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Abstract

The analysis of published data on geophagy in humans, including manifestations of its
variant known as “pica”, as well as information on geochemical endemics associated with
geophagy and rare earth elements, together with our own research experience, allows
us to conclude that geophagy in humans, as well as in animals, is primarily a natural,
evolutionarily determined form of maintaining the necessary balance of rare earth elements
in the neuroimmunoendocrine system. Disturbances in the composition and concentration
of necessary rare earth elements (REE) in the structures of the most important protective
and controlling system in the mammalian organism lead to disorders of mineral and general
metabolism in the body and, as a result, to geochemical endemics. Geochemical endemics
occur in landscapes with anomalous levels of biologically available REE forms, i.e., levels
that differ significantly both towards deficiency and towards exceeding background levels.
The imbalance in the metabolism of other chemical elements in the body seems to have
a subordinate importance in the mechanism of occurrence of geochemical endemics in
relation to REE.

Keywords: animals; geochemical endemics; geophagy; human; neuroimmunoendocrine
system; rare earth elements

1. Introduction

At the beginning of 2025, the journal “Geosciences” published an article entitled
“Major and minor causes of geophagy-lithophagy in animals and humans”, in which we
tried to summarize all the facts we had collected (the results of our own studies, as well as
from literature sources), which directly or indirectly indicate the connection of most cases
of geophagy-lithophagy in mammals and birds with the desire to maintain the balance of
rare earth elements (REEs) in the neuroimmunoendocrine system of the body. We started
from the fact that the normal functioning of this most important control and defense system
in any living organism depends on the presence in it of only necessary (present in necessary
amounts) and the absence of unnecessary (toxic) REE elements. The fact that humans and
animals live in environments with a critical excess or deficiency of these elements in food
and drinking water forces them to maintain the necessary balance of REEs with the help of
natural sorbents that can be enriched or depleted of the necessary RE elements, depending
on the specific situation.
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We have decided to write this article as a follow-up to the previous one, and to focus
it on a review of published evidence on geophagy, mainly in humans, as well as on the
relationship of this phenomenon with landscape REE anomalies, which, as it turns out, are
always areas of various endemic geochemically determined diseases. On the basis of these
data, we intend to strengthen our previous hypothesis about the main cause of geophagy
from the point of view of the idea of the incompleteness of the immunity theory and the
existence of a component in the neuroimmunoendocrine system with the participation of
some REE elements, which regulates the movement of all or part of the chemical elements
and their spatial and temporal binding in the material structures of the body.

Before presenting the material, let us first define some terms. Geophagy is the phe-
nomenon of regular, deliberate ingestion of earthy substances, specially selected in certain
places, which is characteristic of humans and animals living for a long time in certain
natural and anthropogenic landscapes. In the medical community, cases of geophagy are
usually referred to as “pica” (from the Latin word “magpie”—a bird characterized by its
habit of grabbing everything). Pica refers to cases in which a person in a state of stress
tends to consume a variety of non-food substances: soil, chalk, coal, ash, cement mortar, etc.
In other words, pica is a broader term used in medicine to describe any food disorder that
occurs in a person. When researchers describe such disorders as regular consumption of
predominantly earthy substances by people, we have also used publications on such cases
in our analyses, identifying pica with geophagy.

In order to shorten the term “earthy substances consumed by humans”, we will
sometimes refer to them more simply as “edible” earths.

2. Results

2.1. A Brief History of the Study of Geophagy in Humans; The Spatial Relationship of Geophagy in
Humans and Animals

The phenomenon of geophagy has always been characteristic of humans and many
animal groups. However, in mammals and humans, geophagy is and has always been far
from ubiquitous. The real extent of the spread of this phenomenon among humans only
became apparent in the middle of the 20th century, after all the ethnographic descriptions
of the peoples of the world and their inherent food and cultural peculiarities had been
generalized [1-5]. From these data it is clear that the phenomenon of geophagy was
found not so long ago among practically all peoples of the world, but was particularly
widespread in some areas of the near-equatorial zone of the Earth, including both continents
of the Americas, Africa, the south of Eurasia, the islands of Oceania, Australia and New
Zealand. Archaeological excavations of ancient human burials in Africa and South America
have shown that the historical roots of geophagy traditions go back many thousands of
years [6-8].

The geophagic habits of many indigenous peoples in the equatorial zone of the Earth
are still preserved today. As for the middle and high latitudes, geophagy has persisted
there almost exclusively in animals. In humans, this phenomenon is registered only in
the form of a peak among migrants from the tropics, where geophagic traditions continue
to persist.

It should be emphasized once again that geophagy in humans (as in all mammals)
has never been widespread and has never covered the entire population in any area. As
B. Laufer noted, “geophagy is not a universal phenomenon in any particular tribal or social
group” [3], p. 103. As a factual confirmation of this conclusion, we can cite data from
the work of A.S. Wiley and S.H. Katz [9]. On the basis of various ethnographic sources
on Africa, the researchers identified 60 indigenous populations with different attitudes
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towards geophagy in pregnant women. In 10 of them, geophagy was almost universal, in
28 common, in 6 low frequent, in 7 very rare and in 9 there was no geophagy at all.

The most extensive areas where geophagy has been prevalent and where the phe-
nomenon continues to be recorded are in the equatorial zone of the Earth. In Africa, for
example, geophagy often covers thousands of square kilometers in both lowland and
mountainous areas. In the middle and high latitudes, geophagy in animals is found mainly
in mountainous areas and only in local territories. In this case, we are only talking about
mammals; the group of cloacal animals with muscular stomachs is not considered in
this article.

In assessing the prevalence of geophagy in humans, it is important to note that areas
where this phenomenon was typical in the past often remain areas of mass geophagy in
domestic and wild animals. As a typical example of this situation, Maasai pastoralists in
Tanzania have been observed to lead their herds several times a week to places where the
animals can consume earthy substances. These places are also actively visited by wild
animals [10]. Often the places where wild and domestic animals go to consume earthy
substances are also the places where people get “edible” earths. Descriptions of such facts
are often found in studies of geophagy and manifestations of pica in humans.

Another example of spatial overlap between geophagy in humans and wildlife comes
from a recent study in South India (Tamil Nadu). Exploratory surveys on the prevalence of
pica were conducted with adult females from five villages [11]. It was found that unripe
mango, ash and earthy substances were the most important non-food items and substances
consumed by pregnant women in the area. A second study in the same area of India [12]
showed that pica usually occurs long before pregnancy and is most commonly associated
with childhood. In this case, children eat earthy substances and charcoal. Four interviewees
stated that women of all ages living in the area were prone to geophagy.

Marakkanam Reserved Forest, also in Tamil Nadu, is home to endemic macaques
(Macaca radiata), which occasionally consume soil from termite mounds. In August 1991,
J. Voros et al. [13] analyzed soil samples from three termite mounds used by macaques
and three samples of surrounding soils as controls. Clay minerals in all samples included
halloysite, illite, smectite, vermiculite and chlorite, with a significantly higher content of
smectite in the termite samples. Crystalline impurities included quartz, mica and feldspar.
REE distribution spectra in samples from termite sites and in control samples had similar
curve shapes with a characteristic cerium anomaly, which the researchers attribute to the
presence of alluvial monazite in all local soils and subsoil horizons. The authors explained
the consumption of termite clays by a possible desire of the monkeys to eliminate gastric
disorders during the period of eating large quantities of ripe fruits.

An interesting fact of geophagy in local animals was also observed by a group of
Indian biologists near the Sokkanathapuram village [14]. This is relatively close to the area
where C.D. Placek and E.H. Hagen conducted studies [11,12]. The biologists observed the
earthy substances being eaten by frugivorous bats. The researchers hypothesized that soil
minerals are needed by bats to detoxify harmful organic matter contained in the ripe fruits
and leaves of some trees, which make up the bulk of these animals’ diet at this time of year.

Our analysis of the geological map of Tamil Nadu (Geological map of India M
1:5 00,000,0, 1993, the map is freely available on the Internet) with georeferencing of all
cases of geophagy described above has shown that all of them are confined to the outcrops
of a vast massif of charnokites—metamorphic rocks enriched in REE, which are concen-
trated mainly in two minerals, monazite and orthopyroxene [15]. The long weathering
process of these rocks in the neighboring state of Kerala with alluvial transport of monazite
sands to the sea coast led to the formation of one of the world’s largest REE placer deposits
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in the Chavara-Neendakara area. We will return to the issue of REEs in southern India and
their source—charnokites—but for now we will move on to another topic.

