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INVESTIGATING MAGNESITE FROM AUSTRIA

J. C. Deelman, Eindhoven (The Netherlands)

INTRODUCTION

Austria has played a major role in the developnwmur knowledge of the mineral
magnesite. Anhydrous magnesium carbonate has hseovdred first in the former Empire
of Austria-Hungary, and for many years Austria whae world-wide largest exporter of
magnesite. Up to the now theories on the moderaidton of magnesite are dominated by a
variety of Austrian publications.

The present paper gives a sketch of the discoviettyeomineral magnesite, anhydrous
magnesium carbonate, and it reviews much of thstiagi older literature on magnesite as
found in Austria. The rationale for the presentaaxt is the discovery of an answer to "the
magnesite problem”, a scientific problem that hested for more than two hundred years.
For too long no laboratory syntheses of magnesitelected at temperatures characteristic of
the earth's surface were known. Therefore mineisttodrave found it hard to accept a
possible interpretation of magnesite deposits asnbabeen formed in the sedimentary
environment. However, this situation has changedidmentally, because reproducible low-
temperature syntheses of magnesite have becomenkiieelman, 1999; Alves dos Anjos et
al., 2011 and Hobbs & Xu, 2020).

Certainty about the possible formation of magnesit¢he sedimentary environment
gives an unexpected new dimension to the ongoisgudsions on the formation of Austrian
magnesites.

HISTORY

Most likely the first description of anhydrous magium carbonate found as a rock in
nature was given by Lampadius (1800), who had aedlya rock sample collected by the
Irish mineralogist George Mitchel in Hrubsitz, Meia (formerly Austria-Hungary, now
Hrubiste, Czech Republic). The French version of the pagdrampadius & Mitchel (1804)
contains additional information on the mineral:h#d been found in a serpentinite rock
together withMeerschaum(= sepiolite). The analysis of the new mineral llgmpadius
(1800) was confirmed by Klaproth (1807), who hadaoted samples of magnesite from
Kraubath in Austria.

Lampadius (1800) mentioned, how Werner had inclutegl new mineral in his
nomenclature aeine Talkerdgas recorded later by Werner, 1804 and by Ludig§4). In
this way Lampadius (1800) created the impressitiat the definition of magnesium
carbonatergine Talkerdgby Werner in 1785 would take historical precegertowever, as
Berzelius (1814) pointed out, the mineralogicaltsys of Werner as well as that of Haty
(1801) were based on morphology and did not inaateoany chemical analyses (in contrast
to for example the classifications of Cronsted@;AWallerius, 1772 and Ludwig, 1804). In
the absence of an adequate chemical analysisniitotde maintained, thaeine Talkerde



would be the equivalent of magnesite. Actually, Wéer(1804) had includeckine Talkerde
into the talc genus of his system together Werschaunand serpentine.

Brochant (1802) described magnesiteTasre magnésienne naturell8uckow (1803)
gave its name akohlenstoffsdure Bittererdend Ludwig (1804) listed three synonyms for
anhydrous magnesium carbonateine Talkerde Talc carbonatumand Magnésie native
carbonate Giobert (1804) reported magnesite from a stehkieerock near Baldissero; after
describing its physical properties, a chemical ysialwas performed and it showed the
presence of magnesium and carbon dioxide togetfieravsmall amount of silica. Giobert
(1804) gave the nanmaagnesia nativéo this specific mineral. After finding magnesitear
Baldissero, Giobert (1806) also reported on magmelsom the neighbouring town of
Castellamonte, Italy. However, this second kind magnesium carbonate showed a
behaviour, which was different from the magnegitenf Baldissero: it would dissolve in any
kind of acid. Analysis showed it to consist mainfymagnesium and carbon dioxide, but 18
to 20 wt.% silica was present as well.

The namenagnesiteas such probably has been introduced by Delamét{ier95), but
that author used the same name for a variety ohesigm compounds (such as carbonate,
sulphate, nitrate and chloride) and not specifycldl anhydrous magnesium carbonate found
as a mineral. Brongiart (1807) pointed out, how nesite resembled chalk and white clay,
but that its chemistry was quite different fromsbdwo rocks. After dissolving magnesite in
concentrated sulphuric acid a solution formed whigpon complete desiccation, gave
crystals of magnesium sulphate. Although Brondia807) was well aware of the magnesite
found by Mitchel in Hrubige, he did not want to consider it to be a new, viaial
mineralogical species and included for examiéerschaumn the same category. By doing
so Brongiart (1807) created confusion over theritedn of magnesite, because he included
other magnesium containing minerals (suclmagnésite plastiquevhich was mentioned as
a synonym foMeerschaumand themagnésite piémontaiskescribed by Giobert, 1804 from
Baldissero, as well as tmeagnésite de VallecaSpain).

Ultimately it was Karsten (1808 B, p.95), who redad the name magnesite to the
anhydrous magnesium carbonate found in nature. Mplea of magnesite from the type
locality of Hrubschitz / Hrubi& was analyzed by Haberle & Bucholz (1809): wethdbael
analyses gave its composition as 48 wt.% magnesiige plus 52 wt.% carbon dioxide
(which equals the molar composition of pure Mg Qhe chemical analyses of samples of
magnesite from the same location by Klaproth (18d8ye the following composition:
“Bittererde 48; Kohlensaure 49; Wasset 3

Stromeyer (1815) analyzed samples of magnesite fiben new location of
Baumgarten, Silezia (now: Prokolno, Poland) andchébthese to consist of pure magnesium
carbonate, but this kind of magnesite was hardeam #my other known variety. None of the
seven samples analyzed, contained any calcium caidobut they were found to contain 1.4
wt.% water. From which Stromeyer (1815) concludbdi someTalkerdehydra(= hydrated
magnesium oxide) had to be present. The analyzezemages of anhydrous magnesium
carbonate were invariably around 47 wt.% and cadioride accounted for 50 wt.% of the
samples. As Stromeyer (1815) stated, his analysepared well with those of magnesite
from Kraubath (Austria) published earlier by Klafro(1807) and those by Haberle &
Bucholz (1809), who had analyzed the magnesite tioutbschitz / Hrubige.

