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The Theoretical Potential of Hondsrug Glacial Rock
Dust as Soil Remediator in The Netherlands

Niels Christian Olfert

ABSTRACT

Agriculture in the Netherlands is a major source of ammonia (NH3)
emissions. Deposited nitrogen levels in the Netherlands reached 2-3 times
their critical value at the start of 2020. Excess nitrogen in soil may cause
declines in biodiversity and ecosystemic disequilibrium. This may lead to
acidic and decalcified soils that are less capable of retaining nutrients. The
mineral fines in rock dust are proven agents in soil remediation and
remineralization. Glacial moraine deposits are a branded source of rock
dust and are contained in the glacial till of the “Hondsrug” area, a boulder
clay ridge in the northeastern Netherlands. Formerly, erratic rocks from
this boulder clay served various practical purposes. The existing apparent
inutility of these erratic rocks motivates us to review their potential as rock
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dust. Lack of chemical analyses on the in situ erratic rocks resorts to an *Corresponding Author
evaluation of their inferred Fennoscandian source rocks which are of
igneous and sedimentary lithology. The chemical composition of these
inferred source rocks is compared with that of proven rock dust suppliers.
It is concluded that even though there are compositional parallels between
the rock dust, the Hondsrug area glacial till is comparatively decalcified and
mineralogically of limited benefit. Moreover, exceptional magnitudes of
erratic rocks are scarcely encountered while at the same time, the bulk is
preserved as geological heritage. Despite the adversities, it could be chosen
to commence trials with crushing idle erratic rocks in the Hondsrug area
whenever this may be assessed as a useful supplement.
Keywords: Crop Nutrition, Glacial Erratic Rocks, Nitrogen, Netherlands
Agriculture, Rock Dust, Soil Remineralization.
I. INTRODUCTION
Agriculture in the Netherlands is a major source of
ammonia (NH3) emissions [1]. As a result of increased
manure production from Netherlands’ livestock, ammonia
emissions in 2017 and 2018 exceeded the 128 kt limit agreed
to by the European Union [2] (see Fig. 1). Even though the
recorded ammonia emissions in 2019 were 123 kt [3],
excessive nitrogen emissions have unfavourably affected the
subsurface. An example thereof is the sandy soil of the
ancient deciduous forest of oak trees hosted by the Veluwe . 2 AT Pl
National Park [4]. . 2 i,
Since 2015, there have been several experiments to reduce 4 ;18 2 f;’f e . y

deposited nitrogen that had reached 2-3 times its critical value
of 1071 mol per hectare at the start of 2020 [4]. These
experiments involved application of Eifelgold® rock dust as
“slow-release fertilizer” [5].

De Vries et al. [5] reports a significant positive effect of
rock dust on soil chemistry. Plant leaves recorded higher
nutrient content—especially potassium and magnesium—and
the nitrogen content of oak leaves had decreased. Even
though a natural solution ideally includes further reducing
nitrogen deposition [4], it proves that soil remineralization
can partially restore nutrient balance in tested soils within
three years after application.
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Fig. 1. Average nitrogen deposition in the Netherlands in 2018.
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Soil remineralization relies on mineral fines to restore soil
fertility by resupplying nutrients previously removed by
agricultural activities or natural forces [6]. The contribution
of agricultural intensification to soil degradation remains a
recognized phenomenon worldwide as rock dust gains
traction amongst academics. In 2022 a team of researchers
from the University of Bristol conducted research that
involved cultivation of red clover with nitrogen-fixing
bacteria on a typical pH~7 silt loam that was treated with
glacial rock dust and estimated its nitrogen fixation capacity
as a measure of fertility in comparison with two equivalents;
an untreated control group and one that was treated with
synthetic fertilizer. The team reported that comparatively,
rock dust treatments promote nitrogen fixation and mitigate
N20  emissions [7]. Environmental valuables that
multinational brewer Carlsberg illustrated a year earlier by
increasing their crop yields with 30% after treating a barley
field in Denmark with rock dust from Greenland’s granite
bedrock [8].