2.2. Mineral, Chemical and Particle Size Compositions of “Edible Earths”

As the analysis of publications on the material composition of “edible” earths in
different regions of the world shows [7,16-26], the vast majority of them are fine-grained
products of chemical weathering of a variety of rocks ranging from ultramafic to felsic.
In terms of particle size distribution, “edible” earths are most often represented by clay
and clay-silt particles, but sometimes there are varieties with the predominance of the fine
sand fraction. Their color, according to the evaluation of a collection of 402 samples [27],
can vary from bright white to light yellow, orange, red, reddish brown, purple, dark grey,
black, blue and light green. In terms of mineral composition, they are most often mixtures
in varying proportions of secondary clay minerals and primary igneous crystals, with
quartz and feldspars usually predominant. The nature of the clay minerals depends on the
material composition of the original rocks and the climatic peculiarities of their weathering.
Representatives of the kaolinite (kaolinite, halloysite), smectite (smectite, nontronite) or
hydrous mica (illite, vermiculite) groups may dominate in the composition of clay minerals.
Calcium and magnesium carbonates, mica (biotite, muscovite), low temperature and
biogenic silica (chalcedony, diatomaceous earth), iron (goethite, hematite) and aluminum
(gibbsite) oxides and hydroxides, zeolites and talc are found as significant impurities, while
impurities from volcanic glasses, crystals of pyroxenes and amphiboles are less common.

The chemical composition of “edible” earths is always dominated by silicon and
aluminum, sometimes with comparable proportions of calcium and magnesium. There are
“edible” earths with significant amounts of iron. Sodium and potassium are usually low
in edible earths. Titanium, manganese, strontium, barium, zinc and copper are common
trace elements. Lead, arsenic and cadmium are sometimes elevated. The levels of other
trace elements are usually quite insignificant. Organic matter in “edible” earths is usually
not very high either, no more than 2-3%. In some cases, however, people consume almost
pure carbon in the form of charcoal as a substitute for typical “edible” earths. Why they
consume charcoal will become clear in the text below.

2.3. Which Population Groups Are Characterized by Geophagy; In Which Form and in Which
Quantities Are Earthy Substances Consumed?

Another study by S. Young, co-authored with J. Miller [28], in an attempt to understand
the cause of geophagy, provides an analysis of extensive data from published sources as
well as the Pica Literature Database. This analysis shows that geophagy is most common
during pre-adolescence and pregnancy. Geophagy in children has been most extensively
studied in sub-Saharan Africa. In this region of the world, the prevalence of geophagy has
been estimated to be 47% among schoolchildren [29] and 74% among students [30]. In most
males, the habit of geophagy declines rapidly between the ages of 5 and 18 [31]. In women,
geophagy always increases dramatically during pregnancy [27]. It is most pronounced
in the first trimester and gradually decreases in the second and third trimesters, with
complete resolution after delivery, although there are exceptions [24,32,33]. Cases of morbid
conditions in which people develop an uncontrollable desire to eat earthy substances have
also been described [34].

According to studies by different authors in African countries [35-37], the prevalence
of geophagy among pregnant women in Namibia, Uganda and Malawi ranges from 82 to
88%. The same studies showed that the main types of “edible” earths were pure clay or
enriched with clay minerals, including those from termite sites. In Namibia, the average
daily intake of clay soils is about 150 g; in Malawi, about the same amount is consumed
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per day with a frequency of intake ranging from two to several times; in Uganda, the daily
dose is about 50 g.

Extremely interesting research that sheds some light on the culture of geophagy among
the typically African tribe of Chaggas living on the slopes of Mount Kilimanjaro in Tanzania
is given by ].W. Knudsen [38]. The researcher, a native of Tanzania and a Bantu speaker,
reports that for the women of the Chaggas tribe, the culture of geophagy is part of a secret
knowledge accumulated through practice. Living on the volcanic soil of Kilimanjaro for
centuries, many Chaggas women have had several healthy children, even if the pregnancies
are consecutive. The women the researcher spoke to claimed that such fertility results
were due to the practice of geophagy, which is said to improve the blood and increase
blood volume, which is essential during pregnancy. Geophagy is practiced by women
regardless of social class, education or economic status. The consumption of “edible” earth
is not publicly displayed, but neither is it particularly hidden. Many respondents claimed
that geophagy cures morning sickness and provides a sense of well-being, especially
during the first trimester of pregnancy. There is a strong emotional relief from eating earth,
comparable to the satisfaction of sexual intercourse. The researcher felt that this knowledge
of self-medication did not require the intervention of modern medicine.

Studies conducted in urban Europe in the context of people migrating from areas
where geophagy is prevalent demonstrated that many migrant women continued to hold
on to practices and beliefs about pregnancy that had been passed on to them by previous
generations of relatives in their countries of origin [39-41].

For example, in a study with Cameroonian women in London, one participant reported
that when her mother found out that her daughter was pregnant, she sent her clay, the
same clay that she used to buy at the market in Cameroon and eat. She also said that
she did not like the clay sold at the London markets, as it did not taste at all like the clay
from Cameroon [42].

Somewhat similar, but somewhat different results were obtained in a survey of
geophagy practices in northern India [43]. Among other things, it was shown that geophagy
is common across all age and social groups, and that the quantities of earth consumed
are sometimes quite substantial. The main motivation for its consumption in humans is a
strong craving. The most common self-reported positive effect of geophagy was a sense
of relief.

People extract “edible” earth from a variety of places, digging in the ledges of river
terraces, in dug quarries on plains and hillsides. Where possible, they choose clays. If clay
is not available nearby, people often travel many kilometers to find it.

In Africa, as elsewhere, the collected “edible” earths are specially treated before
consumption. For example, D.E. Vermeer [44], p. 61 describes their preparation by the
Tiv people of Nigeria as follows. First, the extracted earthy mass is placed in water; sand
and iron oxide crusts are removed; then it is dried and sifted. The fine material is soaked
in water again and made into a doughy mass from which clay cakes are molded. These
are dried in the sun for several days. According to D.E. Vermeer, pregnant women could
consume up to 300 g of this clay per day. In the three villages studied, Vermeer estimated
the annual production of such cakes at around 300-400 tons.

In parts of Africa and India, “edible” earths from termite mounds are highly valued.
As described in Ghana [35,45], earth from termite mounds is consumed by between 34
and 68% of rural women. A.R.P. Walker et al. [46] found that the practice of consuming
earth from termite sites is also widespread among rural women in South Africa. In western
Kenya, about 50% of women consume earth, with half of them preferring material from
termite sites [47]. Some women interviewed in a study by Francoise [48] reported that the
easiest way to consume earth from a termite site is to break off small pieces from the termite
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mound, chop and eat. Van Huis [45] found that pregnant women often consumed such
earths at 30 g three times a day.

2.4. Review of Existing Hypotheses on the Causes of Geophagy

The causes of geophagy have been discussed by many researchers for at least two
hundred years, but until recently there were no clear signs of unravelling the main cause
of this phenomenon, which could unite all its manifestations throughout the world. One
of the most detailed attempts to summarize everything that has been done to solve the
causal question belongs to S. Young et al. [27]. The authors base their conclusions on the
analysis of 367 publications on the study of the geophagy phenomenon, identifying 4 most
promising hypotheses proposed at different times by different authors.

The first hypothesis, conventionally referred to as the “mineral” hypothesis, suggests
that people eat soil to make up for the lack of minerals in their diet, especially iron and
zinc [49-51], as well as calcium [9]. Analyzing the entire literature on the mineral hypothesis,
S. Young et al. [27], citing data from the US Institute of Medicine, rightly pointed out that
if geophagy is a response to mineral deficiency, pregnant women should consume soil
in the late rather than the early stages of pregnancy, when the need for minerals is the
greatest. In the early stages of pregnancy, women need less iron than they do in normal life
with regular menstrual blood loss. In late pregnancy, women'’s iron requirements actually
increase dramatically due to fetal development. Calcium requirements are also lower in
early pregnancy. The maximum requirement for this element for fetal development is also
in the third trimester. Zinc requirements do not change significantly during pregnancy.

A literature review conducted by S. Young and colleagues [27] to investigate the
ability of “edible” earths to supply iron, calcium and zinc to the human body [52-58]
demonstrated that the amount of these elements in the consumed soils is highly variable
and, in most cases, the ingestion of clay substances interferes with their absorption. A
number of experiments on rats [56,57,59] came to a similar conclusion: clays interfere
with the absorption of the cations in question, and their consumption may even cause
deficiencies of these elements in the body.