Walmstedt (1822) described, how he had analyzeatl sample from the collection
owned by Berzelius. The crystals resembled in a thage of calciteKalkspath), but exact
measurements with a goniometer gave slightly differvalues for the interplanar angles.
Density of magnesite was measured as 3.063 kghimemical analysis showed the rock to
consist of 84 wt.% magnesium carbondeh{ensaure Talkerdel0 wt.% iron carbonate, 3
wt.% manganese carbonate plus traces of silicavatdr. Walmstedt (1822) stressed the



fact, that according to Mitscherlich (1820, 1821B), the three aforementioned carbonate
minerals are isomorphous and therefore able to fomired crystals of intermediate
compositions. Brooke (1823, p.382) also used citggit@phic measurements to underline his
conclusion, that he had found a carbonate diffefeotn “bitter spar or magnesian
carbonate of limé(i.e., dolomite). After dissolving a sample ofathvery carbonate from
Tirol in dilute sulphuric acid, a precipitate of gresium sulphate was obtained, which tasted
very strongly of iron. Except for a small amount tafc, no insoluble residue remained.
Therefore Brooke (1823, p.383) described this naingsmple to be “a carbonate of magnesia
and iron”. In an additional analysis Brooke (1848und the sample to contain 90 %
magnesium carbonate plus 10 % iron carbonate. Mitich (1827) analyzed a sample of
magnesite from the Pfitschtal, Austria (now: ValMizze, Italy) and, found it to consist of
82.91 wt % MgCQ, 15.59 wt.% FeC@ and 1.19 wt.% MnC®.

Stromeyer (1827 A, B, C) analyzed a mineral heeddilagnesitspathwhich was in
fact a well-crystallized form of anhydrous magnesioarbonate. The analyses showed the
mineral to consist of virtually pure MgGQvithout a trace of calcium carbonate, but with
small amounts of iron (ll) carbonate and mangaremsbonate. According to Stromeyer
(1827 A, B, C) magnesium carbonate had been foymdouthat moment only in an
amorphous form. The crystalline form of Mgefad been described before, but it had been
given the name oBitterspath The nameBitterspathlater became restricted to the mineral
dolomite. Mohs (1820) gave in his definition Brachytypes Kalkhaloidhe following
synonyms: Braunspath Rautenspath(after Werner);chaux carbonatée ferrifere perlée,
chaux magnésifer@fter Haly)and even included dolomite. Because Mohs was aailyr
sure about the distinction between the new minenal dolomite, he had sent samples to
Stromeyer at the University of Géttingen. Ultimgt&tromeyer (1827 A, B, C) could only
confirm, that the newly defineBrachytypes Kalkhaloidf Mohs did not contain any calcium
carbonate. On the other hand, the samples anabg&tiromeyer were found to contain 8 to
17 wt.% FeCQ

MAGNESITE IN AUSTRIA

In publications on the origin of Austrian magneghe concept of “metasomatism” is
often invoked to explain the mode of formation ofignesite. Therefore it is necessary to
trace the origin of this concept and to clearlyirkeft.

Presumably the first time the concept of metas@mativas used, is recorded in the
textbook on mineralogy by Naumann (1828). The cphees introduced in the following
manner: some changes in mineralogy would origingten mere contact with water, heat,
light or air; those were the reactions typical bé tprocess of weathering. There were,
however, other changes affecting minerals, takiagein a somewhat mysterious way, and
leading to what might be considered as a kind ofganic decomposition. After this change
in mineralogy, the outer form of the crystal mighell be preserved. In other words the
minerals had undergone a kind of metamorphosisamed for the occasion into
“metasomatosis”. In his later publication Naumari®50) wrote more clearly about the
relations between pseudomorphosis and the newipedkeprocess: all pseudomorphs were
the result of “metasomatosis”. In one of the felwsmquent papers dealing with the definition
of metasomatism, Goldschmidt (1922) restricted thther wide-ranging definition of
Naumann (1828) to "changes in the overall minesaloga rock under the influence of an
external supply of material”. In translation Goldstdt’'s definition reads: “Metasomatism is
the conversion of a rock, during which materiaingoduced into that rock, followed by



bonding or enrichment of the newly introduced matday way of certain chemical reactions,
in which both original and newly formed mineralkdgart.” The materials introduced could
be gases, solutions or liquid melts. In the absearfcany metasomatic processes, each
metamorphic rock would reflect the exact chemicamposition of the rock before
metamorphism took place. As a good example of mataism Goldschmidt (1922)
mentioned the conversion of limestone into dolomibeit the conversions typical of
metasomatism would not be restricted to carbonat&st Other examples could be found
among the metamorphic silicates, especially whenaated with ore deposits.

According to Lindgren (1933) rocks will be affectedtwo different ways by water (or
rather: aqueous solutions). In the first place waater would be able to soak into the porous
or fissured rocks and start descending througAstending hot solutions would affect the
rocks even more; such hot solutions were knownnbareate from plutonic intrusions or
resulting from volcanic activity. But metasomatisrauld be different: “The water penetrates
the rocks in capillary openings. By the phenomekimown as adsorption, the film of liquid
on the solid contains more than an average amdunaterial in solution and these films are
likely to become supersaturated in advance ofeéheamder of the solution, so that chemical
reactions will be facilitated. In this manner thenaralogical and structural character of rocks
may be changed”: Lindgren (1933, p.23). After &img the importance of water in the
processes of metamorphism and metasomatism, Lind@@83, p.89) stated: “Solution and
precipitation go on continuously; one or the otimary predominate at any given place.”

