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Abstract

The St. Mauritius mineral spring has been used since the late Bronze Age times (1410/1411 BC), as dated on the wooden
headworks using radiocarbon and tree ring (dendrochronology) methods. It became eminent during the late Middle Ages
epoch of curative treatments. The water is renowned for its high iron content and high amounts of dissolved and gaseous
CO,. This special character of the Mauritius spring made it attractive to be analyzed by esteemed chemists over more than
two centuries. By these analyses transferred in coherent units, a comparison of the chemical composition of this Mauritius
mineral spring during the entire interval from 1788 to 2022 became possible. It reveals that the chemical composition of
the Mauritius mineral spring water has largely remained stable and apart from some minor changes in water quality caused
by alterations to the spring capture headworks since that time. These capture remediation actions were aimed to maintain
the original composition of the Mauritius mineral spring water, which since its first utilization is threatened by the prevail-
ing mixing processes with the shallow, low mineralized groundwater. The mineral water can be characterized as being an
acidic calcium—sodium—magnesium-bicarbonate-type water, rich in iron, with a total mineralization of about 1.8 g/l. The
spring discharge with a temperature of about 4—-6 °C and contains about 2500 mg/1 of free gaseous carbon dioxide. This high
concentration of free outgassing of CO, is due to the emission of this gas from a great depth from the Engadine Fault Line
which crosses the spring discharge area.

Keywords Mineral water - Chemical composition - Geology - Hydrogeology - Mixing processes - Archeology - Bronze
Age - Cultural heritage - Mystical places - CO,-rich water - Iron-rich water - Balneology - Wellness - Medical health -
Curative treatments - Active tectonics - Engadine Fault Line - Geodynamics - Eastern Alps

Introduction

The St. Moritz mineral spring is situated in the Engadine
Valley in southeastern Switzerland. It has an astonishingly
long history of use from the Bronze Age to the present. Its
famous Europe-wide reputation of curative effects made
it attractive to be analyzed by esteemed chemists from the
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eighteenth century to the present. The available 18 analy-
ses cover a time interval from 1788 to 2022, for a total of
234 years. The main aspects of the chemical analytical meth-
ods and their used units of length, volume, and weights,
as also the literature research are described in the chapter
“Materials and methods”.

In the next chapters, the following main aspects were
discussed:

— Hydrogeology and Geology

— History of spring capture, from the first headworks in the
Bronze Age until today

— Medical/physiological properties and mythological back-
ground
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— Chemical properties of the Mauritius mineral spring
water

— Impacts of man-made activities on mineral water com-
position as identified by the chemical analyses

— Mixing history: the struggle for the most “strong” min-
eral water

— Conclusions: origin of Mauritius spring mineral water

— Re-establishment of the original Mauritius mineral
water spring. This chapter with a final discussion and
outline of Mauritius mineral spring’s actual importance
within today’s wellness trends concludes this publica-
tion.

Materials and methods
Literature research
Geology and hydrogeology

The selected literature covers the main works of
current alpine geology from Kissling and Schluneg-
ger (2018), Schmid et al. (2004) and Froitzheim and
Manatschal (1996). Other sources of information are
the regional geological studies by Peters (2005), and
the local scale geological studies by Ohlendorf (1998).
Information from the only geothermal exploration
borehole (the San Gian borehole) was provided by
Aemissegger (1993).

Sources of information for the historical use
of the Mauritius mineral water (i.e., the tapping history)

Within this overview, the tapping/capture history of the
spring site from the Bronze Age period to the present is
outlined. Therein the latest archeological and hydrogeologi-
cal information (within the historical time frame of continu-
ous use since its discovery and first capture in 1411 BC by
Bronze Age settlers to today) are presented. The information
is based on the work of Oberhinsli (2017) as well as on
the publications issued by the spa resort and by municipal-
ity and tourism organizations. These include the Overview
of Forum Paracelsus, a travel guide, issued by Engadin St.
Moritz Tourismus AG (2020); and the spa history by Hof-
mann (2014, 2017) The whole aspects of the excavation of
the original wood headworks for the spring are outlined in
the publication of Heierli (1907). Further historical aspects
of Bronze Age culture as published by Leuzinger (2014),
and unpublished documents and photographs of the munici-
pality of St. Moritz, Department of infrastructures and, Mar-
gadant, Maier, Liitscher (1993, 2022), were also consulted.

Main medical/physiological properties

The medical and physiological aspects were based on the
prominent publications of Kiss (2008), named Deutsches
Biaderbuch [with contributions of Michel (1997) and Hart-
mann (2008)], as also Litchfield (2006). Concerning the

Table 1 Effects of gaseous CO, on human health depending on Concentration of gaseous CO, (expressed in volume-% of CO, to total normal

atmospheric air composition, https://learn.kaiterra.com/

The concentration of gaseous CO, (expressed in volume
% of CO, to total normal atmospheric air composition)

Effects of gaseous CO, on the human health

413 ppm

Corresponds to actual atmospheric concentration on 4.9.2020, according to Earth

System Research Laboratories (2020): Trends in Atmospheric Carbon Dioxide,
CO, actual atmospheric concentration on 4.9.2020, according to https://www.esrl.

noaa.gov/
<1000 ppm
1000-2500 ppm

Limited or no health effects

Fatigue, loss of focus and concentration, uncomfortable ‘stuffy’ feeling in the air

https://ehp.niehs.nih.gov/doi/10.1289/ehp.1104789

2500-5000 ppm

5000-40000 ppm
(0.5-4%)

Headache, drowsiness, tiredness,

Violates OSHA (Occupational Safety and Health Administration/ US Department
of Labor), requirements, severe headaches, slight intoxication depending on the

exposure time

40,000-100,000 ppm
(4-10%)

> 100,000 ppm
(>10%)

Immediately dangerous to life or health, dizziness, increased heart rate, sweating,
difficulty breathing; seizures and loss of consciousness after prolonged exposure

Loss of consciousness within minutes, coma, risk of death
https://www.cdc.gov/niosh/idlh/124389.html
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arsenic health limits, the publication by European Food
Safety Authority (2014), De Boer and Hale (2000) and
Apps et al. (2009) and the WHO Fact Sheet (2018) as well
as direct information in the EAWAG News (2002) and two
books by Hofmann (Heilbad-History (2014) and Gesund-
heits-Mythos St. Moritz 2017, 3rd Edition), were consulted.
For the health effects of magnesium, the publication of Ros-
anoff (2013) was considered.

The aspects of CO, concentration in air to human health
are provided by Table 1 according to Kaiterra publications,
https://learn kaiterra.com/.

Concerning the radon concentration in water and indoor
limits, the publications of Eidgendssische Kommission fiir
Strahlenschutz (2017) were consulted. Concerning its thera-
peutic application for bronchial and rheumatic diseases by
alternative natural medical practices, the references of Erick-
son (2007), Franke et al. (2007) are referenced. Concerning
the radon health risks, the safety guidelines of the radiation
health protection agencies were adopted. [e.g., by the Ger-
man Federal Office for Radiation Protection, https://www.
bfs.de/DE/themen/ion/umwelt/radon/wirkungen/heilkuren.
html, 21.12.2022].

Mythological background of the prehistoric Mauritius
spring site

The Mythological aspects of Mauritius mineral spring are
mainly described in the study of Oberhénsli (2017) including
Bronze Age votive treasures.

Another Bronze Age spring capture is described by Ney-
ses-Eiden (2004) for the Trier Romersprudel.

Concerning the important aspect of red color deposits
of iron oxide (hematite, ochre) for the Bronze Age people)
reference is made to Roebroeks et al. (2012) and Wreschner
et al. (1980).

The aspect of the cultic attraction of the uprising CO,-rich
water springs was followed by a publication concerning
antique Greek mythology (cultures of about the same time)
by Verros et al. (2007), Jeffery (1976), De Boer and Hale
(2000) and Stewart and Piccardi (2017).

Approach and methods of chemical analyses
in the 18th century

To get a full record of the chemical parameters of all avail-
able analyses ranging from 1788 to 2022, a detailed recovery
of all existing available literature containing old analyses
since the eighteenth century was made as presented in:
12.1) References, Part 1: Bibliography of the analyses of

the Mauritius spring water including some important notes
about the methods applied in early chemical analyses.

This task included the recovery and understanding of the
methods used by the analytical chemists as well as the con-
version of the original published analyses expressed in local
units and alchemistic terms into the chemical expressions
and units used presently.

At the period of the first analysis of 1788, the methods
for the investigation of natural waters had just commenced.
It was also the period chemical principles and experimen-
tal approaches and laws began to evolve into modern-day
chemical principles.

The different steps of analysis are mainly described
within the referenced analysis reports. A quite complete
bibliography of the analyses of the Mauritius spring water
and of some also important notes about the methods applied
in early chemical analyses is given in a separate Part 12.1
of the References. The complete story of the evolution of
chemical knowledge from the early concepts of the Age of
Enlightenment (late Renaissance period) to the beginning
of the science of modern chemistry in the early twentieth
century is described and discussed in detail by Pattison Muir
(1907), re-edited in 1976.

As the methods of chemical analyses in the eighteenth
century differ in concepts and available techniques from
today’s analytical detection capabilities, they are here just
described roughly. In general, the following main principles
were applied:

— The main instrumental physical methods consisted in
balancing, and measuring weight, volumes, barometric
pressure, and temperature.

— The applied units depend on the period of execution of
the analyses.

— The chemical principles were applied according to the
known properties of the reactions of the inorganic com-
pounds. They included:

e Precipitation,

e Bringing in the solution of a substance to analyze
under controlled conditions, concerning temperature,
acidity, and concentration,

e The controlled addition of specific acids, or specific
bases (e.g., soda ash, sodium hydroxide),

e The addition of a surplus of a reactant to force its
precipitation, or in reverse sometimes adding a reac-
tant, e.g., an acid to provoke dissolution,

¢ Bringing solutions to the boiling point, also stepwise
fractionation by distillation,
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e Filtration of the product of provoked crystallization
to remove it before the next steps of separation were
executed,

e Provoke gaseous emanations from the water sample
under investigation, e.g., by heating, but also by the
addition of reagents such as sulfuric acid, and hydro-
gen chloride,

e Adding dissolved substances to the water to force the
precipitation of some compounds.