The second hypothesis is the “protection” hypothesis. It suggests that clay soils, when
ingested, can alleviate toxicosis associated with pregnancy or with various toxic substances
in plant foods, or toxins produced by parasites and other pathogens. This hypothesis
suggests two mechanisms by which “edible” clay soils can protect the body. First, they
may strengthen the integrity of the intestinal mucosal layer, which acts as a biological
barrier between ingested materials and the internal environment [60], and second, they
may adsorb and eliminate pathogens from the intestine [61-64]. However, when both
mechanisms are realized, the absorption of beneficial substances, including dietary iron, is
inevitably compromised [65].

Similar protective effects against endo- and exotoxins have been attributed to charcoal,
which is commonly prescribed in cases of childhood poisoning [66]. Experiments in rats
show that charcoal is even more effective than kaolin in adsorbing endotoxins [67], which
may explain why humans and some primates consume charcoal [68,69]. As will be shown
later, charcoal is also an effective sorbent for a number of important micronutrients, as
discussed below.

The third hypothesis is “therapeutic”, suggesting that geophagy should be associated
with gastrointestinal diseases. In this case, smectite and kaolinite may provide protection
against the development of ulcers in the gastrointestinal tract [70]. These ulcers occur when
there is an imbalance between the production of substances such as gastric acid or pepsin
and the mucosa with its protective layer of mucus. Smectite and kaolinite can bind free
hydrogen ions as well as bile acid salts and enzymes such as pepsin. Smectite may also
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have an additional effect on mucosal ulcers by reducing the production of interleukin-13
by monocytes and macrophages, which may lead to a reduction in inflammation [60].

The fourth hypothesis, which S. Young et al. [27] called the “non-adaptive” one, is
related to hunger. We prefer to call it the “mental” hypothesis. Geophagy may be associated
with a general maladaptive state of the psyche, even in cases of starvation. As noted above,
people who consume “edible” earth may develop an uncontrollable desire to eat soil and
other nonfood substances [34].

It has long been known that pica, including geophagy as a variant, is common among
intellectually disabled and people with mental illness in appropriate treatment hospitals.
This fact seems to suggest that intellectually disabled people sometimes cannot distinguish
between edible and inedible substances, but a study conducted in the United States showed
that such people are quite selective about what they consume, while often being aggressive
in their search for necessary inedible substances when they cannot find them [71].

It should be noted that there are currently no clinical guidelines for the assessment or
treatment of Pica syndrome [72]. Known etiological theories associated with pica include
gastrointestinal disorders, micronutrient deficiencies, neurological disorders, and obsessive
compulsory disorder [73].

Another form of the “psychic” component of geophagy is the consumption of earthy
substances associated with magical rituals, be they religious rituals, faith-based efforts to
cure illness, or occasions related to the pronouncement of vows [5].

2.5. The Relationship Between Geophagy and Landscape REE Anomalies

To demonstrate convincingly that there is a link between geophagy and landscape
REE anomalies, we turn to the published data on the territories of two African countries,
Cameroon and Nigeria. We chose Cameroon because it is the only country in Africa
for which a more or less detailed map of REE distribution in soils has been compiled.
In addition, a relatively large amount of work has been done in this area to study the
chemical composition and human consumption of “edible” earths. As for Nigeria, this
country is adjacent to Cameroon and has similar rocks and soils, but in a different ratio.
While volcanic and ancient metamorphic rocks predominate in Cameroon, Nigeria has a
significant proportion of Mesozoic sedimentary rocks and modern alluvial deposits (river
alluvium covers large areas in the Lake Chad region and the Niger River valley). Nigeria
also has one of the richest histories of geophagy research on the African continent.

First of all, let us locate the main areas of active geophagy in Cameroon and the
characteristics of the “edible” earths consumed in its territory, according to the analysis of
relevant publications.

Information on the location of the main areas of geophagy and the characteristics of
the “edible” earths were obtained from [26,74-76]. Some important nuances on the geology
of Cameroon were found in [77]. The information about the distribution of rare earth
elements in soils throughout the country can be found in the remarkable, one could say
unique, work of ].P. Temga et al. [78].

There are three well known areas of extraction and consumption of ‘edible’ earths.
The first area, called Sabga, is located 16 km east of Bamenda. The whole range of volcanics
from rhyolites to basalts is distributed in this area. Clays are extracted from the weathered
crust of trachyte (alkaline rocks of intermediate composition) on the slopes of Bamenda.
The major clay minerals are smectite (49-60%) and kaolinite (4-6%). The primary crystals
are quartz (19-34%) and feldspar (6-12%), with significant admixtures of goethite (3—6%)
and hematite (1-3%). The average particle diameter varies from 2 to 9 microns. In the
chemical composition of argillaceous rocks, the share of iron is significant (4.42-7.65%).
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Among the trace elements, the contents of Zr, Nb, LREE, Y and Zn are increased. The clay
is partly consumed by local people, but more is supplied to markets in Nigeria [26,76].

The second area where people from local villages and towns extract and consume
“edible” earth called Ediki. The earth is extracted from a railway excavation and is described
as an overdeposited silty loam consisting of (in decreasing order of proportion) quartz,
kaolinite, mica, microcline, goethite, hematite, anatase, and ilmenite crystals. Quartz of
mudstone dimensions is the major component in all samples, while kaolinite content ranges
from 7 to 14%. Kaolinite was formed by the weathering of potassium feldspars [74]. The
chemical composition of trace elements was not described.

The third area of extraction and consumption of “edible” earths is Moco. These earths
are predominantly yellowish in color, muddy and highly plastic. Their pH varies around 5.
The mineral composition is in decreasing order: kaolinite, quartz, mica, microcline, goethite,
followed by anatase, smectite, hematite, gibbsite in comparable proportions [75]. The clay
is consumed by the local population. The chemical composition is also not studied in detail.

This areas of extraction and consumption of “edible” earths in Cameroon are limited
to the area with the highest population density, and soils with anomalously high REE
contents are also mapped there [78]. It should be noted that high REE contents in soils
always coincide with areas of high levels of these elements in vegetation and usually in
groundwater, which in Africa is often used by the population for drinking.

Let us now look at some data from [78] on the REE content of Cameroonian soils and
the peculiarities of soil enrichment with them. It is important to note that the rock and
soil varieties identified in Cameroon are not restricted to Cameroon, in fact, the whole set
of rocks and soils characteristic of the entire tropical climatic zone is represented in this
country. The soil maps presented in [78] are the result of 604 soil samples collected by thirty
collectors throughout Cameroon. The total sampling area was 475,000 km?. Inductively
coupled plasma mass spectrometry was used to determine the chemical element content of
all samples, including all representatives of the REE group. The results show that the REE
content of soils can vary from extremely low to extremely high. Total REE values vary from
0.482 to 5926 mg/kg (five orders of magnitude!) with a median value of 297.42 mg/kg.
The total median values of REE, LREE and HREE sums are 297.42, 275.11 and 22.31 mg/kg
respectively. Such a large variation in REE content reflects the geological and landscape-
climatic diversity of the Cameroonian territory, and indeed of Africa as a whole. This
means that soils with both extremely low and extremely high REE contents can be found in
Africa. Furthermore, the average REE content of soils in many regions of Africa is much
higher (often many times) than that of soils in any other country in the world.

For comparison, the mean values of total REE (mg/kg) in soils of China are 154.6 [79];
Malaysia, 154.51 [80]; Europe, 125.28 [81]; Australia, 104.83 [82]; Brazil, 100.81 [83]; Cuba,
74.19 [84]; Sweden, 89.60 [81]; and Russia, 98.61 [85]. In some areas of Russia, particularly
in Yakutia and along the western shore of Lake Baikal, average REE levels in soils can be
less than 30 mg/kg [86]. Even lower average REE levels in soils (15 mg/kg) have been
found in some areas of Germany [87].

In Cameroonian soils, depending on the type of parent rock, the total REE content
decreases in the following order: alkaline igneous rocks (nephelinite, syenite) > carbonatites
> basic igneous rocks (alkaline basalts), which are comparable to ancient metamorphic
rocks (crystalline schists, amphibolites, gneisses), followed by Quaternary alluvium and
acidic igneous rocks. Regardless of the rock type, the REE content increases from fresh to
highly weathered. The lowest REE contents in the soil profile occur in the upper horizons,
especially in the thickest weathered crusts, which are characteristic of all humid tropical
forests, regardless of the type of underlying rock. Such areas in the tropics dominated by
thick weathering crusts, often tens of meters thick, can be very extensive. They include the
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central and lower parts of the Congo and Niger river basins in Africa and the Amazon in
South America.