A clear distinction needs to be made between Isye(tl833) concept of
metamorphismand Naumann’s (1828) conceptmetasomatosidn this regard, two useful
definitions were given by Lindgren (1933). Metamagm involves processes, which result
in a partial or complete crystallization or recefktation of solid masses of rocks (for
example the change of granite into gneiss, or alnschist into clay shale). Metasomatism
was defined by Lindgren (1933, p.91) as “the prsaafspractically simultaneous capillary
solution and deposition by which a new mineral aftly or wholly differing chemical
composition may grow in the body of an old minenaimineral aggregate.” Such a process of
metasomatism would leave its traces in the fornps#udomorphs and in the form of the
petrification of fossils; the occurrence of metastism provides evidence that the rocks
involved were subject tanstable conditiongas Lindgren, 1933 put it). Korzhinsky (1964,
p.1714) gave the following interpretation of thencept: “Present-day geologists understand
the metasomatism concept to designate any substituivhich alters the chemical
composition of a rock, providing the minerals ie thider country rock are dissolved and new
minerals are deposited almost simultaneously, dbk, therefore, remains a solid throughout
the entire process.”

From 1810 to 1900

One of the very first papers describing magnesibenfAustria is that by Klaproth
(1810), in which chemical analyses of a sample ajmesite from Kraubath, Obersteiermark
were recorded. (Samples from this very location Ieeh described macroscopically, but not
analyzed chemically, by Karsten, 1808 A.) The asedyby Klaproth (1810) showed the
sample to consist of 48 wt.% magnesium oxi8it¢rerdg, 49 wt.% carbon dioxide and 3
wt.% water. Especially this very low water contant its high percentage of carbon dioxide
distinguished the magnesite mineral from the magnesld by pharmacistdviagnesia der
Officinenor magnesia alba, i.e., magnesium hydroxide catedn



Von Hauer (1852) and Von Hauer & Foetterle (18%poarted on magnesite from the
Triebenstein Mountain near St. Lorenzen, Austrigei@ical analyses were performed by
Carl von Hauer (1852) on a sample of magnesite fe@mmering given to him by Foetterle.
One year later Stur (1853) found magnesite at twlero Austrian locations: on the
southeastern slope of the Grimming mountain (NWmaiutenfels) and in an area northwest
of Triebenstein im Sung. These two sites had pteshyo been explored by Adolph von
Morlot, who thought the upper and lower bordershef magnesite deposits there to be rather
unclear. (Von Morlot was at that time, much likeakz Ritter von Hauer, Carl von Hauer,
Franz Foetterle and Dionys Stir employed at Kwdserlich-Koénigliche Geologische
Reichsanstalof Vienng. Foetterle (1855) related, how he had re-ingastid several of the
rock samples collected in the area of Bruck anMaer (Steiermark) and had found these
samples to consist of pure magnesite. The magnesiuck an der Mur occurs there
intercalated with limestone, which limestone is ended in schists. Analyses by Carl von
Hauer (1854), showed the magnesite to be a verg fanm of magnesium carbonate.
Foetterle (1855) reminded his readers, that thisqodar deposit of magnesite was the fifth
occurrence of magnesite in Austria: the first twadhbeen described by Von Hauer &
Foetterle (1852) and the other two by Stur (1853).

Miller von Hauenfels (1864) found two different kim of magnesite in the serpentinite
near Kraubat(h): in cracks and fissures a compext &f magnesite occurred, which was
explained to have been deposited from hot, ascgrsbfutions (thermae). The second kind
of magnesite was clearly crystallingldgnesitspat)) and often occurred in association with
talc in crystalline slates. According to Miller vadauenfels (1864) the latter kind of
magnesite must have originated in the manner stefyéy Foetterle (1855): that is by way
of a reaction between the embedding schists andagnesia-rich solution. Hofer von
Heimhalt (1866) published chemical analyses of makples, he had collected near Leoben
and Veitsch. The serpentinite masses of Veitschirasgspersed with numerous veins of
magnesite, often of considerable thickness andeadtgxtension. Enclosed in the magnesite
are pieces of serpentinite rock, which in turn avs¢ by many thin veins of magnesite.
Chemical analysis showed the magnesite of Veitsdbetpure MgC@. The dolomitization
of gneiss masses by magnesium bicarbonate solutiothe manner suggested by Nauck
(1848) and Scheerer (1866), was explained to haea besponsible for the formation of the
serpentinite. Karl Ritter von Hauer (1867) analysadhples of magnesite from Bruck an der
Mur, and found the samples to be as pure as those the very first known Austrian
magnesite deposit of St. Katharein an der LamingrifNof Leoben). Von Hauer (1867)
stressed the possible economical significanceisfviéry pure magnesite, especially its use as
heat-resistant bricks for the lining of steel fures. The review by Von Zepharovich (1873)
included magnesite deposits in the Austrian praviot Salzburg (Semmering, Schellgaden,
Flachau, Kollmannsegg bei Dienten and NockelbergSichwarzleo Thal); in Steiermark
(Mariazell, Katharein, Barnegg a.d. Mur, Kraubain am Triebenstein, Trieben, Grimmig
(near Trautenfels and Irdning); in Karnten (Waldeimy and Tirol (Salzberg near Hall,
Greiner and Rothenkopf in the Zillertal, Fassa Bfitsch).

A multitude of field observations had convinced Ruirfl873 A, B, C), that crystalline
magnesite invariably occurs in close contact withals or with talc- or chlorite slate. Only
two other parageneses had become known: the mégmeshe anhydrite of Hall (Austria)
and that in the melaphyr porphyrite of Zwickau (@any). Magnesite hageverbeen found
contacting limestone or dolomites (according toftekl observations by Rumpf that is!). In
contrast, the cryptocrystalline variety of magresias always found in or near serpentinite
rocks. Furthermore, the two different kinds of megjite, the crystalline and the
cryptocrystalline varieties, had never been foumdtrno each other. The two types of
magnesite, amorphous and crystalline, thereforetbdae genetically quite different from



each other. Much like Bischof (1855), Rumpf conelddthat the concentration of the
required Mg-bicarbonate solution and factors sugltha rate of crystallization, temperature
of the solution and the possible presence of athts in solution, would determine whether
the amorphous or the crystalline form of Mg&®ould originate. Many (field) observations
on crystalline magnesite deposits in Steiermark beeh made by Rumpf (1873 B); without
exception all of those crystalline magnesites awzlrintercalated in clay slates. Two
examples were discussed in detail: the magnesi@ fBunk (Steiermark) and that from
Semmering (Nieder-Oesterreich). Both of these sk what is known as tHeinolit
texture.