These different steps of analysis are mainly described
within the referenced analysis reports. They had to be exe-
cuted in successive order, with the final target that only one
substance/product remains at the end, e.g., the most soluble,
the least soluble, the densest, or heaviest.

An example of this quite difficult task of analyzing nat-
ural mineral water during the eighteenth century is pro-
vided in the oldest chemical analysis report dating from
1752 for the mineral water of Fachingen (Burggravens, Jo,
Le Cerf, C., Senkenberg, J., C., cert. 1747, 1752) which
has a quite similar composition to the St. Mauritius min-
eral spring water.

An example of the described analytical process is shown
in the original published manuscript entitled: «Chemis-
che Untersuchung einiger der bekanntern und besuchtern
Gesundbrunnen und Bider der Schweiz, insbesonders des
Cantons Bern», by Morell, Carl Friedrich, Bern, 1788,
(Zweyter Abschnitt, page 356-362). This analysis was
also reported in Wettstein (1824), translated into Italian. A
specific description and calculations according to today’s
concepts are presented in a separate Appendix 1, which is
not part of this publication.

Overview of ancient used weights and volumes

To compare this analysis of Morell 1788 with the analyses
of the later centuries, the original units were converted
into metrical units using the following factors: (Daniel-
stieger.ch/masseinheiten.htm).

1 Unzen (1 troy ounce)=31.1034768 g,

1 Civilpfund =16 Unzen ==497.6556288 g,

1 Apotheker Pfund =12 Unzen=373.2417216 g=373
24 g,

1 Schoppen=0.51= 500 g,

1 Gran (Grain*) equals: 64.799 mg,

1 Fuss (foot)=1'=12 Zoll (inch) =0.31385 m,

1 Paris Zoll (inch) equals exactly 27.07 mm.

1 Paris cubic Zoll (cubic inch) equals 1728 Paris cubic
lines=19.835 cm’

@ Springer

According to the dimension and weight ordonnance of
16.5.1816, the grain is defined as:

1 preussisches Gran=60.9 mg, and 16.42 preussische
Gran=1g,

16 preuss. Unzen =7680 Gran=32 Loth=1 Prussian
(Civil Pound)=467,711 g,

1 Loth=14.616 g, therefore, the Prussian (Civil
Pound) =467,711 g,

1 Prussian Cubikzoll=17,891 cm’.

(Geoscience Reference In-Depth Information: http://
what-when-how.com/Tutorial/topic-65u94bp/Hydrogeolo
gie-165.html (20.12.2022) and Aldefeld, C.K., 1835(Die
dlteren und neuen Maasse und Gewichte der Koniglich
Preussischen Rheinprovinz, Achen und Leipzig, 1835, by
Jacob Anton Mayer).

Within the English/American books of standards, dif-
ferent definitions of the above mass units are stated:

“A grain is a unit of measurement of mass, and in the
troy weight, avoirdupois, and Apothecaries' system, equal
to exactly 64.79891 mg” (CRC, Handbook of Chemistry
and Physics, 60th Edition, 1979-1980, Weast, R.C., Astle,
M.J.: CONVERSION FACTORS).

According to NIST Handbook 44 2012 (the “grain”
is same in avoirdupois, troy, and apothecaries’ units of
mass), with the following conversions:

16 ounces=1 pound (Ib) =256 drams= 7000
grains =453.59237 g; therefore, 1/7000 pound equals a
troy grain or 64.79891 mg.

12 oz troy=1 pound troy (lb t)=5760
grains =373.24172 g; therefore, 1/5760 pound (Ib t) equals
also a troy grain or 64.79891 mg — these units are equal
to the 1 Apotheker Pfund =12 Unzen=373.2417216 g=
373.24 g, as used by Morell (1788).

Since the implementation of the international yard and
pound agreement of 1 July 1959, the grain or troy grain
(symbol: gr) measure has been defined in terms of units
of mass in the International System of Units as precisely
64.79891 mg. One gram is thus approximately equivalent
to 15.43236 grains.

National Institute of Standards and Technology (Octo-
ber 2011). Butcher, Tina; Cook, Steve; Crown, Linda, et al.
eds. “Appendix C — General Tables of Units of Measure-
ment” (PDF). Specifications, Tolerances, and Other Tech-
nical Requirements for Weighing and Measuring Devices.
NIST Handbook. 44 (2012 ed.). Washington, D.C.: U.S.
Department of Commerce, Technology Administration,
National Institute of Standards and Technology. ISSN
0271-4027. OCLC OCLC 58927093.
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Slightly different definitions are presented in Furrer A., 1889, «Volkwirtschafts-Lexikon der Schweiz» of 1889. On
page 389, translated from the German original text the old units applied before the metrical system were mentioned as

follows:
Weight: 1 Pfund = 1/2 kg,

1 Pfund = 32 Loth or 16 Unzen, which can also be derived in 500 Gramm and 1 Zentner = 100 Pfund.

This results in the following conversions into metrical units:

1 Unze (ounce) =31.25 g,
1 Loth=15.625¢

Additionally, as mentioned below in the same paragraph: The Apotheker (Apothecaries) Pfund system as it is still
exercised, can further be kept in use, but exclusively for the issue of medical description as follows:

1 Apotheker Pfund (Apothecaries) pound (equals 3/4 of the Civil pound) is equal to:

12 Unzen (ounces) or 24 Loth and equal to 375 g.
With the defined proportions/relationships:

1 Ounce = 8 Drachmen with 3 Skrupel with 20 Grains

This definition results in the following weights in g (gram) of the corresponding units:

1 (Apothecaries) pound =375 g

1 Unze (ounce) =31.25 g

1 Drachmen (Drachma) = 3.90625 g
1 Skrupel ((Scrupel) = 1.3021 g

1 Gran (Grain) = 0.06510 g = 65.1042 mg

Comment: These definitions in Furrer A., (1889) devi-
ate slightly from the older units as stated in the Prussian
Dimension and weight ordonnance of (16.5.1816) and as
also provided by the definitions of the National Institute of
Standards and Technology (October 2011). These deviations
result from the change by merging the old units with the
metrical dimension of:

1 Pfund equal to 16 Ounces equal to 500 g, and

1 Apothecaries pound equal to 12 Ounces to 375 g.

Finally, the conversion factors as presented in Morell
(1788) of the Apothecaries system with

1 Apothecaries pound =12 Ounces =373.2417216 g=37
3.24 g were used to convert the analyzed compounds origi-
nal units in Gran (grain) per 12 Unzen (ounces) into metrical
units as presented in a separate Appendix 1, which is not part
of this publication.

Estimation of the accuracy of chemical analyses
during the period of 1788 to 2022

The 18 available analyses date from 1788 to 2022.

In the first analysis of Morell (1788), the smallest indi-
cated unit is 1/4 of grain. That would mean that if 1/1 Gran
(Grain) equals: 64.79891 mg, an amount of 16,19973 mg. It
is assumed that a skilled scientist could measure to about a
differencing weight of 10 mg (about 1/8 grain).

From the nineteenth century to the beginning of the
twentieth century, the precision of weighting was increased
to about 1 mg. This precision was in later times further
increased using electronic devices.

With the available analytical techniques developed
towards the end of the 20th and up to the twenty-first cen-
tury for chemical analyses, increased precision using new
methods and new techniques such as Atomic Adsorption
Spectroscopy (AAS), Ion-Chromatography (IC), Inductively
Coupled Plasma, with Optical Emission Spectroscopy (ICP-
OES), or Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) very much lowered the detection levels.

To compare all 18 analyses for the period 1788 to 2022
in a fair way, only an interpretation based on graphical rep-
resentations is made, based on a relative qualification of the
analysis results as presented in Table 2.
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Table 2 Summary of the chemical analyses of the Mauritius Mineral Spring of the whole observation period of 1788 to 2022 and two analyses
of local groundwater Surpunt (Sur) and Signuria (Sig) and the San Gian Geothermal Exploration Borehole (TB)

Location Mauritius mineral spring

Anal. Nr la 1b 2 3 4 5 6 7 8 9
Year anal 1788 1788 1822 1824 1853 1873 1891 1912 1931 1950
Author Morell Case  Morell Case  Capeller Balard Planta & Husemann Bosshard Nuss-berger & Hogl  Giibeli-
a b Kekulé His Dorta-
Tread-
well
Ca(mg/l) 372 209 164 325 291 341 310 218 241 258
Na 241 241 166 193 186 200 194 119 135 115
(mg/)
Mg 78 78 93 12 36 37 38 33 25 34
(mg/)
K 7 6 9 5 4 6
(mg/l)
Li 0.4 0.1 0.2
(mg/1)
HCO;, 1528 1029 983.6 1025 1036
(mg/)
CO;, 470 622 647 725.9 691.7
(mg/l)
SO, 313 313 241 226 193.2 215.3 191.6 139.5 150 184.89
(mg/)
Cl 140 140 108 455 23.6 26.7 243 15.9 17 15.16
(mg/)
F 0.43 0.85
(mg/l)
Br 0.197 0.094 0.324
(mg/)
I 0.023  0.058
(mg/)
NO, 0.056
(mg/)
Fe** 20 30 11 12 12 9 8 8
CO, gas 3915 3915 605 2426 3006 3241 3441
(mg/)
((mg/)
Location Mauritius mineral spring Th.exBh  Sur- Signuria
ProS.G  PuntSt. St. Moritz
Anal. Nr 10 11 12 13 14 15 16 17 18 Moritz
Year 1957 1970 1972 1998 2005 2009 2015 2019 2022 1993 2020 2020
anal
Author  Giibeli  Holl Hogl &  VSB Bohm Bachema Bachema Amt Scitex, Aemiseg- Amt Amt
Senf-ten Lem GR Laus- ger* Lebm. Lebm.
anne GR GR
Ca 242 246 250 317 311 268 335 320 290 691 26.90 27.00
(mg/)
Na 146 116 116 147 173 167 183 157.0 230 2765 3.70 2.60
(mg/l)
Mg 36 38 34 36.4 38 38 34 40.70 36 346 6.80 6.90
(mg/)
K 4 2 5 35 4 4 3 0.80 0.80
(mg/l)
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Table 2 (continued)