II. SoIL REMINERALIZATION AND ITS SOURCES

Rock dust is an assemblage of mineral fines with a
constitution typically favourable for soil remineralization
purposes that derive from crushed or weathered source rock.

For soil remineralization, Hamaker and Weaver [9]
recommended mineral fines from rock gravels, glacial
moraine deposits, and hard silicate rock types, such as slower-
weathering granites. All these examples are exhibited in the
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glacial tills commonly constituting the shallow subsurface of
the “Hondsrug” area (see Fig. 2), a boulder clay ridge in
north-eastern Netherlands roughly 60 km in length, formed as
a consequence of massive glacial retreat from the present-day
Fennoscandian Peninsula in the Pleistocene epoch [10]. It
constitutes a geological complex that is characterized by
marked NNW-SSE oriented linear features which were
shaped by ice streams during the Saalian glaciation,
approximately 150 kya [10].

The Hondsrug glacial till hosts numerous erratic rocks and
boulders of varying dimensions. In the past, there was
economic potential in mining erratic rocks and boulders due
to their application as building material for roads and
reinforcement purposes [11]. However, presently, these rocks
and boulders prove rather problematic for farmers as they
cause damage to farm equipment during the harvesting
season. This “idle potential” is the primary motivation for
writing this article.

Academic research (e.g. [12]-[14]) persistently suggests
that silicate rock dust has the potential to enhance plant health
that is—in turn—contingent on a familiar basis of fourteen
elements essential for plant growth—nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca), magnesium (Mg), sulphur
(S), chlorine (Cl), boron (B), iron (Fe), manganese (Mn),
copper (Cu), zinc (Zn), nickel (Ni) and molybdenum (Mo)—
based on studies (e.g. [15]-[17]).

The main goal of this article is to practically assess the
potential and feasibility of the geologically distinct boulder
clay found in the Hondsrug area as a source for rock dust.
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Fig. 2. Location and outline of the Hondsrug area in the province of Drenthe and relative to the province of Groningen, within the scope of Europe-
Netherlands.
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III. THE HONDSRUG GLACIAL TILL
CHEMICALLY DECOMPOSED

The Hondsrug glacial till is classified based on
composition and class orientations and can be subdivided into
six types [6]. Three of these subtypes are still calcified at
present, whereas the other three are calcium depleted.

The erratic rocks and boulders of the till are predominantly
of granite, gneiss and sandstone lithology. These lithologies
typically yield silica and potassium feldspar, which produce
secondary clay-sized minerals upon weathering.

Haldorsen et al. [18] conducted a study on the composition
and source of the clay-sized fractions illite, kaolinite and
smectite—amongst others—of the applicable Saalian glacial till
in the Netherlands. Five of 23 samples analysed coincide with
the Hondsrug area. These were collected from the
Emmerschans and Erica localities. Results suggest that
weight percentages of illite are relatively high compared to
other localities in the Netherlands, whereas those of kaolinite
are relatively low. The representation of smectite appears
indistinct: overall it is relatively underrepresented in the
Hondsrug samples. An exception however forms one sample
that contains the highest relative proportion of smectite over
the complete sample set, which is believed to have volcanic
over pedogenic origin [18]. Both illite and kaolinite are
composed of silicon and aluminum. In addition, illite contains
potassium, magnesium and iron in a range of possible
proportions. Beidellite is considered a common soil-smectite,
which has an ideal chemical formula consisting of silicon and
aluminum, in addition to interchangeable calcium and
magnesium [19].