Rumpf (1876) related, how he had tried to deterntimeestratigraphic position of the
Pinolit-magnesite from the Sunk area, and had actuallpdotrinoids fragments in the
limestones just below the massive magnesite-cantpimarbles. It is of considerable
importance to realize, how Rumpf (1876) interprethd origin of the magnesite from
Steiermark as having been formed by thermae spigngp in shallow parts of the sea, and he
hinted, that therefore magnesite would have beendd more or less as a sedimentary rock.
Rumpf (1876), after studying the magnesite depaditor example Sunk, Wald, Mautern,
Oberdorf and Mixnitz, tended to agree with the &g dual classification of a crystalline
and an amorphous kind of magnesite. At the same Rumpf (1876) stated to never have
found any indications for a possible transitiorpogviously existing dolomite into crystalline
magnesite, nor had he ever noted any possible rogbaine origin. Ultimately, Rumpf (1876)
repeated his suggestion, that tRanolit-Magnesitmust have formed from thermae. The
thermae possibly carried magnesium bicarbonatetisogy but most certainly magnesium
sulphate would have been present too. A reactibmdsn organic compounds from the black
muds (which later changed into black shale intataahs in between the magnesite layers)
and the magnesium in solution must have been reggerfor the formation of the mineral
magnesite.

Meanwhile various authors contributed more and nuas& on the occurrence of
magnesite in Austria. Von Gumbel (1880) observiedt the samples of tHedthikalk,he had
collected in Switzerland, strongly resembled saspliea carbonate rock (from tNeéerfener
Schichteh found near EImen (in the Kufstein area, Austr@hemical analysis showed this
particular carbonate to consist of magnesium catsyrwith only minor amounts of SiQ
Al,O3 , MNO and FgO3; as admixtures. Because Von Gumbel (1880) alsoamase of the
possible economic value of magnesite for the prodocof steel, he urged his fellow
geologists to investigate the vast deposits of resigm in the Austrian Alps (thereby
repeating the suggestion by Von Hauer, 1867).

Much like Hochstetter (1854) had done previouslghrauf (1882) studied the area
around Kemze (near Budweis; in those days part of the Aarstdungarian Empire) and
found magnesite, opal and chalcedony in fissuresvains of the host rock, a weathered
serpentinite. Schrauf (1882) stated specificaligt there the magnesite had not formed at the
same time as the serpentinite, but only much lapem the weathering of the serpentinite.
Von Foullon (1884 A) described magnesite crystalh wones of different colour found in
the Kaswassergraben (near @eifling, Ennstal, Steiermark). Von Foullon (1884 B
investigated the magnesite deposit near Dientan hitgdd been studied previously by Carl von
Hauer (1867) and Rumpf (1873 A, B, C; 1874 A, BheTchemical composition of this
magnesite was much the same as that reported bhattee two authors, but Von Foullon
(1884 B) noted something special in the insoluklidue. Very small crystallites of pyrite
and colourless, platy crystallites of the minergidete were recognized under the
microscope.

Koch (1893) found various fossils, among whi€moductus punctatysSpirifer
octoplicatus Zaphrentis sp., Fenestella sp., and crinoid stem fragments of Lower



Carboniferous age in the magnesite deposit of toghern Mur area (near Veitsch).
However, the fossils had been found mainly in th&areous shale partings and narrow
layers of limestone within the magnesite deposlthdugh a few fossils had really been
found in the magnesite itself, the fossils from t¥el were badly preserved, and consisted
almost exclusively of crinoid stem fragments. Soofethose crinoid stem fragments
consisted partly of dolomite and partly of magresit one and the same fragment. Vacek
(1893) related, how Koch (1893) had concluded sacmndary origin of magnesite from pre-
existing limestones being caused by magnesiumsadiitions. Vacek (1893) observed, how
the magnesite of the Sattlerkogel / Veitsch depuasitonly had underlying limestones, but in
places had underlying shale formations. In otherdapothe field observations by Koch
(1893) turned out, not to have been really conwnigchVacek (1893) maintained, that when
looking in detail, the multitude of contacts betwaeagnesite and limestone were so very
sharp and well-defined, that no transition fromdstone into magnesite seemed possible.

From 1900 to 1950

Weinschenk (1900) studied numerous outcrops oftaliysee magnesite near Wald im
Liesinthal, which appeared to be closely relatedht talc-graphite deposits of Mautern in
Steiermark. Redlich (1900) reported on a newlyntbmagnesite deposit near St. Martin at
the basis of the Grimming Mountain (Ennstal, Steenk). According to Baumgartel (1902)
the magnesite deposits of the Eastern Alps woule lmiginated from granite intrusions,
changing limestone into magnesite and shales attodieposits. Similarly, Humphrey (1905)
explained magnesite formation in terms of a gramteusion, but added that during the
ensuing process of contact metamorphism, solutremsld have penetrated along bedding
planes, leading to the typical intercalations ofodute and magnesite layers. In addition,
Humphrey (1905) described dolomites containing temaof crinoids together with
magnesite and siderite from the vicinity of Turrgokar Reichenau, Austria). Horhager
(1911) was convinced that volcanic activity durihg@ Alpine orogenesis, and especially its
inherent hydrothermal solutions, had been the seatce of the formation of iron carbonate
and magnesium carbonate. Iron-rich solutions wdadge initiated the formation of iron
carbonates, whereas magnesium-rich solutions vesponsible for the magnesite masses. At
points of overlap between the two different hydesthal solutions, mixed carbonates would
have resulted. At the same time Horhager (191&rteq a possible alteration of pre-existing
dolomite into magnesite. If such a conversion wdsie taken place, half the volume of the
dolomite would have to be removed in one way ortlaro As a consequence the remaining
dolomite would have to be highly porous, which &wiously was not the case. The well-
defined parallel alternations of layers of magreesiith beds of dolomite occurring in the
magnesite deposit at the Stangalpe near TurracktriAu could, according to Hoérhager
(1911), be interpreted only as evidence contradjciny suggested gradual conversion of
dolomite into magnesite.