Location Mauritius mineral spring Th.exBh  Sur- Signuria
ProS.G  PuntSt. St. Moritz

Anal. Nr 10 11 12 13 14 15 16 17 18 Moritz

Year 1957 1970 1972 1998 2005 2009 2015 2019 2022 1993 2020 2020

anal

Author  Giibeli ~ Holl Hogl &  VSB Bohm Bachema Bachema Amt Scitex, Aemiseg- Amt Amt
Senf-ten Lem GR Laus- ger* Lebm. Lebm.

anne GR GR

Li 4 0.17 0.19 0.2 0.3

(mg/)

HCO;, 1092 1034 1025 1235 1201 1230 1320 979%%* 1350 7778 87.87 84.82

(mg/)

CO;,

(mg/)

SO, 197.5 15749 170 200 147 203 199 217.0 199 1728 27.90 27.70

(mg/)

Cl 14.11 18.43 17.4 20 20.5 23 23.30 222 24.6 691 3.70 3.80

(mg/)

F 1.11 0.54 0.60 0.42 0.50 0.50 0.57

(mg/1)

Br 0312 0.088 0.13 0.16

(mg/l)

I 0.038 0.024 <0.01

(mg/1)

NO, 0.23 0.23

(mg/l)

Fe?t 8 7 6 15.8 8 8 8 4.8 4.8

CO, gas 2500

(mg/)
((mg/)

*These concentrations are presented for comparison according to Fig. 1 and Fig. 2 in Aemissegger (1993)

** The bicarbonate amount was not reported for this analysis and has been determined by the difference in the ion balance in [meq/1]

In addition, in Fig. 19, the concentrations are represented
with error bars according to an estimated relative error of
10%, Figs. 21,23, and 24 with estimated relative errors of
5%.

In considering the difficult processes of sampling free
CO, gas and of the Iron analysis, the analyzed concentra-
tions are represented with error bars according to an esti-
mated relative error of 10% in Figs. 20 and 22.

Geological and hydrogeological context
of the origin of the Mauritius mineral water

spring
Geology and tectonics of the Engadine area

The Engadine valley is situated in the Eastern part of the
Swiss Alps (Fig. 1). The mountainous complexes of this
area were formed by the process of the Tertiary alpine orog-
eny in Europe, that have resulted from the collision of the

Eurasian with the Adriatic (African) Plates, Kissling and
Schlunegger (2018). Through these processes, sedimentary
and crystalline rock units of the Paleozoic to Cretaceous
age were shifted along major thrust lines above other units,
leading to today’s structure of stapled and folded, so-called
over-thrusted tectonic units or napes, Okaya et al. (1996)
and Schmid et al. (2004). This shape of mountains is char-
acteristic of the areas around the crystalline massifs in the
center of the alps, such as the Aar Massif and the Mont
Blanc Massif with the Helvetikum and Prealpes Napes in
the North and the Penninic and Austroalpine napes units in
the South (Fig. 2).

The situation of tectonic units and the shape of the alps
in the central to the eastern part of Switzerland is illus-
trated by the large-scale geological-tectonic cross-section
in Fig. 2 along the trace line in Fig. 1. It reveals the inter-
nal structure of the Alpine areas as deduced from surface
geological mapping and deep seismological profiles (Natur-
forschende Gesellschaft in Ziirich (1988) and Okayaet al.
(1996). The Engadine Valley with the Engadine Fault Line
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Jura
tabulaire

Fig. 1 Geological and Tectonic Map of Switzerland with main tec-
tonic units, the Aar- and Mont Blanc massifs (crystalline core area),
sedimentary filling of molasse basin, sedimentary over-thrusted
napes complexes of Helvetikum, Prealpes in the North, the Pen-

Molassebecken Helvetikum s I

NNW
Bodensee Santis

-
e e =
e ——

Lithospharischer Mantel

Fig.2 Large-scale geological-tectonic N-S cross-section of Switzer-
land (trace line in Fig. 1) illustrating the situation of tectonic units
and shape of the alps in the central to the eastern part of Switzerland,
according to the Swiss Geological Survey and the Seismological
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ninic and Austroalpine crystalline and metamorphic sedimentary
nape units in the South of the alpine Massifs. (According to Swiss
Federal Topographical Survey, © Swisstopo2008).. Position of St.
Moritz, --------------- ptrace line of the cross-section in Fig. 2
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tion of the Engadine Fault Line/EFL (scale: approximate horizontal
extent 300 km, vertical 40 km)
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(EFL) is situated on this cross-section as the valley South of
the mountain range of Piz Platta and North of the Bergamo
intrusion into the Penninic napes (Bergamo granite/granodi-
orite of Tertiary age, Valtellina), and the Austroalpine nape
complex Liniger et al. (1996) and Peters (2005).

Legend of presented tectonic units:

e Molasse Basin: mainly tertiary sediments,

e Helvetikum: displaced cretaceous sediments

e Penninikum: Napes mainly of metamorphic, Mesozoic

sediments, including Biindner schists (metamorphic

shales)

Valtellina: Bergamo intrusive granitic rocks

Austroalpine Units: mainly sediments

Alpi meridionali: Southern tectonic sedimentary units

External Massifs: units of central Alpine Aar- and Got-

thard crystalline Massifs

e Lower basement units are named according to the cur-
rent seismo-tectonic interpretation of alpine orogenetic
structure:

e European Upper Crust, European Lower Crust, and Lith-
ospheric Mantle in the Northern part and upper and lower
Adriatic crust in the Southern part

Hydrogeology of the Upper Engadine Area

On the detailed geological map (Aemissegger 1993) in
Fig. 3, the area of the Upper Engadine Valley (including the
villages of Silvaplana in the west, St. Moritz, and Celerina
in the east) is represented. This sketch map includes the trace
of the Engadine Fault line and the main eastern (Austro)-
Alpine tectonic units. On this map, the sites of the Mauritius
mineral spring and of the deep borehole drilled for geother-
mal exploration are also indicated.

The Mauritius spring outflow place and the exploration
borehole site are situated south of St. Moritz Lake (San
Murezzan). They are situated at the edge of the alluvial
plain, just at the contact with the outcropping crystalline
rocks of the Corvatsch—Err Crystalline unit (Fig. 3).

Both sites are located on the local branch of the Engadine
Fault Line (EFL) which is also the main conduit for uprising
CO, that causes the observed enriched CO, gas contents in
the Mauritius mineral water (Fanger 2013), as referenced
in Oberhinsli, p. 30 (2017), and Querfurth (1977), Fricke
(1977) in Aemissegger (1993).

The local groundwater is contained within unconsoli-
dated fluvioglacial Quaternary sediments. These were to
a large part deposited by the events of the last glaciation.

During that period, the Inn Glacier flowed downwards the
Inn-valley. Through this process, the bedrock of the valley
bottom was eroded by the effects of the advancing glacier
to a depth of about 50 m below the valley surface. During
the glacier growth, a bottom layer consisting of hard clay
to loamy sediments with blocks of eroded material from the
bedrock itself was deposited immediately above the bed-
rock. These deposits (considered to be glacial till or ground
moraine) consist of clay and blocks of dolomite and gyp-
sum sedimentary and granitic and syenite crystalline rocks
(belonging to the Corvatsch tectonic nape unit). During the
later retreat of the glacier, fluvioglacial unconsolidated sedi-
ments such as gravel and sand were deposited above this
layer within the eroded valley bottom. At the top of this
sedimentary filling after the retreat of the glacier, the lakes
(Lei) of Silvaplana and St. Moritz (Lei da San Murezzan)
were formed.

The hydrogeological situation of the St. Moritz Mauritius
mineral spring site itself is presented in the cross-section
in Fig. 4 (Oberhinsli 2017), which reveals the following
situation:

Above the inclined granitic bedrock (belonging to Cor-
vatsch—Err Crystalline unit), the confining loamy, clay
ground (basal) moraine layer continues upwards to reach
the nearby valley flank but pinches out at about 2 m below
the surface level of the valley (Fanger 2013; Oberhénsli
2017). It is assumed that the mineral water ascends below
this boundary layer of the hard-compressed loamy ground
moraine (basal till layer). It originates by upward migration
of the below-seated zone of altered, brittle granitic rock. In
this zone, the alteration of the crystalline rock has created
some additional preferential pathways and increased poros-
ity. Within this uppermost part of this underlying (frac-
tured) bedrock, the mineral water circulates and uprises
admixed with CO, gas, which originates from the Engadine
Fault Line (Wyss et al. 2002). At the spring outflow site,
the confining moraine clay layer pinches out below the
ground surface. This is now the place where the mineral
spring naturally discharges in a geyser-like feature and was
selected by the Bronze Age settlers as the place for their
first capture.

