree on fields due to the
use of excrements as fertilizer

• acidic conditions appear by mofettes

• high pH conditions reflect P-poor
lacustrine carbonate sediments

• erosion and surface fluxes control P-
conc. in recent lake sediments, as
evidenced by high spatial variability of P
appearance:

• lake sediment P = 586 - 3449 mg/kg

• increased P-conc. of lake sediments
occur near terrestrial P-rich soils

• enhanced erosion at morphological
steep outcrops of scoria cones
increases P-conc. of lake sediments

Conclusion & Outlook
• bulk-rock geochemistry points to the

significance of volcanic rocks as
geogenic P source compared to soils of
agricultural lands or subaerial
deposition (114 mg m-2 a-1 [5])

• increased Ortho-PO4
3- conc. in wells

close to scoria cones evidence
geogenic P input by groundwater to
lake

• PHREEQC modelling indicate increased
apatite dissolution in acidic conditions
induced by CO2-degassing mofettes

• in further studies, batch experiments
will be used to determine release
potential and kinetics of P dissolution
from rocks and sediments and detailed
investigation of V

• these input data will be used to quantify
geogenic phosphorus input with 1D-
transport model by PHREEQC

Objectives
• identify sources of geogenic input

within the surrounding volcanic rocks

• evaluate the significance of both
geogenic and anthropogenic P-sources

• investigate mobility, leaching behavior
and equilibrium, and groundwater
transport of P in Laacher See area

Phosphorus transport 
by groundwater

• P in groundwaters near Laacher See:

• P(total): ≤ 0.40 mg/l

• P(Ortho-PO4
3-): ≤ 0.13 mg/l

• elevated Ortho-PO4
3- indicate geogenic

input by leaching of apatite particularly
in the western lake area where inflows
from scoria cones appear

• high conc. of total P compared to low
Ortho-PO4

3- indicates P input due to
pastures and agricultural lands (S area)

• saturation indices (SI) of igneous,
primary P-phases (apatite) and the
secondary P-phase vivianite were
calculated by PHREEQC [18] for
groundwaters and surface waters [8,15]

• apatite is undersaturated at wells of
elevated Ortho-PO4

3- (assumed as
geogenic P input) → PO4

3- solution
from apatite is a rate-limited process
and not equilibrium-controlled

• creek waters (SW area) characterizes
elevated Ortho-PO4

3- conc. caused by
apatite leached groundwater from near
located springs and strong over-
saturated conditions of apatite-phases
due to degassing of CO2 and increasing
pH on the surface

Motivation
• Laacher See located within the crater of

the Laacher See Volcano is affected by
eutrophication due to elevated conc. of
lake water P (avg. 34 µg/l) [4]

• origin of the nutrient P, especially the
role of geogenic input to lake, is unclear

• elevated V-conc. (6.7 - 28.4 μg/l)
correlating to PO4

3- in groundwaters of
volcanic rocks in West Eifel stated [11]
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Leaching of geogenic 
Phosphorus

• predominance plot of Ca-Fe-P-H2O
system calculated by PHREEQC &
PhreePlot [14, 18] displays species
occurrence of P at different pe & pH

• pH governs dissolution of igneous P

• fluor- and chlorapatite characterizes
lower solubilities at lower pH
compared to hydroxyapatite

• mobile PO4
3--phases become pre-

dominant related to apatite at pH ≤ 6.3

• redox status (pε) has insignificant
influence on solubility of PO4

3--species

• acidic conditions in groundwaters
caused by mofettes due to solution of
degassing CO2 as carbonic acid

• surface waters degas dissolved CO2 to
the atmosphere leading to neutral pH

→ s

Geochemical Behavior 
of Phosphorus

• bulk rock geochemistry measured by X-
ray fluorescence (XRF) & Total
Digestion with ICP-OES/MS

• two geochemical domains of volcanic
rocks occurring near Laacher See area:

A. Basanites & Tephrites

• represent lava & scoria erupted by
prevalent occurring scoria cones

• bulk-rock P = 2291 - 3216 mg/kg

B. Phonolites, Foidites & Tephriphonolites

• pumice from tephra of the caldera-
erupted Laacher See Volcano (LST)
and Rieden volcanic complex

• bulk-rock P = 113 - 938 mg/kg

→ aP and V occur at higher concentrations
in mafic rocks, similar to the behavior
of other compatible elements significance of mofettes for the

dissolution of igneous PO4
3--phases

HS 8.1.5

EGU23-4264

https://doi.org/10.2138/am-2015-5318
https://doi.org/10.1007/BF00268924
http://doi.org/10.1007/BF01820883
https://doi.org/10.1007/s00531-014-1133-3
http://doi.org/10.1007/s00767-020-00447-x
https://wasserportal.rlp-umwelt.de/
https://doi.org/10.1093/petrology/25.4.805
http://doi.org/10.1127/njma/144/1982/29

	Folie 1