IV. Is HONDSRUG GLACIAL TILL A SERIOUS CANDIDATE
FOR ROCK DUST?

Given the limited sample size and its inconsistencies, early
deductions about the potential of Hondsrug glacial till as rock
dust should be treated with caution. With that said, there are
two observations from Haldorsen et al. [18] that provide a
favourable contribution to this potential. Firstly, the
comparatively abundant illite, which is one of the principal
mineral sources of potassium in many soils [20] that is, in
turn, a prime constituent for commercial NPK fertilizers.
Secondly, the recorded substantial proportion of smectite.
Smectite is considered particularly important in temperate
region soils due to the fact that it has a high cation exchange
capacity (CEC) and therefore many plant nutrients can be
retained in its mineral structure [19], [21]. Due to its
expansive nature and negative charge, smectite is highly
reactive in soils. Therefore, it readily exchanges K*, Ca*",
Mg?*, Na*, in addition to other cations required for plant
growth [21].

Despite these encouraging observations, Wim de Vries
from Wageningen University & Research (WUR) argues that
employment of rock dust should be—as a matter of course—
dependent on prior assessment of a soil’s fertility [22]. Soil
fertility concerns nutrient availability and its usage within
plants [23]. Not all soils are equally fertile and retain their
nutrients equally effectively (e.g. [24]). This is particularly
true for the deeply leached southern hemisphere oxisols [25].
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Although European soils are generally considered fertile
[26] in 2019, the European Commission estimated that
Europe loses 9 million metric tons of it per year [27]. The
Nutrient Management Action Plan seeks to reduce nutrient
loss by at least 50% [28], [29] and managing nitrogen better
throughout its lifecycle constitutes one of its actions.

V. How IS THE HONDSRUG SOIL ACTUALLY DOING?

The complications of excessive nitrogen emissions with
respect to soil quality are multifaceted [30]. Primarily, excess
nitrogen in soil may cause declines in biodiversity and
ecosystemic disequilibrium and—in turn—yields acidic and
decalcified soils that are less capable of retaining nutrients.

The critical deposition value (CDV) for nitrogen measures
the effects of excessive nitrogen emissions and is defined as
"the limit, beyond which the risk cannot be excluded that the
quality of the habitat type is significantly affected as a result
of the acidifying and/or fertilizing influence of the
atmospheric nitrogen deposition" [31]. According to WUR,
an average deposition value of 1000 mol/ha/yr would bring a
significant part of the natural areas in the Netherlands near
the CDV. It must be noted that the value of the CDV is
dependent upon habitat type and may thus vary from one area
to the other based on nitrogen toleration.

The provincial government of Drenthe-the domain that
includes the Hondsrug area—issued a course of action in 2021
to reduce nitrogen deposition and foster nature while ensuring
economic advancement. The document that ensued
emphasizes current and expected nitrogen deposition for
several protected nature areas, among which a~351 ha stream
valley on the western Hondsrug flank called
Elperstroomgebied that has low nitrogen toleration [32].

In 2018, nitrogen deposition in Elperstroomgebied ranged
between 1017-1733 mol/ha/yr. In that year, 57% of the area
stayed within limits of the CDV for nitrogen. Nitrogen
deposition in Elperstroomgebied is expected to decrease to
860-1477 mol/ha/yr by 2030 [33]. It should be noted that
most of the deposited nitrogen in the area (~65%) sources
from externally—other provinces and abroad—and the
emphasized area poses a case that requires special attention
[34].

The agricultural importance of periglacial sediments has
been widely demonstrated (e.g. [35]) and therefore it is
inconceivable that geological exploitation of rocks for
improved fertility in the Hondsrug area requires the same
urgent necessity and attains similar measurable effectiveness
as for developing countries with lower quality soils that spend
much on chemical fertilizer (e.g. [36]).

Since October 2013 [25] Brazilian federal law sanctions
and regulates the usage of crushed silicate rock remineralizers
for crop nutrition in their readily leachable soils — an
approach that may ensue a model for reduced long-term
dependency on imported chemical fertilizers for the
developing world [25] whose own mineral sources are often
exploited by multinational mining companies [37].