However, this mineral spring outflow place is situated
also within the sedimentary fill of the Inn Valley (Fig. 4).
This resulting fill material consists of porous, unconsoli-
dated fluvioglacial sediments (containing calcareous and
crystalline components) that were deposited by the retreating
Inn glacier (Ohlendorf 1998). Groundwater in these sedi-
ments is fed by infiltrating water from precipitation as well
as surface water from lakes and local creeks.
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Bernina, Julier and Suvretta crystalline rocks (BeK, JuK and SuK)
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Fig.3 Detailed map of the investigated area of St. Moritz with tectonic and geological/petrographic units (Legend below, Modified after Aemis-
segger (1993), by permission of R. Heinz, Ed. Swiss Bulletin fiir Angewandte Geologie)
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Ground Level in 1907

| | 1st Prehistoric capture | |
1412/1411 BC

Granitic bedrock

Fig.4 Hydrogeological schematic cross-section of the St. Moritz area with first prehistoric capture 1412/1411 BC (tree trunk tube Nr. 3) of St.
Mauritius mineral spring (Oberhénsli 2017, Abb. 137, copyright, and permission: Archidologischer Dienst Graubiinden)

Ground Level in 1907

=
2nd capture
NE ) 1411/1410 BC : SW

Granitic bedrock

Fig. 5 Hydrogeological cross-section showing the reconstructed (tube Nr. 1 and Nr. 2) emplaced by the first capture improvements in
Bronze Age spring site with emplacement of the first tree trunk 1411/1410 BC. (Adapted from Oberhinsli 2017, Abb. 139, Copy-
capture of 1412/1411 BC (tube Nr. 3) and the second capture work right, and permission: Archidologischer Dienst Graubiinden)
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Fig.6 Recovered original Prehistoric capture of 1411/1410 BC by
the excavation in 1907 (out of Gesundheits—Mythos St. Moritz (Hof-
mann 2017, 3rd Edition)

Fig.7 Elements of construction of the prehistoric capture of and its
maintenance. According to Oberhénsli 2017 Archéologischer Dienst
Graubiinden, Copyright and permission by M. Stiinzi Visualisierun-
gen GmbH, Ziirich

Overview of capture history from the first
spring headworks in the Bronze Age
until today

Description and historical importance of the first
Bronze Age headworks

During the Bronze Age, the elevation of the land surface in
the St. Moritz valley was several meters lower than today
(Oberhinsli 2017). Therefore, the mineral water (of the
later named St. Mauritius spring) discharged naturally at the
soil surface and emerged from a small pool. This naturally
emerging bubbling spring (perhaps even forming a small
geyser fountain), with sparkling ferruginous water admixed
with high amounts of gaseous CO, at the soil surface, must
have attracted the dwellers at the Bronze Age period. This
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Fig.8 Capture site at the time of the visit of Paracelsus to St. Moritz
(Photographs by W. Balderer of illustration exposed at the Mauritius
spring capture at Mauritius spa site)

aspect, as well as the presence of red iron oxide deposits,
might have been the reason, that the dwellers living and
exploring this area of the Upper Engadine have built a first
spring capture.

To construct the first headworks, these dwellers used a
large hollow tree trunk (Fig. 4, Tube Nr. 3 in Fig. 5, respec-
tively) to capture the spring flow. This tree trunk had an
outside diameter of 0.81 m with a total of 135 tree rings,
and a total height of 1.624 m. It was hollowed out up to
a remaining outside wall of 2—4 cm and was emplaced in
an excavated vertical trench with the function of a stand-
pipe precisely placed on the outflow position of the min-
eral spring water (Fig. 4). According to the dating based on
tree ring record analysis, calibrated with radiocarbon )
measurements, this first wooden spring capture headworks
was emplaced in 1412/1411 BC (Oberhénsli 2017). But only
about 1 year later (1411/1410 BC), a new more sophisticated
spring capture headwork was constructed.

This second Bronze Age capture headworks (hydrogeo-
logical cross-section in Fig. 5) consisted of a nearly rectangu-
lar blockhouse construction made of horizontally laid round
tree stems splined at the four edges (Fig. 6). It was placed in
an excavated pit directly penetrating the layer of the loamy
ground moraine in the spring discharge zone (hydrogeological
cross-section in Fig. 5). This construction was enforced on its
inner side by a wooden plank/ board functioning like a caisson
(Figs. 6 and 7). Inside of this wooden construction, two huge
larch tree trunks (tubes) were emplaced. Tree trunk tube Nr. 2
functioned as the main water collecting inflow standpipe for
the mineral spring water. It had, according to a reconstruction
of the capture remains excavated in 1907 (Figs. 6 and 7), an
outside diameter of 1.148 m at the bottom end and 1.116 m at
the top end. The trunk had an inside hollowed core, with an
outside remaining ring wall being between 2 and 4 c¢m thick,
and having a total height of originally 2.55 m. According to the
hydrogeological cross-section (Fig. 5), another tree trunk tube
(Nr. 1) was emplaced further downwards and did not penetrate
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Fig.9 Contemporary watercolor Painting by Hans Conrad Escher
von der Lindt made on 27. August 1819, showing the Mauritius
spring building constructed about 1770. In the background, the vil-
lage of St. Moritz (today St. Moritz Dorf) is represented. (Out of
Gesundheits—Mythos St. Moritz (Hofmann 2017, 3rd Edition) in
Forum Paracelsus, St. Moritz, 2020)

Fig. 10 Contemporary Painting of the Life at the Paracelsus Mineral
spring with a man distributing the water in a cup to the cure guests,
entitled: « Les baigneurs a la source Paracelsus. Anno Domini 1820»
It shows probably the inside view (Original, exposed at the Mauritius
spring capture at Mauritius spa site, Photo W. Balderer (2020)

through the confining clay layer, and was not functioning at
any time. In Fig. 7, the functional reconstruction of the original
capture work is presented with the external rectangular block-
house construction. The inclined-laid tree stem with pinched-
out steps is thought to have functioned as a ladder for cleaning
the spring discharge area.

Capture remediation actions and activities
before and within the period covered by chemical
analyses of 1788 to 2022

Since its initial construction in 1411/1410 BC up until 1907,
the Bronze Age headworks underwent several minor docu-
mented modifications but remained principally unchanged.

Fig. 11 Excavated wooden tree trunks Nr.2 and Nr. 1 of original
Bronze Age spring capture of St. Moritz Mauritius mineral spring in
1907 (Photo under copyright, by Permission of Museum, St. Moritz,
documentation section, 8.4.2022)

In particular, the external appearance of the spring head-
works was changed during this period.

One of the first descriptions of the headworks at the
spring site was provided in 1703 by Joh. Jacob Scheuchzer
(1672-1733). He described: “a Sour (water) fountain” with
“strong emanating gas bubbles appearing from the soil at
the hillside, in the corner of a wet, swampy meadow, about
one-quarter of a mile distant to the St. Moritz village. The
fountain is contained in a rectangular square shaft by four
granite plaques of 1%2 inch (about 27.5 cm) in width. This
fountain place itself is covered by a small house like a chapel
and so protected from outside influences such as rain and
wind.” (Oberhinsli 2017, p. 35, free translation). This aspect
of a small pond with bubbling CO,, emanating from the
spring basin or small pool may have had a similar shape to
that represented in Fig. 8).

Within this period, in the year 1740, the first historically
documented spring site modification took place, unfortu-
nately, just before the first analysis was made by Morell
in 1788. Therefore, no influences on changes in Mauritius
spring water composition are known.

The next further maintenance action took place in the
year 1853, already after the first analyses of Morell (1788),
Capeller (1822), Balard (1824) and Planta and Kekule
(1853).

At this time, the Mauritius mineral spring site was well
known as shown by the painting of Hans Conrad Escher von
der Lindt made on 27. August 1819 (Fig. 9). It shows the
modest Mauritius spring building that was constructed in
about 1770. Another contemporary painting dated to 1820
(Fig. 10) shows the social life at that time at the Mauritius
spring site inside the building. It presents a man distributing
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Fig. 12 Original Mauritius mineral spring capture fountain with
water outflow and small CO, geyser (in Hofmann 2017, 3rd Edition).
This geyser is only visible if the inner glass tube bow (Fig. 13) below
the covering glass protection (Fig. 14) is removed

the water from the open spring basin with a bailer into a cup
to the well-dressed cure guests.

According to the available sources, this intervention of
1853 was described as a simple cleaning action. However,
according to the investigation of Oberhinsli 2017, there is
some evidence that the wooden Bronze Age capture tube 2
(Figs. 5 and 6) was shortened and uplifted by this action.
This fact agrees with the contemporary people’s impres-
sion that “the spring water became less strong and was
of less excellence than before.” Probably, through these
works, the inflow of local groundwater increased, and
therefore, the original famous acidic spring water became
“less strong.”

In 1907, the original Bronze Age capture construction
of 1411/1410 BC, which prevailed for almost 3317 years
was completely removed. This recapture action was aimed to
restore the original quality of the outflowing mineral water,
and to increase its outflow rate. The new capture headwork
was constructed by well-known specialists. They established
a containment in concrete corresponding to the current state-
of-the-art techniques. The completely removed remains of
the bronze age headworks were excavated (Fig. 11). Since
2014 the restored and reassembled prehistoric headworks are
exhibited at the “Forum Paracelsus building” in St. Moritz
(Fig. 6).

However, the operations of 1907 caused very drastic
changes at the spring inflow location. The confining clay
layer which separates the mineral spring water aquifer
from the overlying local groundwater (Fig. 4) was partially
destroyed at the place of the base of the old Bronze Age
headworks (Fig. 5).

@ Springer

Fig. 13 Original Mauritius mineral spring capture outflow fountain
with installed inner glass tube bow

Fig. 14 Original Mauritius mineral spring capture outflow fountain
with emplaced covering glass protection

Fig. 15 Historical waterspout fountain with the outflow of the Mau-
ritius mineral spring water. Emplaced in 2018 in the historical “Para-
celsus Building” which is used as a museum that shows the Bronze
Age spring capture headworks of 1411 BC. (Photograph by W.
Balderer, 2020)

In 1937, additional engineering works were undertaken to
attempt to reinstate the spring conditions that existed before
1907. However, these works caused even greater damage
at the intake place as the upper confining clay layer was
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destroyed. This damage caused a greater admixing of the
Mauritius mineral spring water with local groundwater.