As will be shown further, the most important indicator of REE-related soil quality
for us is the content of bioavailable forms of HREE in soils. As we know, the largest
HREE deposits found in China are of the ion adsorption type and are restricted to lateritic
soils [88]. In Cameroon, the highest HREE enrichment values are also confined to lateritic
soils formed mainly on ancient metamorphic rocks of the charnockite series, amphibolites
and organogenic limestones with total mean values of 115.60 mg/kg, 79.63 and 82.98,
respectively [78].

Let us now briefly review the situation in Nigeria. Various aspects of geophagy
have been very actively studied in this country since the mid-1960s, and interest in the
subject has grown over time, as evidenced by the impressive but not complete list of
publications [17,89-100]. According to these authors, geophagy is widespread among
different populations living in Nigeria. As elsewhere in Africa, children and pregnant
women are the main consumers of “edible” earths. Pregnant women, who are the main
users, consume an average of 20 g per day as needed. Such soils are extracted from both
natural outcrops and termite mounds. According to [101], many “edible” earth extraction
sites are also visited by domestic and wild animals. Most of the clay earthy substances
used for human consumption in Nigeria are mined in the river valleys. Laboratory studies
of such earths show that kaolinite is the dominant clay mineral. Halloysite, nontronite,
palygorskite and illite also occur. The kaolinite content varies from 38 to 72%, quartz from
8 to 40%, with the remainder being feldspars, iron and aluminum oxides. The pH of the
consumed clay earths ranges from 2.76 to 7.2.

J.V. Smith et al. [102], citing other authors, reported that there are about 14 million
cattle in Nigeria and they are kept in the savannah zones in a pastoral and grazing pattern.
Geophagy is unusually common among the animals in the pastures, they mostly eat sand,
sometimes clayly termite mounds. The researchers tried to determine the cause of geophagy
through chemical analyses of samples of plant food and soil consumed by the animals. The
only conclusion they came to was that the animals probably lacked phosphorus.

According to S.M.A. Adelana et al. [103], about half of Nigeria’s territory consists of
metamorphic gneiss-migmatite and crystalline schists of the Archaean basement, intruded
in places by Jurassic granitoids and Paleogene-Neogene volcanics of contrasting composi-
tion, similar to those described above in Cameroon. The rocks of the ancient basement are
intruded in places by REE-enriched charnockites (we mentioned such rocks in India above).
The vast valleys of the main rivers, the Niger and the Benue, divide the country into three
roughly equal parts. Along these valleys are basins filled with Jurassic to modern sedimen-
tary rocks. An ore-bearing zone of sulphide Sn-Ta-Nb mineralization extends along the
ancient basement from the southwest through the central part to the northeast of Nigeria.
Jurassic granites also contain rare metal-polymetallic sulphide mineralization associated
with REE, U and Th-bearing minerals (monazite, zircon, pyrochlore, thorite, fergosonite).

Based on the geological data given, we should expect a range of soils in Nigeria with
REE distributions close to those found in Cameroon. Since the climate in this country is a
humid tropical one, there should be both positive and negative anomalies of REE contents
in soils in this area. Moreover, the areas where there should be a severe deficiency of REE
in soils should be much more extensive than in the territory of Cameroon, especially in the
Niger estuary, where there are thick layers of highly weathered loose sediments washed
by acidic meteoric waters. The Niger estuary and the Congo estuary are undoubtedly the
most extensive areas in Africa with the least REE-rich soils. The consequences of this will
be clear from the text below.
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2.6. Linking Geophagy to Geochemical Endemic Diseases

According to the analysis of published data, geophagy was often associated with one
or more diseases among the informants interviewed. The most common of these diseases
in Africa are anemia, including sickle cell anemia, digestive disorders, and various forms
of mineral metabolism disorders (rickets, osteomalacia), with fluorosis of the skeleton and
podoconiosis occurring in some areas. In northern India, the desire for geophagy is often
associated with blood disorders, digestive disorders, gall and kidney stones, fluorosis of
the teeth, and skeletal pathologies. According to W. Laufer [3], among the cannibals of the
island of New Zealand, geophagy was always combined with the consumption of human
flesh. This seems to be a fact that has no connection with any disease, but only at first
glance. Why this is so will become clear in the following text. Cases of compulsive eating of
earthy substances, combined with depression, abdominal distention, characteristic pallor,
and worsening weakness, always ending in death, were widespread among black slaves in
the New World. In the United States, such a disease was called “cachexia africana” [104].
Later, EW. Cragin [105] concluded that the tendency to earth-eating was a consequence
rather than a cause of this disease. A similar symptomatic disease called endomyocardial
fibrosis was not described in Africa until 1947 [106].

2.6.1. Endomyocardial Fibrosis

Endomyocardial fibrosis (EMF) is characterized by the development of fibrous tissue
(collagen and elastin) in the endocardium and heart valves [107]. In some patients, fibrosis
also develops in the skeletal muscles, leading to their atrophy [108]. The disease is most
characteristic of the tropical forest zone, with a predominantly rural population. Most cases
have been reported in Africa (Uganda, Cote d’Ivoire, Nigeria, Mozambique), India, and
South America (Brazil and Colombia). A large number of reports of EMF disease have also
been identified in China, in Guangxi Province [106].

More than half of all EMF cases are diagnosed within the first ten years of a person’s
life [109,110], with a second peak incidence occurring in women of childbearing age [111].
The preponderance of cases in adult females was found in Uganda, but more males were af-
fected in Mozambique. In other studies, both sexes were equally affected [106,110,112,113].
There are reports that the disease is common among migrants. For example, in Uganda,
immigrants from the neighboring countries of Rwanda and Burundi were found to be
the most common among patients [111], while in Mozambique, the highest incidence was
found among rural inhabitants of the coastal marine zone [114]. This fact is of particular
interest to us because, according to Barakos et al. [115], one of the large alluvial deposits
of Congolese monazite is located on the coast of Mozambique. Why this is important will
become clear in the following text.

It is believed that the cause of EMF has not been conclusively determined. In the
1980s, a group of health workers from India conducted studies of heart tissue and blood
samples from diseased individuals that showed elevated cerium and low magnesium levels
compared to control subjects [116,117]. After studying the prevalence of EMF in the state of
Kerala in southern India, researchers found that most cases were concentrated in areas with
high monazite content in the soil. As a result, it was hypothesized that endomyocardial
fibrosis is caused by a combination of elevated dietary cerium levels and magnesium
deficiency [116].

The geochemical hypothesis of the origin of the disease was attempted to be tested by
C.C. Kartha et al. [118] in experiments on rats. The result also showed the accumulation of
Ce in the heart tissue. Another important observation for us, made by Indian researchers,
was that the consumption of earthy substances was common among children in Kerala [118].
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It should be noted that in the southern states of India with EMF disease, there is
a link with animal geophagy. In Kerala, the existence of places visited by wild animals
(deer, wild boar, and elephants) to consume earthy substances has been described, par-
ticularly in the Chinnar wildlife sanctuary [119]. The wildlife sanctuary is located in the
Western Ghats mountain range on the border between the states of Kerala and Tamil Nadu
(Figure 1A). Chinnar wildlife sanctuary is dominated by Precambrian metamorphic rocks,
predominantly charnockites, the same rocks that are enriched in REEs, most of which are
concentrated in monazite [15].

As can be clearly seen in Figure 1A, rivers flow from the mountains in the Chinnar
wildlife sanctuary area towards both the state of Tamil Nadu and the sea coast of Kerala.
As mentioned above, thick placers of ilmenite-zircon-sillimanite sands with high monazite
content are found in the coastal zone of Kerala. All the river valleys along which the weath-
ering products of charnockites have been transported are also filled with sands containing
monazite. Locations of monazite in soil samples are shown in Figure 1B. According to
Kutty et al. [120], numerous cases of endomyocardial fibrosis have been reported among
local residents along the banks and mouths of the transit rivers (Figure 1C). The study of
the chemical composition of some forage plants, as well as a number of lianas and palm:s,
conducted in a number of residences of EMF patients revealed elevated levels of REE in
them. The content of cerium in cassava tubers was 6 times higher than the local background,
and in Dioscorea liana, 15 times higher [121].
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Figure 1. (A)—Topography and river network in Kerala with the location of Chinnar sanctuary;
(B)—Distribution of monazite sand (black dots); and (C)—Locations of 300 EMF patients (red dots) in
Kerala (adapted from [122]).