The mode of formation of the iron carbonate degositthe Hittenberg (Kérnten) was
attributed by Baumgartel (1902) to the conversidncalcium-magnesium carbonates by
solutions stemming from volcanic intrusions (aseéegdolutions, that is). Any suggestion of
a possible sedimentary origin of this particulapaiet was ruled out; instead Baumgartel
(1902) thought an epigenetic mode of formation ¢luing the replacement of pre-existing
limestone) to be most likely.

Redlich (1903) started out his paper on the orifimagnesite deposits in Austria with
noting, that it had become more and more cleat,dfnatiform ore deposits need not be of a



sedimentary origin. That observation might well d@plicable to magnesite and ankerite
deposits. North of the main Alpine chain there wasvast system of layered rocks
(limestones, shales) and conglomerates, known e$thuwackenzonewhich contained
many of such stratiform iron- and magnesium cartemaBecause Redlich (1903) had
observed thé&inolit texture not only in magnesite, but also in ironboaate (ankerite) ores,
he concluded, that both mineral deposits must laweed in an analogous manner. At the
same time Redlich (1903) postulated, how magnesiist have formed from pre-existing
limestones through a “diffusion” process, much like way in which dolomite would have
formed. (An observation which had previously beeadenby Hofer von Heimhalt, 1866). In
conclusion Redlich (1903) hypothesized, how submeaxiolcanism would have led to the
formation of stratiform mafic rocks and tuffs, amolw this volcanism would have ended with
thermal springs changing limestones into dolomiten@agnesite (as Rumpf, 1876 had
suggested).

Two newly discovered deposits of magnesite wererdesd by Canaval (1904): one
near the Goldegg Mountain and another near Tra@bagmical analysis of a sample from the
latter location showed it to contain 89 % MgeCO4 % FeCQ plus traces of CaCQ The
insoluble residue consisted of quartz, muscoviteagraphite-like substance. Contacting the
magnesite deposit of Tragail were layers of doleramd ankerite. Canaval (1904) was well
aware of the replacement theory of Weinschenk (188d Redlich (1903), but considered an
epigenetic origin for this particular case not ety unlikely.

Redlich (1907) reported on large masses of magndsit Austria) embedded in
dolomite, which dolomite originally must have caisd of limestone. All of the minerals
occurring in the magnesite deposit of the SattlgekgVeitsch) were listed by Cornu (1908).
Magnesite, iron-rich magnesite (breunnerite), dalerand talc formed the main part of this
particular deposit. Finely divided pyrite was ngadlways present in the magnesite.
Secondary minerals such as quartz, ankerite, aitegaralcite, and leuchtenbergite were
found in the magnesite and the dolomite. Veinsubptsdes cutting through the magnesite
contained quartz, chalcopyrite and pyrite. Upontiverdng of the sulphide veins, a variety of
epigenetic minerals would be formed, including rolkite, azurite, chrysocolla, limonite and
goethite. Cornu (1908) recognized aragonite as a&lmagnesium sulphate (epsomite) as
recently formed minerals at this location. Unweeatdemagnesite showed a white colour, but
the oxidation of the ever-present, fine-grainedtpygave it a yellowish to yellowish-brown
colour. Cornu (1908) stressed, that he had foundenaus crinoids stem fragments in the
dolomite associated with the Sattlerkogel magneBiegllich (1908 A) did not hestitate, and
declared the siderite of the Erzberg (Steiermadgict not be of sedimentary origin at all.
The siderite must have originated from a pre-axgstimestone through a conversion brought
about by "iron solutions".

According to the analyses by Hammer (1909) the rmesitgm from Stiereck (Ortler
Alpen) is rich in iron carbonate (some 17 wt.% FgC®lowever, much more prominent is
the dolomite at this location, which was analyze@dntain some 8 wt.% iron (Il) carbonate.
Two new Austrian magnesite deposits were describpedRedlich (1908 B): one on the
Millstatter Alp and the other at Mallnock near &stwald. Both deposits of magnesite
originally must have consisted of limestone (Rddlit908 B). Redlich & Cornu (1908)
pointed out, how the paragenesis of talc and magnewlicates, that magnesia solutions
must have changed not only shale into talc, but laisestone into magnesite. After studying
the magnesite deposit of the Hinter-Eichberg ndag@itz, Sigmund (1909) stated that a
sedimentary origin could be excluded at beforehand.