In 1938, this unsatisfactory situation was partially cor-
rected by installing an artificial drainage system that lowered
the hydraulic head of the local groundwater to about—2.9
m below the actual ground surface by constant pumping.

In the years 1942/1943, the last final last known head-
works remediation at the spring site took place. At this time,
a more sophisticated drainage system (called the Ring-Lei-
tung/drainage conduit) was installed around the spring to
prevent the inflow of groundwater. This complete capture
system led to a controlled intake of the mineral water below
the confining layer within the altered bedrock into the new
sealed capture construction. The emplacement of a surround-
ing system of horizontal drains further minimizes hydrauli-
cally the local groundwater inflow by continuous pumping.

The most recent headworks modifications were under-
taken in 2018. This work aimed to provide outside of the
original capture building a fountain place accessible to the
public within the restored and rearranged old historical
building “Forum Paracelsus” (Fig. 15). For this purpose, the
original Mauritius spring mineral water is conducted from
the still functioning original outflow capture site within the
old capture building of 1943 (with technical infrastructure,
not accessible to the public (Figs. 12, 13, and 14) to the
new exposition place inside the “Forum Paracelsus” build-
ing (Fig. 15). For this purpose, a connection by drilling of a
horizontal borehole directly through the outcropping crystal-
line rock was realized. https://www.schenkag.com/wp-conte
nt/uploads/2020/04/DitchWitch-3020-AT_2018_Mauritiusq
uelle-St.-Moritz.pdf.

Main medical/physiological properties
and mythological aspects of the Mauritius
mineral spring water

Main medical/physiological properties
of the Mauritius mineral water

Based on its unique character, the Mauritius mineral water
got an early mention of its beneficial effects on humans
already by Paracelsus (1534): “who drinks of this water as
a real medicament will stay healthy”.

Its main secret is contained in its acidic cal-
cium-sodium-magnesium—-bicarbonate composition,
joint with free CO, of more than 2500 mg/l and high iron
contents.

Therefore, this water can be denominated (according to
German legislation) as ferrous iron-rich sour water (Eisen-
sauerling or chalybeate water in English) as it fulfills the
required threshold values of more than 1000 mg/1 of gaseous

CO, and more than 10 mg/1 of dissolved Iron (Michel 1997),
Deutsche Heilbrunnen im Verband Deutscher Mineralbrun-
nen e.V,: https://www.vdm-bonn.de/ https://www.enzyklo.
de/Begriff/Eisens%C3%A4uerling, 01.01.2023.

This high iron content over its solubility in water is main-
tained in solution at the discharge by the inherently high
CO, concentration. Under such conditions, the iron oxides
of the water precipitate only at the discharge area when the
excess CO, escapes. In this area, red deposits are formed at
contact surfaces. Such deposits are visible within the historic
fountain in Fig. 15. Iron-rich waters are especially recom-
mended for drinking cures in the case of iron deficiency
(Eisenmangelandmie). According to the recorded medical
effects of Helfft (1867), the intake of iron and the observed
therapeutic effects were better in the case of drinking iron-
rich mineral water than when available iron medicaments
were ingested (Binz Nocco 2007).

[The author Helfft provides information in his “Handbook
of Balneotherapie” of 1867 for each health resort. It contains
guidelines for each specific mineral spring water about the
quantity and temperature that is recommended to drink per
day. For the St, Moritz Mauritius mineral water, he recom-
mended a unique dose of about 57-170 g of mineral water
and a quantity of 170-1360 g as a ratio per day. In the case
of anemia, he recommends higher doses of even several lit-
ers per day (Binz Nocco 2007)].

Because of its medical importance, especially in the
therapy of heart diseases, the enhanced concentrations
of magnesium in the Mauritius mineral spring water are
also of importance (Table 1). The highest magnesium ion
concentration of 78 mg/l for the Mauritius mineral water
was reported in the analysis of Morell in 1788. The lowest
value of 12 mg/l was reported in the analysis of Balard in
1824. Magnesium concentrations in the Mauritius mineral
spring water since that time have remained in the range of
30 mg/l in 1853 to 36 mg/l in 2022 (Table 1). According to
Rosanoff (2013), medical investigations have proven that
drinking water and beverages containing moderate to high
levels of magnesium (10-100 ppm) could potentially pre-
vent 4.5 million heart disease and stroke deaths per year,
worldwide. (This potential was calculated with 2010 global
mortality figures, combined with a recent quantification of
water-magnesium’s inverse association with heart disease
and stroke mortality).

The most spectacular property of the Mauritius mineral
spring water is its very high free CO, content. Its inherent
curative properties are described in medical terms by Hart-
mann, in the Baderbuch of Kiss, W., and H., 2008, on p. 149
as follows: “Gaseous CO, is enhancing the blood circula-
tion in the human body, stress hormones such as Adrenalin
and Noradrenalin were suppressed”. Therefore, it enhances
positive effects in the case of low to medium severe cardiac
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insufficiency and leads to relaxed feeling of well-being, and
freshness in the mind without fear or anxiety.

The enhancement of the digestive functions of the stom-
ach and intestines and diuresis as additional curative effects
of gaseous CO, in Mineral water are mentioned in the
memorandum of the “Deutsche Heilbrunnen, im Verband
Deutscher Bierbrunnen e.V” (2020).

The role of immersion in CO,-rich water in balneotherapy
by the effect on free radicals release and total antioxidant
status in peripherical arterial occlusive disease was stud-
ied by Dogliotti, Galliera, Iorio, De Bernardi di Valserra,
Solimene and Corsi (2011). Their result is based on a study
with the participation of twenty-five patients with periph-
eral arterial occlusive disease (stage II of Fontaine) and fif-
teen healthy individual controls. The result showed positive
effects of CO,-enriched water balneotherapy, especially on
the microcirculation due to an increase in cutaneous blood
flow leading to a decrease in oxidative stress in patients
with arterial occlusive disease validated by blood analysis.
This aspect is still applied in the therapies of the St. Moritz
Heilbad (MTZ Heilbad, Medical wellness KOHLENSAURE
MINERAL BADER, http://www.heilbad-stmoritz.ch/#bae-
der, 02.01.2023.

A more recent medical aspect is the role and importance
of CO, gas in respiratory therapy. According to medical
studies by Litchfield (2003), Litchfield (2005), and Litch-
field (2006), CO, plays a special role in the blood circuit
of the body.

However, it has also to be mentioned, that gaseous CO,
if present in too high concentrations in closed rooms will
be harmful to human health. This aspect is presented in
Table 1 according to the published values at: https://learn.
kaiterra.com/ (last accessed, 14.3.2022) which provides
the limits of effects of gaseous CO, to the human health
(expressed in volume % of CO, to total normal atmospheric
air composition).

Another danger for human health (by the enhanced risk
of lung cancer) presents the accumulation of radon **’Rn
in higher concentrations in closed rooms. The radon con-
centration of the water of Mauritius mineral spring is only
mentioned in the analysis of Giibeli (1957) by a concentra-
tion of 2.27 ME which is equal to 30.5 Bg/l. According to
the Swiss Federal Commission on Radioactivity Protection,
this value is much lower than the limiting benchmark value
of 100 Bq/1 for drinking water (Eidgenossische Kommission
fiir Strahlenschutz 2017).

In former periods of spa therapy, radon was practiced as a
medical treatment method in waters rich in CO, and radon.
Certain spas were famous throughout Europe for radon
cures, e.g., Marienbad in the Czech Republic, Baden-Baden,
and Wiesbaden in Germany, Bad Gastein in Austria, and
Sirmione and Merano in Italy. According to Kaba (2022),
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such visits to radon health spas were in Germany even paid
for by the health insurance.

Its therapeutic application included especially treat-
ments in the case of bronchial and rheumatic diseases. Such
therapies belong to alternative natural medical practices
(Erickson 2007; Franke et al. 2007) and are according to
the radiation health protection agencies, not recommended
to be still applied by spa treatments. [e.g., by the German
Federal Office for Radiation Protection https://www.bfs.de/
DE/themen/ion/umwelt/radon/wirkungen/heilkuren.html,
21.12.2022].

Furthermore, radon like CO, is heavier than air and accu-
mulates in closed rooms. Therefore, a spring outflow to open
air is most suitable. Today’s accessible Mauritius spring
fountain for the public is situated in the renovated Paracelsus
building with permanent air circulation. In former times, the
spa site was even completely open to the air as in Fig. 8 or
with big open doors/windows as in Fig. 10].

Appendix: Significance of the concentration of arsenic
in the mineral water of Mauritius spa as drinking water
concerning the actual directives of drinking waters

The St. Mauritius water also contains elevated concentra-
tions of arsenic, which originates from the alteration/dissolu-
tion processes of iron minerals such as pyrite and hematite
which are contained within the mineral water-bearing zone
of the crystalline rocks of Corvatsch—Err Crystalline unit
(Peters 2005; Rafflenbeul and Balderer 2018).

The amount of arsenic in the Mauritius spring water
with values of 24 mg/l (analysis of Bachema, Schlieren,
2015) and 18.8 mg/l (analysis of Official Lab of the state
of Graubiinden, 2019) became a subject of public health
concern because the WHO lowered its limit for drinking
water in 2015 to 10 pg/l (According to the WHO Fact Sheet
of 15 February 2018).

Although this guideline value is designated as provi-
sional because of practical difficulties in removing arsenic
from drinking water, it has also been adopted by the Swiss
food legislation, as contained in “Verordnung des EDI iiber
Getridnke vom 16. December 2016, Stand am 1. Juli 2020)
Nr. (817.022.12)» and specifically the articles: 10 Absatz 4,
12 Absatz 3, 14 and 36 Absitze 3 und 4 der Lebensmittel-
und Gebrauchsgegenstindeverordnung vom 16. In Decem-
ber 2016, (LGV) stated that the limit for all kinds of drinking
water (including mineral water) is 10 pg/L.