A similar picture of EMF disease association with REE-enriched soils in Africa has
only been found in Uganda [107]. Coincidently, the practice of geophagy is very common
among the local population in Uganda [123]. In Uganda, W. Smith et al. 1998 [107] surveyed
rural areas near the capital city of Kampala and collected soil samples, drinking water
samples, and samples of the most important fodder crops grown by the local population
for food. Water was collected from hand-dug wells, boreholes, and natural springs. The
soils in the study area overlie Precambrian metamorphic rocks (mainly granitogneisses
and crystalline schists). Unfortunately, the whole REE spectrum was not analyzed in the
collected materials, but only cerium and partially lanthanum, so we can only indirectly
assess the content of other REE elements in the samples. According to the data of chemical
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and microprobe analyses of the soils, it was found out that most of Se and La in them are
contained in the fine fraction (about 20 microns). Judging by the chemical composition of
individual particles examined by microprobe, the major REE minerals are not monazite, but
some secondary, possibly aqueous phosphates or carbonates. In plant samples, elevated
Ce concentrations were found in batata and cassava. The highest Ce concentrations were
found in beans and green leaf plants, including tea. Ce concentrations in water samples
ranged from less than 0.01 to 6.1 pug/L with an average of 0.29 ug/L, which is close to
the average content of this element in the water of major rivers of the world [124]. The
Ce indicator in water of 6 ug/L corresponds to waters with high sum of REE (from 15 to
20 pg/L), which is hundreds of times higher than the norm for drinking water. At the same
time, Ce concentrations in water samples decrease in the following order: hand dug wells—
springs—shallow wells—deep wells, which indicates that the main part of REEs is brought
from underground horizons. The attempt made by B.G. Rawlins et al. [125] to estimate the
bioavailability of cerium in the composition of local soils for humans by means of special
laboratory tests showed that the highest bioavailability (24%) is observed in fractions from
1 to 20 microns. Again, the only complaint is that the researchers limited themselves to the
determination of only a few RE elements. As shown by Chinese researchers [126], soils
formed on the basis of mafic or metamorphic rocks with a high content of mafic minerals
are often characterized by enrichment with RE elements of the heavy subgroup.

Based on the results of studies conducted in Uganda on the association of EMF with
REE and geophagy, the situation is typical of many countries in Africa. Our comparison of
countries in Africa where EMF diseases are prevalent according to [106] with areas where
geophagy was historically prevalent in humans showed good convergence is shown in
Figure 2. We used the map of geophagy prevalence in Africa from Henry and Cring [127].
We will draw conclusions from the information presented at the end of the article.
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Figure 2. The incidence of EMF diseases in African countries according to [106] and the prevalence of
geophagy in humans (adapted from [127]).

2.6.2. Sickle Cell Disease

Sickle cell disease (SCD) is an inherited blood disorder in which the structure of the
hemoglobin protein is disrupted, resulting in a characteristic sickle shape, hence the name.
The disease is associated with a mutation in the gene encoding the (3-chain of the major
type of hemoglobin A, resulting in the synthesis of abnormal hemoglobin S (HbS), in
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which the sixth position of the 3-chain contains valine instead of glutamic acid. Under
hypoxic conditions, hemoglobin S polymerizes to form long sickle-shaped strands. Sickle
cell anemia occurs when a person inherits two abnormal copies of hemoglobin S, one from
each parent. A person with one abnormal copy usually has no symptoms of the disease;
such people are called carriers of abnormal hemoglobin. The red blood cells carrying
hemoglobin S have a reduced ability to carry oxygen, so SCD patients have increased
destruction of red blood cells in the spleen, increased hemolysis, frequent signs of chronic
hypoxia, and problems in the hematopoietic system.

It is important to note that under normal circumstances, carriers of the disease show
few symptoms. Newborns are usually quite healthy, have a normal weight, and develop
normally until about 3-5 months of age. The first signs of the disease in an infant are
swelling and pain in the hands or feet and some developmental delay with a refusal to walk
due to red blood cells clogging small capillaries. Women with SCD are able to carry and
deliver normal babies, but they have an increased risk of complications during pregnancy
that can lead to miscarriage, premature delivery, or worsening of the mother’s anemia.

It is almost impossible to describe a typical SCD patient, as the symptoms and their
severity vary widely. The anemia that accompanies the disease is caused by an accelerated
cycle of red blood cell destruction. Healthy red blood cells typically last 90-120 days,
while sickle cells last only 10-20 days. This makes the patient physically less enduring and
can cause yellow jaundice associated with excessive breakdown of hemoglobin, whereas
periodic blockage of small capillaries in any part of the body can lead to a wide range of
different symptoms.

SCD is particularly prevalent in malaria-endemic regions of the world because patients
and carriers of abnormal hemoglobin have an increased innate resistance to infection by
various strains of malaria plasmodium. This gives them an advantage over people with
normal hemoglobin in surviving in areas where malaria is endemic.

As of 2021, SCD affects about 7.7 million people worldwide, directly and indirectly
causing approximately 400,000 deaths annually. About 80% of SCD patients are believed
to live in sub-Saharan Africa. The distribution of abnormal hemoglobin (HbS) in Africa is
shown in Figure 3, adapted from [128].
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Figure 3. Frequency of abnormal hemoglobin (HbS) in Africa (adapted from [128]).

A 2006 WHO report estimated that in Nigeria, Africa’s most populous country, sickle
cell disease was found in 2% of newborns, or 150,000 children. Uganda has the fifth highest
incidence of SCD in Africa. The prevalence rate is 20% of the population. Interestingly,
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it is Uganda that is home to the Bamba people with a 45% rate of abnormal hemoglobin
carriers, which is the highest recorded rate in the world.

SCD disease occurs, although to a lesser extent, in parts of India, southern Europe,
western Asia, and in natives of these areas who have migrated to other parts of the
world [129].

A. Guimaraes et al. [130] investigated the association between the occurrence of pica
syndrome, including the consumption of earthy substances, and sickle cell anemia. A com-
prehensive literature search was conducted in MEDLINE (PubMed), Latin American and
Caribbean Center on Health Sciences Information (Bireme), and Google Scholar databases
from July 2017 to January 2024. A total of 1487 identified articles were analyzed, in which
pica syndrome in the study subjects was associated with irregular dietary patterns, with
increased symptoms of the disease, and with micronutrient deficiencies, particularly iron
and zinc.

Most of the identified studies found a positive association between sickle cell anemia
and pica syndrome, with zinc and iron deficiency identified as major contributors to
unusual eating habits. However, it remains unclear whether pica is a cause or a consequence
of these micronutrient deficiencies.

It is important to note that laboratory studies have consistently shown abnormalities
in patients with pica syndrome. For example, F. Ahmed [131] found that hemoglobin levels
were significantly lower in the pica group than in the control group (79.3 £ 18.3 g/L vs.
90.2 £ 28.0 g/L). M.N. Aloni et al. [132] and H.J. Kolthof et al. [133] noted a higher rate
of hemolysis in patients with pica syndrome, which explains the lower hemoglobin and
hematocrit levels in children with pica syndrome and SCD compared to those without
pica syndrome.

When interviewing patients with SCD, many researchers emphasize the state of anxiety
that can accompany women throughout pregnancy, potentially leading to maladaptive or
dysfunctional behaviors such as pica syndrome [134,135]. It has been suggested that pica
occurs during pregnancy as a way of coping with anxiety and stress. Complications in SCD
patients, such as preterm birth, low fetal weight and growth, have also been reported [136].
The general conclusion is that the consumption of non-food substances can be considered
as an attempt to meet the needs caused by the imbalance of some chemical elements in the
body. Psychological or emotional disorders have also been mentioned as causes of pica.

These facts clearly indicate a link between sickle cell anemia and the phenomenon of
geophagy. At the end of this article, we will present our view of why such a connection
exists and how it relates to rare earth elements.

2.6.3. Prion Diseases (Spongiform Encephalopathies)

Prion diseases, also known as spongiform encephalopathies (SEs), are a spectrum of
diseases with overlapping signs and symptoms that primarily affect the brain and nervous
system of mammals, including humans. The changes in the brain are expressed in a specific
pattern of neuronal death with the formation of many tiny holes, making the brain tissue
sponge-like, hence the name.