There establishes greater recognition for ‘Development
Minerals’ to alleviate poverty and sustain food production
and rock dust could play a key role in this emergent field [37]-
[38]. Not every rock however must also roll.
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VI. AN ANALYTICAL APPROACH

Ramezanian et al. [39] treated two wheat cultivars on three
different soil types with volcanic rock dust under controlled
conditions for a three-year period and reported no
demonstrable ecological or agricultural benefit. In contrast,
Bakken, Gautneb and Myhr [40] and Bakken et al. [41] used
crushed rock including the mineral nepheline—a potassium
source—as a fertilizer to positive effect [25] and others have
since explored its potential (i.e. [42]). Granite, along with
other igneous rocks, is multifarious. Its complex geological
history determines its exact elemental composition.
Therefore, reliable assessments of its potential as agricultural
supplement demand accurate analysis of its constituents.
Once chemical comparison with equivalents of proven rock
dust yields demonstrable parallels, positive inferences could
be drawn regarding its potential as rock dust.

Unfortunately, Haldorsen et al. [18] does not publish the
glacial till’s elemental constituents. The chemical
composition of granite dust applied by Faraone and Hillier
[12] is protected intellectual property of Heritage Memorials
Ltd. Disclosure of its potential is thus subject to future
comparative investigations. Outside of examining the in situ
erratic rocks and boulders of the Hondsrug glacial till, it can
be focused on investigating its source rock prior to glacial
advance. Haldorsen ef al. [ 18] show the main source of Baltic
crystalline indicators based on the information given in De
Waard [43] and Zandstra [44]-[45]. On the basis thereof, the
five Hondsrug area samples originally derive from the eastern
Baltic, from generally Precambrian and Paleozoic source
bedrock. Schuddebeurs [11] already indicated that the bulk of
the observed indicator boulders in the Hondsrug area
comprise (aplite-)granites from Aland, SW Finland and
Smaland, S Sweden. Eklund, Frdjdo and Lindberg [46]
present a statistical approach for the fascinating history
concerning the generation of the various magmas that
rendered different types of Aland granites, including those
that are termed rapakivis. Their research suggests a mixed
origin of the typically encountered rocks, the inferred
chemical composition of which is presented subsequently:

Si02: 62.55%; AlO3: 13.99%; FeO: 8.83%; CaO: 4.47%;
Na20: 3.18%; K20: 3.27%; MgO: 1.79%; TiOz: 1.39%; with
trace amounts of MnO and P>0Os.

The volcanically derived smectite is thought to have
originated from reworked, lithified tertiary sediments that
accumulated in the North Sea during and after the opening of
the Atlantic Ocean [18]. These sedimentary rocks are
encountered in the Scania province of southern Sweden [47].
Erlstrom and Guy-Ohlson [48] presented their investigation
of the Upper Triassic Norian Kégerod Formation in Scania
which is dominated by clays and mudstones alternating with
sandstones. The clays and mudstones are dominated by
kaolinite, but also provide a source of smectite and illite.
Even though it is challenging to determine the exact locality
of the Tertiary sedimentary rocks from the literature, and it
remains speculative to attribute absolute uniformity between
the rocks, there appear characteristic analogies. Inductively
Coupled Plasma-Atomic Emission Spectroscopic (ICP-AES)
analysis of a clay sample yielded the following distribution of
oxides:
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SiO2: 50.1%; ALQOs: 23.1%; FexOs3; 13.8%, with trace
amounts of Ca0, Na2O, MnO, TiOz, K20, MgO and P>Os.

Even though the above-presented distribution of elements
could be considered effectively varied, Bolland and Baker
[49] demonstrated that low potassium, phosphorus and
nitrogen content in powdered granite limited its effectiveness
when applied.