As latest news, it is mentioned in the “EAWAG News
(2002)” and the newsletter of the Swiss Water Research
Institute EAWAG in 2002 that the mineral water distrib-
uted to the public in the St. Moritz Mauritius spa site
has been limited since 2002 in its Arsenic concentration
by technical treatment to the prescribed concentration
of 10 mg/l for mineral water use. This is likely to have
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St Moritz Mauritius Mineral Spring: Analyses 1788 to 2022 (incl. local G W.2020)
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Fig. 16 Piper-type diagram of all Analyses of the Mauritius mineral
water from 1788 to 2022 and the water sample of the Pro San Gian
Geothermal exploration borehole, Aemisegger (1993) and the local

significantly reduced the potential health risks associated
with arsenic in the mineral water.

Mythological aspects of the Mauritius mineral
spring water

The discovery of Bronze Age votive treasures at Mauri-
tius mineral spring capture is described in the study of
Oberhinsli (2017). The objects found include two bronze
swords; one sword fragment; one bronze dagger blade and
a treasure needle. These objects were stacked vertically
(2 swords) and horizontally (dagger blade and treasure
needle) inside at the bottom end of the only functioning
capture construction at tube Nr. 2 (Fig. 11) and, therefore,
at the place of incoming spring water rich in CO,. These
objects date around the construction time of the second
headworks construction of 1411 BC. [Another witnessing
spring site of cultic attraction besides the Mauritius spring
is the Bronze Age spring capture of the Romersprudel

ANIONS

groundwater of the St. Moritz Lake area represented by the Surpunt
2020 sample of the municipal water supply pumping station

at Trier in Germany, also established with wooden tree
trunks. It is dated according to Neyses-Eiden (2004), by
tree ring and radiocarbon analyses to 1533 BC for capture
1, and to 1969 BC =+ 10 years for capture 2].

A further important aspect of consideration to the
Bronze Age people presented the red color deposits of iron
oxide (ochre) which exist around the Mauritius spring out-
flow site. They were precious for use for different purposes
as coloring objects (bones, tissues, or even the human
body (Roebroeks et al. 2012; Wreschner et al. 1980).

Another cultic attraction for the Bronze Age peo-
ple probably presented uprising CO,-rich water: About
antique Greek mythology (cultures of about the same
age period) similar occurrences of the uprising water of
springs with emanating CO, were used as cultic places,
e.g., at the Oracle place in Delphi (Verros et al. 2007; Jef-
fery 1976; De Boer and Hale 2000; Stewart and Piccardi
2017) and Thermopylae (Jeftery 1976). These places are
situated also in areas with enhanced tectonic activity by
crossing active faults with CO, emanation.
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Chemical properties of the Mauritius
mineral spring water as covered by analyses
during a timeframe of about 234 years

Due to its special character and Europe-wide reputation,
the Mauritius spring mineral water was of attraction for
well-known analytical chemists from the beginning of the
early development of chemical analytical methods in the
eighteenth century until 2022, a period of 234 years.

Main composition of the Mauritius mineral spring
water as visualized by a Piper diagram

The main chemical composition of the Mauritius min-
eral spring water is visualized according to the available
chemical analysis by the following Piper-type diagram. In
the diagram in Fig. 16, the relative proportions of the indi-
vidual equivalent ion concentrations (meq/l) of the main
analyzed anions and cations, expressed as %—proportions
of the sum of the total mineralization of the water samples
are represented. The following main conclusions that can
be drawn from this representation are as follows:

From the diagram in Fig. 16, it can be recognized that
the relative chemical composition of the Mauritius mineral
spring water concerning proportions of the dissolved main
ions has not changed over the whole period of chemical
investigations. It is characterized by a Ca—Na—bicarbonate
type by all analyses, except the analysis of Capeller, 1822
which deviates to Ca—Mg—Na bicarbonate type.

For comparison, the water composition of the Geothermal
exploration borehole Pro San Gian is also represented. This
borehole fluid has a much higher TDS of about 14,000 mg/1
and is classified as a sodium-bicarbonate-type water but
contains also elevated concentrations of calcium and mag-
nesium ions. According to Aemissegger (1993), the analyzed
water sample originates from inflow zones in the depth inter-
val of 750-1150 m depth within the Corvatsch Crystalline
Unit. It contains also high amounts of iron, about 100 mg/1.

Also, for comparison, the water composition of the shal-
low groundwater of the St. Moritz area is represented in
Fig. 16 by the water sample of 2020 of the Surpunt pump-
ing station. This local groundwater is characterized as
calcium-bicarbonate-type water with a low TDS of about
158 mg/l.

If the three Piper-type composite diagrams are considered
(Fig. 16), the following details of properties are revealed:

— Within the upper diamond representing the rela-
tive proportions of the ion pairs of SO42_+C1‘
versus Ca’t+Mg?*, as also of Nat 4+ K* versus
CO4>~+HCO;", a mixing relation in direction of the
ion pairs of Ca>* +Mg** to Nat 4+ K* between the local
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groundwater through the bulk of the Mauritius mineral
spring samples up to the Pro San Gian Geothermal explo-
ration borehole water can be defined.

— By the lower left triangle representing the relative pro-
portions of the cations, the normal local groundwater
within the area of St. Moritz is characterized by high
Ca** proportions, whereas the water of the Pro San Gian
Geothermal exploration borehole is situated at the corner
of the high Na* concentration. The Mauritius mineral
water samples are characterized by higher Na and fewer
Ca”" concentrations. A special position is revealed for
the water sample of the 1822 analysis by Capeller with
some higher amounts of Mg>*.

— Within the lower right triangle, all investigated waters are
situated at the lower left sub-triangle, of the bicarbonate-
type waters

In conclusion, a mixing relationship between the local
groundwater (as the lowest concentrated water) to the Mau-
ritius spring water towards the high mineralized water of
the Pro San Gian Geothermal exploration borehole can be
deduced: (i) by the Ca**- to Na*-relationship (lower left tri-
angle), as also (ii) by the Ca*" Mg”>" to Na™ relationship
within the upper diamond diagram.

Main water composition as revealed by a Schoeller
diagram

In the Schoeller-type diagram in Fig. 17, the measured equiv-
alent ion concentrations (in meq/l) of the main ion composi-
tion of individual water samples are represented in a loga-
rithmic scale. This type of representation allows to reveal of
the similarities between the relative ion concentration of indi-
vidual water samples and to compare the ion composition of
groundwater analyses over very large concentration ranges.

According to the concentration patterns of the individual
groundwater samples in Fig. 17, the following relationships
are revealed:

— The local groundwater (local GW 2020) is characterized
by the lowest concentration for all the major ions (i.e.,
Mg, Ca, Mg+ Ca, Na+K, Cl, HCO3+CO3, and SO,),
with lowest concentration values resulting for chloride.

— Nearly all samples of the Mauritius mineral water fol-
low the same pattern of concentrations along the x-axis
for the main ion components in a very narrow band that
overlap each other. These analogous patterns signify a
quite good indication for the constancy of the chemical
composition of the Mauritius mineral water; and at the
same time, a proof of the quite good quality of the chemi-
cal analyses, made by different chemists and laboratories
during a time frame of 234 years.



Environmental Earth Sciences (2023) 82:233

Page 190f30 233

St. Moritz Mauritius Mineral Spring: Analyses 1788 to 2022 (incl.
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Fig. 17 Schoeller-type diagram of all available analyses of Mauritius spring mineral water from 1788 to 2022 and including for comparison also
the analyses of the Geothermal Borehole St. Gian, Aemisegger (1993) and 1 sample of the local groundwater of the valley plain

— The two oldest analyses of Morell (1788) and Capel-
ler (1826) resulted in higher chloride concentrations.
This may be due to lesser amounts of mixing with local
groundwater, which exhibits the lowest chloride content.
These analyses show a pattern with closer similarity to
the pattern of the San Gian Geothermal exploration well,
especially if the concentrations of the analysis reported
by Aemisegger, 1993 are considered. This similarity
implies the indication that the Mauritius mineral water
may contain components of origin within the deeper
crystalline bedrock.

Assessing the effects of remediation
actions based on the results of the chemical
analyses from 1788 to 2022

The results of the main components of all 18 analyses from
1788 to 2022 are represented in Table 2. This whole set also
presents a kind of time series of observations that can be

Overview of Influence Capture Remediation Action
250

200

150

100
50I
. — I M N =

1740 1853 1907 1937 1938 1942 1943 2018
Year of Remediation Action

Estimated Relative Influence

Fig. 18 Qualitatively estimated perturbation effects caused by reme-
diation and restoration actions at the capture site based on the histori-
cal records as outlined in chapter 4

compared to reveal the influencing potential impacts caused
by hydraulic changes induced by man-made remediation
actions on the capture site of the Mauritius mineral spring.
In this chapter, all the available analyses from 1788 to 2022
are presented and visualized in various types of diagrams in
Figs. 19, 20, 21, and 22.
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Fig. 19 Concentrations of
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Fig. 20 Concentrations of free gaseous CO, analyzed in mg/l accord-
ing to the available data from 1788 to 2014 and the events of the res-
toration works at the capture site with estimated perturbation effect
according to the cited historical records. Included are relative errors
of 10%. [Some of the original analyses were expressed in Volume of

To detect possible influences, the described capture
remediation actions and activities within the period covered
by chemical analyses from 1788 to 2022 are presented in
Fig. 18 by qualitative estimates of the expected perturbation
effects on water quality by a relative scale between 10 and
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gas/Volume of water. They were converted all into the “per mg/l of
Water” unit using the following equation {1}: massqg,=Vegylem.?]
/Voly, *molar Mass CO,, with the following values: Vol =Molar
Volume of an ideal gas at STP=22.4 l/mol, molar Mass of
CO,=44.0 g

200. The highest value of perturbation of 200 is attributed to
the complete removal works of the spring capture in 1907.
In the subsequent diagrams of Figs. 19, 20, 21, and 22 this
scale of estimated relative perturbation effects is included to
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Fig.21 Dissolved carbonate
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visualize changes in the analyzed chemical parameters of the
available analyses of the Mauritius mineral spring.