The characteristics of prion diseases include:

- Possibility of transmission from animal to human and vice versa;

- Long incubation period from 1 year to 20 years or more;

- Absence of symptoms for a long time after infection;

- At the initial stage of the disease there are no signs of inflammation or changes in
the blood;

- Extraordinary resistance of the pathogenic agent to physical and chemical influences;
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- Prions are believed to be involved in the development of mental disorders and my-
opathy [137];

- The mechanism of action of prions and their transformation from normal to pathologi-
cal forms remains unclear.

SE are unique diseases because their etiology can be genetic (hereditary), sporadic (not
hereditary) or infectious (through consumption of infected food or non-food substances or,
for example, blood transfusion). Most cases of transmission identified to date have been
infectious, with healthy humans or animals ingesting tissue from organisms with prion
disease. It is important to note that conventional sterilization methods, such as boiling or
irradiation of materials, do not destroy infectious prions.

Prion diseases in animals have been known for hundreds of years. For example, a
disease with SE characteristics in sheep called scrapie was discussed in the British House
of Commons as early as 1755 [138].

In humans, a disease with SE symptoms was first described by Alfons Maria Jakob in
1921 [139]. The most famous and massive case of human SE disease was described by the
physicians V. Zigas and D.C. Gajdusek [140] on the island of New Guinea. The fatal disease,
called “kuru”, affected Papuan cannibals, mostly children and women, rarely adult men.
It turned out that the tribe of about 35,000 people had a tradition of ritual cannibalism in
which only women and children ate the brains of enemies or relatives, which was associated
with a different incidence according to sex and age.

In 1978, a disease with characteristic symptoms of SE in the brain and a fatal out-
come was identified in deer and elk in Colorado (USA). The disease was called chronic
wasting disease (CWD) because of its external manifestations of weight loss and gen-
eral wasting [141]. Subsequent epidemiological studies have shown evidence of CWD
in free-ranging ungulates not only in Colorado but also in southeastern Wyoming and
western Nebraska.

The pure protein nuclein-free nature of the SE agent in the form of single species
molecules was discovered by S.B. Prusiner in 1982. He named the discovered protein as
“infectious prion protein” [142]. In mammals, such a protein can exist in two isoforms.
One of them, known as PrPC (from Prion Protein Cell), is a normal prion protein, which
has a helical shape and is most abundant in neurons and glia. In mammals this protein
plays an important role in the protection of neurons and glia from oxidative stress, is
involved in the regulation of intracellular calcium (Ca*) in neurons, is also involved in
copper metabolism, the maintenance of normal synaptic function and signaling in nervous
tissue, but its main function is related to the maintenance of diurnal rhythms in the body
(in all its cellular structures).

To date, prion proteins have been found in mammals, including humans, birds and
yeast; there is evidence for the existence of prion-like proteins in plants [143]. Obviously,
they should be present in all microorganisms, including prokaryotic forms.

The infectious prion protein, known by the abbreviation PrPSc (from the English
Scrapie), has a different external shape from the normal one; some of its helical domains are
straightened. This process of shape change is called conformational change and involves a
change in the spatial structure of the protein molecule, but not in its amino acid composi-
tion. In an organism infected with infectious prion protein, the process of accumulation
of conformationally altered PrPSc protein molecules is triggered by the reformatting of
PrPC molecules.

In the 1980s and 1990s, SE spread epidemically among cattle in the United States and
several other countries. This was due to animals being fed bone meal from slaughterhouses.
A decade later, as a result of human consumption of animal products containing PrPSc-
contaminated tissues, symptoms previously described as Creutzfeldt-Jakob disease (CJD)
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began to appear en masse in humans. Research confirmed the similarity of prions isolated
from CJD patients to those isolated from a cow killed by SE [144]. In the same years, it was
firmly established that PrPSc protein is present in almost all organs and tissues of infected
animals, with particularly high concentrations in the brain, spinal cord and bone marrow,
eyeballs, blood, spleen, endocrine glands, lymph nodes, muscle, intestine, liver and lungs.

Clinical signs of SE in humans usually include psychiatric problems such as depression,
confusion or memory problems, there may be persistent insomnia, lack of coordination.
In the later stages of the disease, severe mental impairment (dementia) is seen, and pa-
tients lose the ability to move and speak. The problem of treating prion diseases is still
unresolved [137].

In recent years, the problem of prion diseases in wild ungulates in North America has
been actively studied. Among those susceptible to natural CWD infection, white-tailed
(Odocoileus virginianus), mule deer (O. hemionus) and black-tailed deer (O. h. columbianus),
moose (Alces alces) and introduced red deer (Cervus elaphus) have been identified [141,145].
In Europe, PrPSc-type prions have been detected in free-ranging reindeer (Rangifer tarandus),
red deer and elk in Norway, Sweden and Finland [146-148]. South Korea reported CWD
in captive deer introduced from Canada [149]. It has also been shown that transmission
of infectious prions in animals can occur both vertically from mother to offspring and
horizontally through direct contact with sick animals or contaminated environmental
components [150]. During the preclinical, asymptomatic phase, PrPSc prions can be
detected in feces, urine, and saliva as early as 6 months after infection [151]. Symptoms
associated with late-stage CWD infection include wasting, excessive salivation, behavioral
changes, ataxia, depression, and weakness [141,145]. There is also evidence that PrPSc
prions associated with soil are more infectious, suggesting that soil may serve as both an
environmental reservoir and a transmission medium for CWD [152].

Relatively recently, a number of American researchers [151,153-155] came up with the
idea that ungulates can become infected with CWD by ingesting soil and water at natural
salt licks (we call them “kudurs”), which can be contaminated with infectious prions by
the secretions (saliva, urine, faeces) of sick animals. After exploring such ideas and studies
to test them, it became clear to us that there are many kudurs in CWD-endemic areas
in the United States. One such area of 23 km? with 11 kudurs, according to [154], was
studied in Rocky Mountain National Park (marked by us as a blue ring on the map from
the Internet: “CWD distribution in wild and captive animal populations in North America
as of 2023”). This map is shown in Figure 4. And since we already know that most kudurs
are concentrated in REE-anomalous landscapes, the CWD endemicity of such areas should
also be related, and most likely due to REE anomalies. Unfortunately, we were unable to
find the necessary geological information on CWD-endemic areas in the public domain.
From the article [154] we could only determine that in the studied area with kudurs, loamy
soils are distributed on ancient granitoids, gneisses and shales. In addition, we found a
small-scale map scheme with the location of REE deposits of different types in the world,
including the territory of the USA. A fragment of such a scheme from [156] for the USA is
presented in the inset of Figure 4. The presented information gives reason to consider our
hypothesis as very promising. In our previous article [157] we suggested that infectious
prion proteins, which can cause sporadic diseases in animals, are produced in bacterial cells
as part of the microflora of the digestive tract when there is a long-term excessive intake
of REE elements of the heavy subgroup. Having studied the problem of prion diseases in
more detail, we have changed our view. We now believe that infectious prion proteins may
well be present in the composition of the soil microflora at sites with REE anomalies. We
will discuss this issue in more detail in the final section of this article.
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Figure 4. Distribution of CWD in wild and captive populations in North America in 2023
(adapted from [158]), where the blue ring shows the location of the area with kudurs (adapted
from [154]). The inset shows the distribution of REE deposits in the USA according to [156] associated
with: 1—carbonatites; 2—alkaline rocks of various types; 3—modern and paleoslides; 4—clayey
weathering crusts.

3. Discussion

On the Incompleteness of the Theory of Immunity and the Special Role of Rare Earth Elements in
the Neuroimmune-Endocrine System of Animals and Humans

In the previous sections of this article, we have tried to summarize all the published
information on human geophagy, on the hypotheses proposed by different authors on the
causes of this phenomenon, as well as on the connection of geophagy with some areas
of already identified geochemical endemics, which are directly or indirectly associated
with REE-anomalous landscapes. By REE-anomalous we mean such landscapes, in the
components of which (in natural waters, soils and vegetation) the REE content is higher or
lower than the values at which the corresponding endemics in animals and humans caused
by such a factor begin to appear.