Redlich (1909 B) expressed a need for an adequassification of the Austrian
magnesites, and defined four different types of meage. The first type of magnesite, or
“Typus Hall”, had been found in anhydrite layerstioé salt mines at Hall, Tirol. Breithaupt



(1841) had described this particular magnesit€abonites allotropusThe magnesite itself
had a gray to black colour, and contained a chaatit texture, which Redlich had given
the name of “Pinolite-like”, because the small lesdmaking up this texture resembled the
fruits of the pine tre®inus pineaThe mode of formation of this particular kindroagnesite
was explained by Redlich (1909 B) as follows: ia tverall process of the formation of rock
salt, first carbonates would precipitate from theygorating seawater. After that calcium
sulphate, sodium chloride and magnesium sulphatddrvollow. Once a brine containing
predominatly magnesium sulphate had been formedyoiild react with the previously
formed carbonates. In this way aragonite would fa@sformed into dolomite, and upon
prolonged exposure of this dolomite to the con@atr magnesium sulphate solution, it
would be changed into magnesite. Evidence in suppothis explanation was found by
Redlich (1909 B) in the occurrence of magnesitgypsum deposits found in the Spanish
Pyrenee Mountains and in other parts of northermirS(see: Tenne, 1902). Precht (1882)
and Biltz & Marcus (1910) found magnesite in thekrgalt from Stafurt (near Magdeburg,
Germany). Much the same paragenesis had been edpfstdm Vauds (Switzerland) by
Kenngott (1866). Later Bucking (1911) described nemite from rock salt in Zipaquira
(Columbia) and from the rock salt in the Douglaklnaihe (near Borde-Hakel, Germany).
Bicking (1911) recalled how Ochsenius (1890) hachdomagnesite in the carnallite deposits
of that same salt mine and Goérgey (1912 A) hadrdest magnesite in the rock salt deposits
of Wittelsheim, France.

The second category of Austrian magnesites was thdigus Kraubath”, after the
town of Kraubath in Steiermark. Here magnesite oo sills within nearly every
serpentinite or its parent rocks (peridotite and-idy gabbro). Field observations had
convinced Redlich (1909 B), that the actual formmatof magnesite did not at all coincide
with the time of formation of the serpentinite; magite formation must have happened
much later. Upon the weathering the actual fornmatb magnesite did not start in the top
layers of a soil, but depths of at least 50 cm wdd required (at the same time opal and two
forms of antigorite would be formed). Large massgserpentinite without any magnesite
present indicated, that magnesite formation wowddlet place simultaneous with the
weathering of the mineral serpentine.

Redlich (1909 B) had noted in the field, how thealbath kind of magnesite was
quite plastic and soft to the touch. Microscopicamination had failed to reveal any
crystallites. In conclusion therefore Redlich (19BY described his second category of
magnesite as “a gel”: definitely not a crystallifoem of magnesite (thereby following the
much earlier description of the same materialTasrmaterites magnesiusy Breithaupt,
1841). Aragonite and dolomite had been found aukath together with the newly formed
magnesite.

The third type of Austrian magnesite came from@reiner area in Tirol and had been
described originally by Breithaupt (1841) @arbonites brachitypicusr EisentalkspatThe
magnesite occurred in close association with ddlrand manganese-rich dolomite. This
third type of magnesite from the classification Rgdlich (1909 B) was given the name of
“Typus Veitsch”. Its formation would be closely attd to the metamorphism of limestones,
and often this type of magnesite occurred intetedla black slates (see also: Redlich 1903,
1907, 1908 A, 1909 A). Mineralogical analyses a$ trery magnesite previously conducted
by Von Foullon (1885), had shown the presence ofenals typical of the neighbouring
crystalline shales. High percentages of iron casb®nvere responsible for the formation of
MgCO; — FeCQ mixed crystals. The explanation of the mode omiation of the “Typus
Veitsch” magnesite given by Rumpf (1876) (i.e., aigin from thermae in the sea) was
rejected by Redlich (1909 B); formation during nmetephism seemed much more likely.
Large dolomite crystals inside the magnesite, bpeeially the presence of crinoid fragments
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now converted into magnesite or dolomite, wouldnfothe undeniable evidence of a
secondary conversion of limestone into magnesi@/oandolomite. In the explanation of
Redlich (1909 B) this change must have been cabgetiagnesium bicarbonate solutions
reacting with the limestones; large amounts ofigaiccarbonate must have been removed.
Much the same reaction would cause the formatidalofdeposits, when silicates in the form
of shales were present.

Ascher (1917) critized the observations made byliBled1909 C) on the magnesite
found near St. Martin an der Salza, Steiermarktt@nbasis of his own detailed knowledge
of the area and its magnesite (in Werfener SchichtgnAscher (1917) outlined various
mistakes made by Redlich (1909 C), not only misprtations of field observations but also
false suggestions as to the possible industriaifsignce of the deposit. At the same time
Ascher (1917) included various remarks made bydinector of the geological survey in
Berlin, Germany, contradicting most of the conadnsi reached by Redlich (1909 C).

Magnesite formation, much like that of dolomite,ulb always need relatively high
values of the C®-pressure for its formation (as Redlich, 1914 Airded). When finding
calcite, dolomite and magnesite together, suchgeamsis would indicate an incomplete
stage in the process of metamorphosis. AccordingRédlich (1914 A) an important
observation with regard to the mode of formationmafgnesite had been made by Leitmeier
(1909): after desiccating a quantity of spa watemf Rohitsch Sauerbrunn (which spa water
is in fact a magnesium bicarbonate solution) nelsguiée and/or lansfordite formed, both of
which changed relatively quickly into amorphous megjte. The formation of amorphous
magnesite of the Veitsch type was, according tdife{L914 A), invariably associated with
serpentinite. Such a serpentinite rock forms upuw weathering of the mineral olivine
through the action of C{Qdissolved in water. This weathering process hahsudied in a
variety of laboratory experiments (although therdyonesquehonite or lansfordite would
form). What remained was the question how the, E@ontaining water would be able to
enter into the rock: would rain water sicker throupe soil and take up large amounts of
carbon dioxide there (descending solutigR Or would CQ -rich water rise up from deep-
seated sources, invariably related to intrusionbasfic magmas (i.eascending solutioy?
Writing about the mode of formation of the firsh#iof magnesite, the “Typus Hall”, Redlich
(1914 A) did not at all doubt the fact, that thisdkof magnesite in salt deposits would have
had a “metasomatic” origin.