Concentrations of sulfate, calcium, sodium,
magnesium, and chloride ions

According to the analyzed concentrations represented in
Fig. 19, some influences of the individual intervention
events with remediation actions can be observed.

The analyzed concentrations of sulfate and sodium fol-
low a quite similar pattern in Fig. 19 with a steady decrease
from the first analyses of 1788 to the 1853 capture remedia-
tion event. From there on follows a slight increase to the
1873 analysis after which succeeds a drop to the minimum

concentrations of 1912. This drop is probably induced by the
capture removal works of 1907. With some fluctuations, a
later increase can be observed for the values of the analyses
up to the 2015 analysis. which reached again the same levels
as in 1853. The last analysis result of 2022 is with 199 mg/1
remaining at about the same level.

The analyzed concentrations of calcium follow a quite
similar pattern in Fig. 19 as sulfate and sodium. Only
the value of the first analysis of Morell 1822 presents an
uncertainty due to the double meaning of the analyzed sub-
stance containing calcium: If the concentration of calcium
is derived from the substance CaO it results in a value of
372 mg/l, but if it is derived from CaCOj; it would result
in a concentration of 209 mg/l respectively. For the next
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succeeding analyses, the calcium concentration pattern is
quite like the patterns already described for the concentra-
tions of sulfate and sodium.

For the concentrations of magnesium, a value of
78 mg/l is reported for the analysis of Morell (1788). The
next followed analysis of 1822 reached the maximum con-
centration of 93 mg/l, which is followed by a drastic drop
to the lowest concentration of 12 mg/l in 1824. After this
drop, an increase to 36 mg/l resulted from the analysis
in 1853. All later analyses up to 2015 remained at this
level of about 30 mg/l and only the last two analyses of
2019 and 2022 showed a small increase to 40.7 mg/l and
36 mg/l, respectively.

The concentrations of chloride show a similar trend over
the observed time range as magnesium: the maximum value
of 140 mg/1 resulted from the analysis of Morell (1788), fol-
lowed by a concentration of 93 mg/l in 1822. From there, a
general trend of lower concentrations of 23.6 mg/l in 1853
ends with 24.6 mg/l in 2022.

Concentrations of free gaseous CO, of analyzed data
from 1788 to 2014

Based on the diagram in Fig. 20, the following observations
are revealed:

The highest level of measured free CO, gas concen-
tration of 3915 mg/l was measured by Morell in 1788.
A much lower free CO, gas concentration of 605 mg/l
was measured in 1822, followed by a higher concentra-
tion of 2425 mg/l in 1853. Considering the higher values
of the next two analyses of 1873 and 1891, an effect of
improvement is assumed by the 1853 intervention. The
lower concentration of 2200 mg/l measured in 1912 was
possibly influenced by the big capture intervention in
1907. In 1950, an increased free CO, gas concentration
of about 3440 mg/l was measured, nearly identical to the
1891 measurement before the extensive headworks con-
struction activities that took place in 1907. The increase
measured in 1950 may be due to the construction of the
ring drain system in the period 1930 to 1942.

The analyses of 1970 and 2014 resulted in again lower
concentrations of free CO, gas. These lower values may be
explained by diverse factors such as other methods of sam-
pling free CO2 gas or by natural fluctuations of the outgas-
sing process along the Engadine Fault Line.

Measured concentrations of dissolved carbonate
during the period 1788 to 2022

The measured concentrations of the dissolved carbonate
(expressed as CO; or as HCO; in mg/1) that were determined
from the available analyses of 1788 to 2022 as represented
in Fig. 21 show a general increasing trend during the whole
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period of analyses which is not noticeably influenced by the
capture interventions. It just remains the already mentioned
uncertainty of the analysis of Morell (1788). However, if it
is assumed that the used term “Kalkerde” represents the sub-
stance of CaCOs, as interpreted in Wettstein (1824) (1788 b)
the result would be consistent with the other analysis results
of the whole observation period. The observed increasing
trend in concentration for the whole period of analyses is
interpreted as being caused by increased outgassing of CO,
fed by gas emissions from the Engadine Fault line.

Variations in the concentrations of dissolved iron
(Fe?*) during the period 1822 to 2022

The concentrations of dissolved iron (Fe?*) as represented
in Fig. 22 show a decreasing trend from 20 mg/l in 1822 to
about 2 mg/l in 2022. The only exceptions to this trend are
the two peak values for the analyses of 1824 (29.9 mg/l) and
1998 (15.8 mg/l) which are much higher compared to the
preceding and succeeding analyses.

For the 1853 analysis, a lower iron concentration of
11 mg/l was determined just following the maximum value
of 30 mg/1 of 1824. This decrease in concentration is proba-
bly associated with the headworks remediation activities that
took place at this time. The next decrease followed in 1912
with a concentration of 9 mg/1. This could be related to the
capture removal work of 1907. This concentration level is
also reflected by the following analyses which yielded nearly
stable concentration values of 8 mg/l (1950 and 1957), and
6 mg/l in 1970 and 1972. After the peak value of 15.8 mg/l
in 1998, all later analyses resulted in lower values of about
8 mg/l, to reach finally for 2022 the lowest value of only
2 mg/l.

This trend to lower iron concentrations with progressing
time is probably related to an increased mixing with oxi-
dized local shallow groundwater through leaks in the confin-
ing seal (layer) as caused by the capture remediation actions,
especially in 1853 and 1907. This mixing with oxidized
water leads to the precipitation of dissolved iron within the
groundwater mixing zone in the spring discharge area. In
addition, a loss of CO, gas overpressure occurred through
leaks in the confining layer. Because of these processes, the
precipitation of iron oxide occurs already within the mixing
zone or in the mineral water storage tank due to increased
oxidizing conditions.

Overview of the Mixing History: the struggle
for the most “pure and strong” mineral water

Since the beginning of the utilization of the Mauritius spring
mineral water by settlers in the Bronze Age time up until
today, the challenge has remained the same. That is, how to
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Fig. 23 Concentrations of
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optimize the strength and quality of the discharging mineral
water by preventing excessive mixing with local groundwater.
This struggle against the influences of mixing the “pure (and
strong) mineral water” with the (low mineralized) local shal-
low groundwater is a never-ending story that commenced with
the construction of the first capture headworks by the Bronze
Age settlers in 1412/1411 BC. In this section, the mixing pro-
cess between mineral water and groundwater and its effects
are further elucidated. For this aim, the chemical composition
of the analyzed mineral water of the Mauritius spring itself
according to the whole set of the 18 analyses is compared
with the composition of the local shallow groundwater and the
water gained from the San Gian thermal exploration borehole.

Deduced mixing relationships and potential
end-members revealed by the calcium and sodium
concentrations

Calcium is generally the dominant cation in shallow ground-
water in the area due to the dissolution of calcium carbon-
ate which is abundant in alluvial sediments, whereas in the
Mauritius mineral spring water the cations of sodium and
magnesium in addition to calcium, are much more abun-
dant. This composition of the Mauritius mineral water is due
to alteration reactions within the crystalline rocks minerals
that comprise the source reservoir for the Mauritius mineral
water. In the diagram in Fig. 23, the sodium versus calcium
concentrations shows a linear correlation coefficient result-
ing in R? of 0.78, (by considering case a) of the analysis of
Morell of 1788).

In the diagram of Fig. 24, the same relationship of sodium
versus calcium is represented but on a semi-logarithmic
scale with a much wider range of concentrations, includ-
ing also concentrations of the geothermal San Gian explo-
ration borehole (TB) analysis according to Aemisegger

(1993). However, despite the goodness of fit of the expo-
nential determination coefficient R? of 0.9949 in Fig. 24, the
concentrations of Ca and Na for the San Gian geothermal
exploration borehole (TB) do not directly plot on the curve
of best fit. This can be explained by the fact that the ana-
lyzed water sample of the San Gian borehole was taken in
unsteady hydraulic conditions during the pumping test. It
may, therefore, still contain some amounts of drilling fluid.
[A further indication of a close relation of origin presents
the fact, that this deep water of the San Gian Geothermal
Exploration Borehole (TB) is according to analyses of sta-
ble isotopes of §'%0 and 8°H interpreted to originate from
similar infiltration conditions than the St. Mauritius spring
water (Aemisegger 1993)].

Determination of the mixing history of the spring
water using magnesium and chloride ions as mixing
parameters

In Fig. 25, the ion equivalent concentrations (meq/l) of mag-
nesium and chloride ions of the Mauritius spring mineral
water, of the San Gian geothermal exploration borehole, and
of the local groundwater are represented in a graph on a
double logarithmic scale. Within this graph, a mixing rela-
tionship is defined by the line of exponential fit with the
resulting equation: y = 36,515 x %% with a determination
coefficient R? = 0.9503. At the lower end, it includes the two
samples of the local groundwater and then crosses the cloud
(bulk) of all analyses of the Mauritius mineral spring water
up to 2022 and further extends to the highest concentrated
water of the San Gian Geothermal exploration borehole.
Therefore, this now-defined mixing line extends from the
local groundwater, as representative of the low “mineralized
end-member” up to the water as representative of the highest
mineralized end-member water of the “San Gian Geothermal
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Fig. 24 Concentrations of

Mauritius Mineral Spring

sodium versus calcium ions for 7000
all analyses of the Mauritius
mineral spring water and two
analyses of local groundwater 6000
Surpunt (Sur) and Signuria
(Sig) and the San Gian Geother- 5000 S - .
mal Exploration Borehole (TB). Exponential Fitting Line
Sodium ion concentrations are y = 8.7626e0.0096x
shown on a logarithmic scale. = 4000 5 1993 TB
Error bars refer to a relative E“ R7=0.8082
error of 5% =
S 3000 3
2000 2022
1822 19129312009 5022
1000 2020 Sig 18 73
1950 1957&;3832 1824 1788
. .2020 Sur | 197%1 = ---20051998
0 100 200 300 400 500 600 700 800
Ca (mg/l)
Fig. 25 Mixing range as result- St. Moritz Mauritius Mineral Spring: Analyses 1788 to 2022
ing of the concentrations of (incl. Local G. W. and San Gian Geothermal Exploration Borehole)
magnesium and chloride ions of Mixing Relation: CI- vs Mg2* (in lon Equivalent Concentrations)
the analyses of samples of Mau- 100
ritius mineral spring water (all
18 analyses), for local ground- San Gian Geoth. Bh.
water (Mixing Endmember B), N
——————— ,1993
and the San Gian Geothermal =T RN A_.,\.T
Exploration Borehole (Mixing e O T
Endmember A) 10 s N e \ y = 3.6515x%60%3
/1950 1822 -, ..\ R?=0.7224
y 19122009 T I
= /1957 /1970 »qg5,.-=*" i
g N > 022 !
E 1972 1891 .
0 Ve [/] 98 1853 1873 ,/
= 2022 2015 R
1 S< o .-
As T -7 1824
B {®,2020 Local GW
0.1
0.1 1 10 100
Cl [meq/1]

Exploration” borehole. In this defined mixing relation, the
Mauritius spring mineral water analyses are all situated in
between the mixing range within the two end-members.