Our research experience in various aspects of geophagy spans 50 years. For the last
10 years, our studies have been conducted in different regions of Russia: in the expanses
of Yakutia [86], in the mountains of the Caucasus [159], southern Siberia and the Far
East [160-164], and especially in the mountains of the Sikhote-Alin [165,166], which we
carried out in connection with the verification of the “rare-earth hypothesis” we proposed
in 2015 [167]. This finally allowed us to establish the link between cases of mass geophagy
in wild and domestic animals and REE-anomalous landscapes. The analysis of published
information on the effect of various REE elements on the body of animals and humans,
based on experiments with laboratory animals and, in particular, on the use of REE in the
practice of industrial fattening of animals, allowed us to determine with high probability
the set of REE elements contained in the normal mammalian organism. It appears that only
La, Se, Pr, Nd, as well as Sc and Y are vital REE for this group of animals. The remaining
REEs, including representatives of the heavy subgroup, are pathogenic. Their presence
in the body of mammals (including humans), depending on which elements they are and
in what quantities, determines the type of endemic disease and the peculiarities of its
development. The pathogenicity of HREE is due to the fact that they can replace light REE
in various structures of the neuroimmunoendocrine system, but they cannot perform their
functions. This leads to disease. But not only that. Diseases are not always associated with
the substitution of vital REEs by their heavy analogs; there are cases when the amount
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of one or another vital REE element in the body is lower or higher than the thresholds,
beyond which normal functioning of the neuroimmunoendocrine system and consequently
the normal course of many metabolic processes in the body are impossible.

A very important and still poorly understood issue is the bioavailability of REE, i.e.,
the forms in which these elements can be assimilated by the body. It should be only
free ions as part of liquid phases or colloidal systems, or they can only be assimilated as
part of organomineral compounds. Analysis of published data on this issue shows that
organomineral REE compounds have the greatest assimilative capacity, but can also be
assimilated, albeit to a lesser extent, from easily soluble secondary REE minerals. Clearly,
the production of easily soluble secondary minerals and organomineral REE compounds
under natural conditions is only possible during long periods of chemical and biological
weathering of REE-enriched rocks. This explains the lack of direct association of landscape
REE anomalies with “fresh” rocks enriched in such elements and young volcanites, and
at the same time the presence of numerous landscape REE anomalies in the tropical zone
on ancient rocks enriched in REE-rich minerals. Since the most pathogenic of the REE are
elements of the heavy subgroup, it follows that at least a part of the geochemical endemism
related to geophagy is associated with them.

According to the data [78] discussed above when considering the soils of Cameroon,
the most intense HREE anomalies in soil in the tropical zone are concentrated on alkaline
rocks of basic and intermediate composition, on some metamorphic rocks of carbonate
formation, as well as on rocks with a high content of orthopyroxenes (rocks such as
charnokites and some others). The formation of landscape anomalies with an excess of
bioavailable forms of HREE at high latitudes is usually confined either to ancient weathering
crusts of the same rocks as in the tropics, or to local zones of hydrothermal activity of
volcanics of different ages and contrasting composition, mainly in areas of rare metal ores
with arsenic and sulphides. The latter is most common in mountainous areas in high
latitude climates.

In REE-deficient landscapes, the introduction of vital REE elements of the light sub-
group into the body seems to be possible not only from organomineral and easily soluble
mineral forms, but also from poorly soluble REE minerals. The absorption of REE in the
body from poorly soluble mineral compounds seems to be mediated by specific microor-
ganisms in the digestive microflora.

The geochemical hypothesis of endomyocardial fibrosis proposed by Indian physicians
finds more and more confirmation with time, but from our point of view we have managed
to see only a small fragment of that “iceberg” which represents the problem of the real
involvement of REE in the structures of organisms and the functions performed by them.
We are convinced that the main role in the occurrence of EMF diseases is not played by
cerium and magnesium, but by some elements of the HREE subgroup, which enter the
body of humans with drinking water and food (mainly vegetable) in the places where
they live.

The main hypothesis concerning the sickle cell anemia assumes a hereditary mecha-
nism of its spread, but nothing clear has been proposed about the cause and circumstances
of the occurrence of this disease. However, it is quite logical to assume that organisms living
for a long time in the same REE-anomalous landscapes should adjust to environmental
conditions at the level of genotype adaptation. That is why many migrants in Europe
and the USA, descendants of indigenous peoples from some countries of the equatorial
zone, often persistently retain geophagic habits in foreign lands, and in the second and
third generations. And the reason for this is not only cultural and behavioral stereotypes,
but first of all the requirement of the body, which is not genetically adapted to live in a
new different flow of rare earth elements passing through it. Moreover, migrants may be



Geosciences 2025, 15, 428

19 of 29

genetically adapted to both higher and lower levels of REE intake into the body in relation
to their level in the new place of residence.

Looking at a map of abnormal hemoglobin (HbS) occurrence in Africa (Figure 3), it is
clear that the maximum frequency of this indicator is concentrated at the mouths of the
largest rivers in Congo and Niger, both of which are located in the tropical rainforest zone.
These are the areas with the thickest weathering crusts and consequently the soils with the
lowest REE content. These areas have been inhabited by humans for thousands of years,
judging by the fact that they are now among the most densely populated on the African
continent. It is logical to assume that in these areas, due to their geochemical peculiarities
in terms of REE content, a genetic mutation of hemoglobin appeared at some point, which
took hold and began to spread throughout the world.

Landscape REE anomalies undoubtedly affect all types of animals, including soil
microorganisms, plasmodia, and viruses. It can be assumed that some of the representatives
of the most ancient life forms (most likely, these are some bacteria or archaea) initially use
prion proteins of PrSc type, the structural form of which differs from normal mammalian
prion proteins. If we accept this hypothesis, then the cases of sporadic forms of transmissible
spongiform encephalopathies found in the United States, northern Europe, and the island
of New Guinea are actually not rare. Diseases of this type are certainly widespread, and
their main foci among both humans and animals should be expected in the tropics. And it is
necessary to look for them first of all in areas of active geophagy. We also have no doubt that
SWD-infected animals can be detected almost everywhere where there are signs of mass
geophagy among animals. It can be noted here that we have repeatedly recorded external
evidence characteristic of CWD in red deer using camera traps at kudurs in different areas
of the Sikhote-Alin.

Why has geophagy proved to be the key to understanding the specific role of REE in
living systems? First of all, because this phenomenon is widespread throughout the world
and affects all groups of terrestrial animals, but especially herbivores, whose diet consists
of plants—organisms with the most diverse chemical composition, also in terms of REE. To
a lesser extent, geophagy is found in omnivores and even less so in carnivores. The main
significance of geophagy, as we defined it earlier [157], is the regulation of the composition
and concentration of REE in the neuroimmunoendocrine system, which is relevant for any
living organism. In landscapes that are deficient in essential REE, this regulation takes
place through the consumption of soil substances enriched in LREE. These can be not only
clay soils, but also pure sandy soils enriched with REE minerals. Animals sometimes even
eat LREE-enriched coal. In landscapes where there is an excess of HREE in groundwater
and vegetation, the only natural evolutionary way to regulate the neuroimmunoendocrine
system is to consume any natural sorbents that can remove excess HREE from the body.
Such sorbents may be mineral, organomineral or purely carbon-based. Mammals most
commonly use clay soils, zeolites, finely dispersed siliceous rocks, and less commonly
peaty soils and charcoal, choosing sodium-enriched substances whenever possible. In
REE-anomalous landscapes, sodium, like lithium, helps to alleviate the state of stress
in the body caused by imbalances in the neuroimmunoendocrine system. It should be
noted that in sodium-deficient landscapes, the search for sodium for animals, especially
hoofed animals, can take on an independent importance and become the main object of the
consumed mineral substances. Our research experience shows that cases of geophagy for
the sole purpose of finding sodium are much less common than it seems.

People living in REE-anomalous landscapes prefer clays (kaolinite, smectite, hydrous
mica) and choose those available to them. Sometimes charcoal, starch and other substances
with a sorption effect on HREE ions are used.
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In animals with muscular stomachs, the relationship with REE has its own peculiarities.
It seems that herbivorous birds smaller than a crow do not suffer from a deficiency of the
necessary REE in their organism, because such small animals have a negligible need for
such elements. However, the problem of excessive intake of HREE most certainly exists
and is practically widespread due to the small size of birds. The choice of sorbents to solve
such a problem is mostly limited to quartz and high silica silicates. The mechanism of
action of such sorbents in the bodies of birds has already been discussed [157]. In relatively
large birds a deficiency of LREE is possible, if we take into account the known cases of their
active consumption of clayey rocks in tropical forests of South America and Africa. We also
considered this issue in the previous publication.

Geophagy has accompanied humans throughout their evolutionary path, and since the
emergence of consciousness, a purely instinctive mechanism of regulation of the neuroim-
munoendocrine system began to change under the influence of intelligence and cultural
stereotypes. On the whole, geophagy in modern man is an echo, a trace of once dominant
instinctive forms of restoration of normal functioning of the body living in conditions of
significant pressure of an unfavorable geochemical factor.