It should be realized, that Redlich (1914 A) hagvad at his three different models of
magnesite formation on the basis of field obseovetionly. The common factor between all
three processes was the inherent “metamorphosisalcfum carbonate”. In this regard
Redlich (1914 A) stressed the significance of theeovations made by Grinberg (1913),
who had distinguished three different series oboaates, which were miscible amongst each
other only within their own group:

I CaCQ, SrCQ, BaCQ and PbCQ

CaMg(CQ), , CaFe(CQ, and CaMn(CG);
[l = MgCOQOs, FeCQ, MNnCG; and ZnCQ.

The three groups of carbonates defined by Grunl§@f8i3) explained at once, why
magnesite so often contained iron carbonate. Atstime time Redlich (1914 A) observed,
how calcium and magnesium on the one hand, andupnaland iron on the other, were
apparently not able to form complete series of whixeystals. In nature only the mixed
crystals of definite composition dolomite and arteewere known. Pure iron (Il) carbonate
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(siderite) would have formed in much the same waynmagnesite would have formed.
(Pichler had documented the close association leetwven carbonates and dolomite as early
as 1858.) Redlich (1914 A) explained how sidemteuld have originated upon the
interaction of Fe (II) bicarbonate solutions wittrg-existing) solid CaC§, during which
reaction ankerite might be formed as well. HoweasrRedlich (1914 A) noted, the origin of,
and the venues for, such iron (Il) bicarbonate tswhs posed a major problem. In his 1916
paper Redlich returned to the subject of the orajimon carbonates. The suggestion that all
of the ores in magnesite deposits had a “metasofmatigin (the suggestion of Redlich &
GroPpietsch, 1913) was reiterated by Redlich (1916) Vhst deposit of siderite of the
Steirische Erzberg must have been formed in ex#icdyymanner: through “metasomatosis”.
The presence of a variety of mixed crystals of Md &e (llI) carbonate, such as ankerite and
breunnerite, provided all of the necessary evidemgeaddition to siderite, amounts of
dolomite had become known from the Erzberg, at ginmethe form of zoned crystals of
dolomite and siderite. According to the field obsgions by Redlich (1916) the iron
carbonates and the magnesite deposits had formgafter folds and faults originated.

Redlich (1917 A) discussed the paper by LeitmeE916 A), but restricted his
comments to the crystalline type of magnesite aestricted himself even more by
considering only “observations from nature”. Thamhe of limestone into dolomite, and the
possible later change of dolomite into magnesie, een doubted by Leitmeier (1916 A) on
the grounds of chemical theory. Redlich (1917 Aurdered this point by stressing the
significance of his field observation, that at tehalf of the magnesite deposit of Veitsch
consisted of pure dolomite. The suggestion of Leiem (1916 A), that depending on the
degree to which magnesium chloride solutions waelalct with pre-existing carbonates,
dolomite or magnesite would form, was claimed bylRé (1917 A) as his own. However,
such an explanation would apply solely to the kafidnagnesite found in rock salt (“Typus
Hall”). The underlying suggestion found in Leitmese(1916 A) paper concerning a possible
marine, sedimentary origin of magnesite, was fuglpuejected by Redlich. The main
argument used by Redlich (1917 A), was that susiiggestion was contradicted hy. ‘all of
the observations ever made on Alpine magnesitesit€pdn other words: Redlich (1917 A)
choose to consider only field observations as wbishwhile. The laboratory experiments by
Leitmeier (1916 A) would have revealed themseleelse wholly inadequate to “explain” the
mode of formation of magnesite (at least accordmdredlich!). Similarly, the suggestion
made by Sigmund (1909), that the Semmering magnesght be of an “epigenetic” (i.e.,
not secondary) origin, was rejected by Mohr (19&@6)the ground of a most remarkable
argument: because all the rest of the Austrian @sitgs were of a metasomatic origin, there
really could be no exception for the Semmering neaga.

Most of the magnesite from Kraubath is microcrystal (Gel-Magnesit as Granigg
(1910) pointed out. In addition Granigg (1910) ssed the fact, that the Kraubath magnesite
(at least in its type locality) occurs in irreguéard rather small quantities, making large-scale
exploitation almost impossible and certainly unesuital. According to Horhager (1911)
there really is a close relation between magnesite deposits of iron carbonate. However,
the possible transformation of limestone into datenor into magnesite seemed unlikely,
because it required the removal of such vast amsafrtalcium carbonate. At the same time,
this transformation theory was unable to explaig firesence of iron carbonate in the
magnesite. According to Redlich (1903) the formatd magnesite and iron carbonate could
only be explained in terms of metamorphic reactidf@rhager's (1911) observations on the
regular intercalations of magnesite layers in ddalensequences at the Stangalpe near
Turrach had given the impression, that descendiagn@asium-rich solutions had partly, but
very regularly, changed dolomite layers into mageeJ he deposits of iron carbonate and
those of anhydrous magnesium carbonate must hayieaied during volcanic intrusions of
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serpentine and granite. Hot springs would have siggmbiron carbonate in the deeper regions
and magnesium carbonate in the higher parts. The faet that the hot magnesium-rich
solutions moved downwards through the rock woulgtoxen by the decreasing amounts of
magnesite with depth.

Magnesite in the highly metamorphic limestones afléVand Trieben were described
by Heritsch (1912). ThePinolit texture found near Triebenstein-Sunk must have, had
according to Heritsch (1912), an "epigenetic" arigkern (1912) expressed his doubts
concerning the often suggested “metasomatic” mdderigin of magnesite, and instead
proposed a purely sedimentary origin, whereby theeasary magnesium would have been
supplied by metamorphism of diabase and porphyiy gmeen schists. Notably the extreme
geographical range of the Austrian magnesite déepagas difficult to understand, when
assuming a metasomatic orgin (which should have bagch more localized). Furthermore
the immense quantities of dissolved magnesia cootchave been supplied by the solutions
involved in metasomatism. In Kern's (1912) view tbanation of the Austrian magnesite
deposits would be related to processes of postm@Em, because of the association between
magnesites and ultrabasic igneous rocks.