VII. LET’S SEE IF THOSE ERRATIC ROCKS CAN PULL THEIR
WEIGHT

Fig. 3 represents a stockpile of erratic rocks excavated by
a Hondsrug area farmer during harvesting which is exhibited
at heritage museum Hunebedcentrum, connected to
Hondsrug UNESCO Global Geopark.

An informed approximation supposes a volume of 25 cubic
metres (Olfert, personal communication, 2022). Based on
recent application of rock dust for soil remediation purposes
on sandy soil in southern Netherlands, 10 t/ha rock dust is a
proposed requirement [50]. In calculating the mass (m) of
erratic granite or gneiss, a specific weight of 2.7 kg/m® is
proposed and a constant 0.6 is introduced to account for
irregular shape [51].

m=V -06-27 (1)

From (1), it follows that the supposed volume (V) of 25
cubic metres weighs 40.5 t. Due to uncertainties with regards
to stockpiled volume and the omit of pore spaces—which,
despite the added irregularity constant, is expected to yield
greater mass—an educated range of plausible masses of 35-45
t is proposed for the stockpiled erratics. It should be noted
that the stockpile in the above image is considered an
exceptional excavation in terms of the magnitude of erratics
(Wolters, personal communication, 2022). It can be inferred
that for remediation of the ~351 ha Elperstroomgebied, as
much as ~100 equivalent stockpiles may be required
presuming its effectiveness as a soil remediator.

Fig. 3. Stockpile of Hondsrug area erratic rocks exhibited at a heritage
museum connected to Hondsrug UNESCO Global Geopark
shown for estimation purposes.
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VIII. ISIT ALL PRACTICAL AND REALISTIC?

Table I represents the chemical composition from proven
rock dust producers SIBELCO and Eifelgold® compared
with the above-presented distribution of elements in the
hypothetical Hondsrug area source rocks to infer its
effectiveness.

TABLE I: CHEMICAL COMPOSITION BY PERCENTAGE OF OXIDES

SIBELCO Eifelgold® Aland Norian Kageréd Fm

SiO; 46 42-44 62.55 50.1
ALOs 18 13-15 13.99 23.1
FeO - - 8.83 -

Fe203 11 10-12 - 13.8
CaO 8 11-13 4.47 ta.
NaxO 5 2-4 3.18 t.a.
K20 5 3-4 3.27 ta.
TiOz 3 2-3 1.39 t.a.
MgO 4 8-10 1.79 ta.
MnO - t.a. t.a. t.a.
P,0s - ta. ta. t.a.

t.a. signifies trace amounts. A single dash (-) signifies absence of relevant
oxide.

It must be urgently noted that the afore-presented concerns
one single example, per presumed source rock, and that
documentation of additional chemically analysed samples
from other localities within Aland, Smaéland and Scania is
found to be sparse. The chemical constitution of erratic rocks
and boulders compared to the original source rock might have
significantly altered due to geological processes. Therefore,
effective research should invariably encompass thorough
chemical analysis of the in situ erratic rocks and boulders
constituting the glacial till, in favour of theoretical correlation
with its inferred source.

Even though the values in table I correspond to certain
extent, it is evident that CaO is underrepresented in the two
hypothetical Hondsrug area source rocks. The importance of
calcium as a regulator of plant growth and development is
widely testified (e.g. [52]). The fact that the current Hondsrug
glacial till is presumably abundantly decalcified proves
unfavourable.

On that same token, from Chiwona et al. [42] it may be
implied that dissolution rates—hence—nutrient release from
potassium feldspar in granite is too slow to meet the required
standards set by nepheline which—in turn—only forms in
silica-poor rocks which are underrepresented in the Hondsrug
glacial till. Priyono and Gilkes [53] however, concluded that
potassium feldspar may be used as effective K fertilizer. In
spite thereof, glasshouse experiments carried out by Priyono
and Gilkes [54] to further constrain the agronomic
effectiveness of potassium feldspar versus a reference
fertilizer (K2SO4) in K-deficient soils supported the limited
benefit of the former in lieu of the latter. Irrespectively, Lim
et al. [55] recommends feldspathic adsorbents for
groundwater remediation, and evaluations by Ciceri and
Allanore [56] and Manning [20] suggest that the primary
weathering of feldspar yields significantly higher weathering
and dissolution rates than previously proposed—a component
that might be correlated with plant and soil microbiological
processes and invariably substantiates the increased energy
rate of rock milling to reduce particle size [57].