Why is the evolution of the regulation of the chemical composition of living organisms
by means of geophagy specifically directed towards rare earth elements? In order to answer
this question, we need to take a look at some peculiarities of the neuroimmunoendocrine
system and the role of rare earth elements in it. But before we do so, let us look at another
layer of facts, this time from paleontology, which we believe are also relevant to the problem
under consideration.

As early as the 1980s, the study of well-preserved carcasses of ancient animals in the
permafrost of Yakutia, in particular Shandrin and Kirgilyakh mammoths and Churapchi
woolly rhinoceros, revealed a significant content of fine pelitic mineral fractions in their
digestive tracts [168,169]. The prevalence of geophagy among mammoths is also indicated
by E.N. Mashchenko [170] on the basis of his excavations of Pleistocene fauna in the area
of Shestakovsky Yar. However, the most interesting findings for us were made by S.V.
Leshchinsky [171]. His detailed studies of numerous bone remains of representatives
of the mammoth fauna show that in the late Pleistocene mammoths en masse showed
pathological changes in bones and teeth with characteristic signs of osteodystrophy. Such
signs in the bones included osteoporosis, osteofibrosis, osteomalacia, osteolysis, exostoses,
fractures with the formation of false joints and lesions of the articular surfaces (cartilage
atrophy, ulcers, peripheral erosions, friction grooves, etc.). In most cases, the various
destructions accompany each other, which, in the opinion of the author, indirectly points
to a common cause of their occurrence—mineral deficiency in the diet. It seems to us
that this is not a matter of mineral deficiency. This is most likely to be the case when
another ecological catastrophe occurs over vast areas, caused by powerful ashfalls as a
result of volcanic emissions of atomized chemically highly active ash material with a high
concentration of REE. For example, the Paektusan volcano in the northern part of Korea
was characterized by ash falls that covered large areas. Volcanic glass from Paektusan
magmas dispersed during eruptions, often transported over hundreds of kilometers, is
mainly represented by alkaline trachyandesites and pantellerites, which are characterized
by elevated REE contents [172]. The consumption by animals of vegetation with a residue
of such ashes inevitably leads to a sharp REE imbalance in the animal body. As a result,
the neuroimmunoendocrine system cannot withstand the load and a cascade failure of not
only mineral but also general metabolism begins.

Now for our version of the main role of REE in the neuroimmunoendocrine system.
At present, the main purpose of the immune system is described as the defense of the body
against the invasion by foreign living entities or their components. The mechanisms of this
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defense are limited to the recognition and destruction of uninvited biogenic “foreigners”.
However, some functions are performed by the innate component of immunity and others
by the acquired component. We believe that within the neuroimmunoendocrine system,
which is broadly unified and inseparable into three components, there is one more com-
ponent, the role of which is reduced to the recognition of chemical elements entering the
body (perhaps it is only metals), the control of their flows and their incorporation into the
corresponding spatial and temporal structures of the body (temporal because there is no
real space without time, any structures in the body are constantly changing in time). Let’s
call this component the “system of chemical defense of the body” (SCDB). This system is
most likely based on the unique physical and chemical properties of a number of chemical
elements embedded in various structures of the neuroimmunoendocrine system, including
membrane prion proteins. The main controlling chemical elements in the SCDB are the
rare earth elements, the part of them mentioned above as vital. They probably also include
selenium, iodine and a few others.

Some experimental data can be cited as facts indicating the controlling nature of the
REE influence on a number of metal atoms in the central nervous system of animals. For
example, it has been shown in rats that the use of water-soluble form of Y salts in the
diet [173] as well as La salts in the form of a dietary supplement [174] alters the distribution
of a number of trace elements (Ca, Zn, Mn, Fe, Ni, Co) in rat brain tissue, which, according
to the researchers, ultimately leads to changes in physiological functions. With regard to the
influence of REE on mineralization-demineralization processes, data from a US patent [175]
on the use of lanthanum for the treatment of a number of bone diseases, including osteo-
porosis, are worth mentioning, which show the enhancing effect of this element on the
processes of bone formation and bone density indicators, as well as on the differentiation
of osteoblasts. In addition, C. Knebel [176] showed in his thesis that the addition of low
concentrations of REE to pig feed results in a decrease in the calcium/phosphorus ratio in
the bones of the animals. According to U. Wehr et al. [177], REE supplementation in rat
diets can restore the loss of bone mass associated with postmenopausal osteoporosis.

Specialists in the study of prion diseases in animals have already produced data on the
character of the development of the disease in relation to the characteristics of the chemical
background on which it develops, which seems to be determined under the influence
of REE. For example, Mn has been found to increase the infectivity of scrapie protein
transplanted into mice in cultured cells [178], and a higher Mg/Cu ratio in the brains of
mice significantly increases the survival time of animals after intracerebral inoculation with
CWD [179].

It has already been shown that prions are proteins capable of adopting different struc-
tural conformations with significant functional differences, with at least one conformation
being self-sustaining [180]. Inherited prion conformations result in profound phenotypic
consequences that can be beneficial or detrimental, depending on both the genetic and
chemical background. The chemical background appears to be determined by the state
of the SCDB, primarily the state of the rare earth component in it, which depends on
the influx of a particular set of REE into the body from food, drinking water and the
dusty atmosphere.

Thus, developing our hypothesis, we once again draw attention to the fact that as
long as the system of chemical defense of the body is functioning adequately, metabolic
processes proceed in a normal mode. However, if the influx of rare earth elements into the
body for a sufficiently long time does not allow the normal work of the SCDB, there is a
failure of the flows of various chemical elements in the body; simultaneously, there are
problems with their incorporation into its various structures which leads to geochemical
endemics. And not just geochemical endemics. In REE-anomalous landscapes, as men-
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tioned above, many life forms, including bacteria, plasmids and viruses, mutate. This is
why REE-anomalous landscapes in Africa are characterized by various diseases due to
weakened immunity caused by disruptions in the SCDB. These are not only the widespread
diseases associated with impaired mineral metabolism (rickets, osteomalacia, fluoride bone
pathologies, various forms of arsenicosis), but also such little-studied diseases characteristic
of REE-anomalous landscapes as podoconiosis or elephantiasis, which is most likely of a
fungal nature and occurs in people with reduced immunity. These include some forms of
cancer, such as the endemic form of Kaposi’'s sarcoma. The association of these diseases
with REE-anomalous landscapes is evident in the patterns of their distribution across
Africa [181]. Areas of podoconiosis disease in Africa are confined to areas where rock
formations richest in REE minerals are widespread. As for the prevalence of Kaposi’s
sarcoma, this disease spatially coincides well with areas of active geophagy.

If selenium and iodine are found to be involved in the composition of the SCDB,
the list of geochemical endemics is significantly extended. It includes Kashin endemics
and goiter. It is possible that endemics of all kinds, already identified in the context of
biogeochemistry and those yet to be identified, are associated with disturbances in the
composition and concentration of elements in the SCDB.

4. Conclusions

Our analysis of published data on human geophagy and manifestations of this phe-
nomenon in the form of “pica”, as well as information on geochemical endemics associated
with geophagy and rare earth elements, together with our own research experience, allow
us to draw the following conclusions:

1.  Inhumans, as in animals, geophagy is a natural, evolutionary form of self-regulation
by organisms using natural mineral substances.

2. The main purpose of this self-regulation is to maintain the composition and concentra-
tion of rare earth elements in the neuroimmunoendocrine system, which is necessary
for its normal functioning.

3. Only some of the RE-elements are vital for mammals, probably La, Ce, Nd, Pr, Sc and
Y, whereas most other elements exhibit pathogenicity.

4. The pathogenicity of RE-elements is due to their ability to easily replace vital RE-
elements in structures of the neuroimmunoendocrine system, but they cannot ade-
quately perform the desired functions.

5. The main function of REEs, which are normally found in the mammalian neuroim-
munoendocrine system, and which they perform together with some other elements
(possibly including Se, I and some others), is to control the flow of chemical elements
(possibly only metals) in the organism, determining the place in the body’s structure
for each of them.

6.  Disturbances in the composition and concentration of essential elements in the mam-
malian neuroimmunoendocrine system lead to disorders of mineral and general
metabolism in the body and, ultimately, to the development of geochemical endemics.

7. Most geochemical endemics occur in landscapes with anomalous, i.e., significantly
different from background, levels of biologically available REE forms, either deficient
or excessive.
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