These now-defined opposite end-members A and B which
are responsible for the mixed origin Mauritius spring water
are represented in Fig. 25 by:

FINAL MIXING ENDMEMBER A: Representing the
deep water of origin within the Corvatsch crystalline like
the analyzed sample of the “San Gian geothermal explora-
tion” boreholeand,

@ Springer

FINAL MIXING ENDMEMBER B: Representing the local
shallow groundwater of the St Moritz area, like the sample
of the Surpunt drinking water well

This defined mixing relation in Fig. 25 yields the follow-
ing semi-quantitative rating of the represented analyses of
1788 to 2022 of the Mauritius spring:

— The highest concentrations of chloride and magnesium
of all analyses of the Mauritius spring mineral water
result for the two earliest analyses of Morell (1788), and
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Capeller (1822). It means that at that period the Mau-
ritius spring water “was strongest,” and, therefore, had
much lower levels of mixing with shallow groundwater
than any other more recent analysis.

— Already the analyses from the next group of the nine-
teenth century, including those of Planta & Kekulé 1853,
of Husemann 1873, and Bosshard 1891 (and possibly
Balard, 1824) indicate higher mixing levels with local
groundwater.

— The analysis within the next century of Nussberger and
His of 1912 shows a further decrease in magnesium and
chloride concentration. This is most probably due to
damage to the confining layer in the spring discharge
zone caused by engineering works and the removal of
the Bronze Age headworks in 1907.

— The later analyses of Hogl (1931), Giibeli-Dorta-Tread-
well (1950) and Giibeli (1957) were even more diluted
showing lower magnesium and chloride concentra-
tions. It seems that the improvements made in the years
1942/1943 had not yet made any effect on these con-
centrations and, therefore, had not reduced the mixing
effect).

— Concerning the analyses of Holl (1970), Hogl and Sen-
ften (1972) and VSB (1998) a slight improvement can
be recognized, as situated in Fig. 25 close to the 1853
analysis results. In the same group plot also, the analyses
of the years 2005, 2009, 2015, and the latest analysis of
2022.

As consequence, it can be stated by this interpretation
based on Fig. 25 that the headworks changes that were car-
ried out in 1942/1943 had at least a slight positive effect
on reducing the mixing with local groundwater that was
caused by the 1907 capture replacement work as evidenced
by the 1912 and 1931 samples. The work that was carried
out at this time reduced the degree of mixing of spring water
with groundwater to about the level shown in 1853 (as rep-
resented by the samples of 2005, 2009, 2015, and 2022).
According to Grieshaber (1965), several additional reme-
diation actions were undertaken concerning maintaining
constant water levels of the local groundwater and the St.
Mauritius mineral spring overflow.

Conclusions

Discussion of the observed impacts of human
activities on the chemical composition
of the Mauritius mineral spring water

Information provided in previous sections indicates that the
composition of the Mauritius mineral spring water has been

affected by human activities in the discharge zone. Every
change to the spring headworks since the Bronze Age has
caused hydraulic and water quality changes due to damage to
the confining layer at the spring capture site. Already since
the installation of the first Bronze Age capture headworks
in 1411/1410 BC, there has been an interplay between the
upwelling discharging spring water and the local shallow
groundwater of meteoric origin within the Upper Engadine
valley.

This is based on the very small difference in hydraulic
head between the two water types and the missing confining
layer directly at the capture site. The degree to which the two
water types have mixed over time was largely ruled by the
integrity of the confining layer that is present in the spring
discharge area and by the hydraulic head difference between
the two water types, as mentioned in Grieshaber (1965).

This unstable hydrogeological situation induces the fol-
lowing processes:

First, the mixing between the ascending mineral water
and the surficial local groundwater: this main process is due
to the different inherent properties of the two water com-
ponents: as the local groundwater is much less mineralized
than the Mauritius mineral spring water, the mixing with
the much higher mineralized ascending mineral water leads
to a reduction of the concentrations of dissolved ions in the
discharging mineral water at the captured spring site, par-
ticularly in the concentration of chloride and magnesium
ions (refer to Fig. 25).

Second, this mixing process leads to the secondary effects
of the loss of free CO, by escape to local groundwater along
leaks of the confining layer at the capture site and, therefore,
also to the loss of overpressure. This prevents the spring
from discharging in a jet or a geyser-like fashion, and leads
further to the loss of dissolved iron: within the mixing front
of uprising mineral water to local groundwater, the concen-
tration of dissolved iron is lowered by the loss of CO, over-
pressure and the reaction with dissolved oxygen present in
the shallow groundwater. In addition, these two processes
cause ferric oxyhydroxide phases to precipitate.

Current characteristics of the Mauritius mineral
spring

The Mauritius spring mineral water has become well rec-
ognized due to its unique, characteristic, main organoleptic
taste with the following characteristic attributes:

the rusty smell of iron,

the sour (acid) taste (carbonic acid),

the sparkling water with a high excess of gaseous CO,,
and the salty flavor at the end (its finish).
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Fig.26 The vision of a recovered geyser-like outflow, as a revival of
the sparkling Champagne-like Mauritius spring water! (Design: W.
Balderer, 30.8.2022)

Now, the outflowing Mauritius spring mineral water of
today still contains all these properties (but for some con-
noisseurs of mineral water they may appear less strong).

But if the experience for a visitor is not touching all
human senses as the geyser-like outflow fountain/pond
with visible uprising CO, bubbles would do, the attraction
remains limited for him.

Therefore, even if all important features of Mauritius
mineral spring water, its composition and taste remain
unchanged, and it can be tasted as sparkling sour iron-rich
water now at a waterspout fountain (Fig. 15), today’s visitor
will not be much impressed and excited.

He will not be aware that the medical statement expressed
in Késs, W. & H. (2008) is still valid, that the emanating gas-
eous CO, will enhance the blood circulation in the human
body, nor its effects on suppressing stress hormones such as
Adrenalin and Noradrenalin, and that, therefore, it is rec-
ommended in case of low to medium severe cardiac insuf-
ficiency and to diminish feelings of anxiety.

In other words, he will not be aware that he could grasp
for a free, efficient remedy against light forms of anxiety
and psychical depression as also to overcome signs of low
to medium severe cardiac insufficiency.

Therefore, the still valid suggestion of Paracelsus: “drink
Mauritius spring mineral water and stay healthy!” should be
stated as brand property more prominently!

Outlook on future aspects of utilization

Today’s Mauritius spring is trapped above the place of the
removed original Bronze Age capture (Fig. 11) situated in an
underground building that contains all technical installations
and at the upper level the spring capture outflow fountain
(Figs. 12, 13, and 14). To be spectacular also in the future,
the Mauritius mineral spring capture should be restored now,
nearly 80 years after the last capture improvements were made!

As a restoration inside the existing technical building
containing the spring capture is quite difficult to be real-
ized, there would be as a second option the construction of
a completely new spring capture.

@ Springer

Solution for the future: recovered geyser outflow

at St. Moritz with a revival of the sparkling
Champagne-like water! The re-appearance of the St.
Mauritius spring spirit!

This leads to the alternative, at least as a dream, to real-
ize directly a recovered geyser-like outflow, this would be a
revival of the sparkling Champagne-like original Mauritius
spring water!” as a kind of rebirth of the original St. Mau-
ritius spring spirit!

Such a recovered geyser-like outflow at the soil surface
(Fig. 26), accessible to all visitors with realized outside free
tasting possibilities would be a new fantastic and famous
attraction for St. Moritz as a health resort and mineral spa!

That dream is not too far away as demonstrated for a short
period by the San Gian Geothermal exploration borehole,
where its outflowing water was described by the drilling
supervisor B. Aemissegger (1993) as tasting very strong,
sparkling, and salty. “It smelled like the Mauritius mineral
spring water, also “sour and rusty” (due to its very high iron
content of 100 mg Fe**/)”.

To fulfill this dream of a completely new recapture of the
Mauritius spring water would mean:

e To establish a new capture by a new deep-drilled bore-
hole (as exemplified by the San Gian thermal exploration
borehole),

e For reducing the risks of failing, to capture the wished
high top quality, a geophysical, and geological local site
survey must be done including a soil gas survey for local-
ization of the trace of the Engadine Fault Line.

e In an ideal case, the final accessed resulting water would
coincide with the expectations in taste, concentration,
water composition, and CO, gas overpressure.

e If one does find the idea utopic _, A similar project
was already realized elsewhere as the history of the
Andernach Geyser is showing! (https://www.geysir-ander
nach.de/).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12665-023-10800-x.
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