Regardless of academic variance, the concept of the
Hondsrug glacial till as a source of rock dust meets public
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resistance. Harry Huisman—the curator of geology tied to the
Hondsrug UNESCO Global Geopark—shed light on a number
of these adverse considerations. Firstly, the amounts of erratic
rocks and boulders that are currently uncovered during
harvesting are limited in size and quantity. Exceptional
magnitudes of erratics—such as presented above—are scarcely
harvested. Furthermore, local farmers themselves consider
the glacial soils unproductive (Huisman, personal
communication, 2022) and excavation of glacial till and its
erratic rocks and boulders is considered economically
unviable. It is confirmed the glacial till found in the Hondsrug
area is abundantly decalcified (Huisman, personal
communication, 2022). Most importantly, Hondsrug
UNESCO Global Geopark strives to preserve these erratic
rocks and boulders as geological heritage (Huisman, personal
communication, 2022).

Wim de Vries from Wageningen University & Research
(WUR) moreover notifies about the hazards of incorrect
utilization of rock dust. Some of these hazards include
excessive soil mineralization, decreased availability of
phosphorus and potential alterations to soil fauna [22], all of
which have bad effects on soil fertility. Swoboda [57]
furthermore states that nutrient imbalances may arise from
excessive rock dust application. Maaike Weijters from B-
Ware—a research institute whose scientific focus lies on
chemistry and ecology—argues that more research is needed
to ascertain the long-term effects of rock dust on organic soils
[22].

IX. CONCLUSIONS AND RECOMMENDATIONS

The high NH3 emissions, adversely affecting soils, show
that there is potential need for remineralization in the
Netherlands. Mineral fines in rock dust have the potential to
remediate soil by restoring its nutrient balance. There are
ongoing practical experiments with the application of rock
dust in the Netherlands to reduce deposited nitrogen, to
satisfying effect. The hypothetical source rock from the
Hondsrug glacial till shows chemical parallels with proven
rock dust SIBELCO and Eifelgold®.

Despite the similarities, there are substantial reasons to
abandon the Hondsrug glacial till as a source of rock dust.
Essentially, these include the fact that the current Hondsrug
glacial till is abundantly decalcified and dissolution rates for
potassium are deemed too slow, that exceptional magnitudes
of erratics are scarcely harvested, and that Hondsrug
UNESCO Global Geopark strives to preserve erratics as
geological heritage.

It is recommended to proceed with rock dust experiments
in soil remediation to ascertain its long-term effects on soil
and ecosystem and advocate for the necessary resources
toward that end.

Since the chemical composition of the in situ erratics
remains undisclosed, as a subject of further research, it may
be proposed to carry out chemical analysis of these rocks. In
case analysis certifies in situ erratics as effective soil
remediator, there ensues a humble selection of propositions
as follows:

Even though Hondsrug UNESCO Global Geopark strives
to preserve erratics as geological heritage, and excavation of
glacial till is considered economically unviable, it could be
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chosen to commence trials with crushing stockpiled idle
erratics whenever this may be assessed as a useful supplement
for local purposes. To this end, it could be considered to
provide local farmers cost-effective means to crush small-
scale erratic in the future.

It is not proposed to use regional rock dust from more

remote sources to remediate protected nature areas such as
Elperstroomgebied. Given its expected limited contribution

as

a remediator and the foreseeable logistical complications,

this is not deemed to present a sustainable solution.
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