The magnesite deposit of Trens (near FreienfelcEisacktal) had been studied by
Canaval (1912), who performed not only microscopid, also geochemical analyses. One of
his observations concerned the black material fonride Austrian magnesites. In contrast to
the often repeated suggestion, that the black mhtenould consist of graphite, Canaval
(1912) found it to be mainly coal with small amauot pyrite in it. Concerning the mode of
formation of magnesite, Canaval (1912) could noeagvith the explanation given by Kern
(1912). The suggested sedimentary mode of formationld require immense amounts of
magnesium bicarbonate solution; in reality, thetiahiprecipitate would have been a
cryptocrystalline form of magnesium carbonate, Whi@ter changed into crystalline
magnesite due to high pressures and high tempesathiotably the necessary vast amounts
of magnesium bicarbonate would make Kern’s (19h2pty untenable (that is, according to
Canaval, 1912).

Redlich (1912) repeated his theory, that the tldiferent types of magnesite defined
by him in 1909 would really represent three difféarenodes of formation. The claim made by
Bischof (1847), that not only bicarbonate soluti@esning from below, but also GGrich
water originating in the soil, would be instruménitethe formation of magnesite, might well
be of significance in this regard. Redlich (1912ded that in order for the bicarbonate
solution to exert its influence, it should be abtepenetrate the underlying rocks through
crevices and fissures. Weathering of magnesiuncasés (serpentine, olivine) would
invariably give rise to (amorphous) silica. This atleering process would lead to the
"amorphous" form of magnesite (and @urhofian the "amorphous" form of dolomite).
Concerning the mode of formation of the "Typus Kail", Redlich (1912) stated, that the
crystalline form of magnesium carbonate always iregu high temperatures (as the
experiments by Pfaff, 1907 would have shown). Thexond category of crystalline
magnesite was often found in association with satterals or with aragonite, dolomite,
guartz and/or talc. In contrast to his 1909 (B)artite classification Redlich now subdivided
the crystalline magnesites into five different skes 1- "Typus Hall" (magnesite in rock salt);
2 - "Typus Greiner" (iron-rich magnesite from talates); 3 - "Typus Veitsch” (magnesite
with the Pinolit texture); 4 - magnesite from (plutonic) intrusipasd 5 - magnesite formed
by "pneumatolysis”.

After a detailed investigation of the Veitsch arBadlich (1913) postulated, how the
magnesite there must have been formed long befmdarge-scale Alpine tectonics had
taken place. The local paragenesis of Veitsch st;f magnesite, dolomite, ankerite,
aragonite, (idiomorphic) quartz, pyrite, and (ofdgally during the summer) epsomite (see
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also: Cornu, 1908). Redlich & Qipietsch (1913) concluded, on the basis of the ralner
paragenesis magnesite, quartz, talc and clinoghtoaie the Austrian magnesite deposits must
have originated during low-grade metamorphism. kRbed Grofpietsch (1913) had found,
and had chemically analyzed, numerous fossils Igorgastropoda, crinoids and
brachiopoda), which consisted of magnesite or datankinding these fossils, and realizing
that all of these once had consisted of calciurbazate, led to the postulation of a chemical
reaction between CaGCand magnesium-rich solutions to initially give aioiite. This
dolomite in turn would have reacted with the renmajnmagnesium-rich solution to give
magnesite. Redlich & Gfpietsch (1913) expressed their support for the nfobal)
observations of Retgers (1891), in that they hadeen able to find in nature any carbonates
with a composition in between that of dolomite andgnesite. Redlich (1914 A) provided
convincing evidence for his theory of a secondd&ange of calcium carbonate into dolomite,
which subsequently had been changed into magnegite form the crinoid fragments found
by him, which consisted partly of dolomite and, tlre very same specimen, partly of
magnesite. Redlich (1914 A) called into memoryl#imratory syntheses of magnesite by De
Sénarmont (1849, 1850, 1851 A, B), De Marignac §)8Bfaff (1894) and Klement (1894,
1895). Notably the experiments by Schmidt (19134 dbiesel (1911) had clearly
demonstrated, according to Redlich (1914 A), hovgmesite exclusively forms under high
carbon dioxide pressures.

A new deposit of magnesite (near St. Erhard inBhatenau region) was found by
Sigmund (1914), who thought it to be of sedimentargin, because it was as well bedded as
the magnesite from the Eichberg mountain in the rBenmg area. If the theory of Koch
(1893) and Redlich & Cornu (1908) would be corréog, infiltrating magnesia-rich solutions
responsible for the (secondary) change of preiaegidimestones must have left clear traces
behind in the form of magnesium salts at the jumdtiof the many bedding planes of the
original rock. Thus, the absence of such a framkwbinterrelated magnesite veins crossing
the bedding planes showed, that no secondary csiower by circulating solutions could
have taken place. Sigmund (1914) observed the dedithed bedding of the magnesite in the
large quarry of St. Erhard and concluded from fai, that the magnesite there, much like
that of the Semmering area, had to be of a printhgt, issedimentaryorigin. The presence
of widely distributed, but small and local occurcea of dolomite contributed more evidence
in this regard (Sigmund, 1914). Such local nestdabdbmite greatly reduced the economical
value of the magnesite rock, because they lowdredtrength of the burnt product, making
it impossible for use as kiln lining. The crinoidew consisting of magnesite described by
Redlich (1914 A) provided, in the view of Sigmunti9{4), additional and convincing
evidence of a possible sedimentary origin. Becafsthe tectonic disturbances that took
place after the deposition of the (sedimentary) meade, the correct interpretation of field
observations had become rather complicated.

Redlich (1914 B) studied the magnesite - breunmerisiderite deposits enclosed in
shales near Gloggnitz am Hart in the Semmering, are explained how magnesite and talc
must have originated in much the same manner. Thwrere the infiltrating magnesia
solutions were able to react with silica, talc Hadned. The magnesite itself, invariably
associated with dolomite and limestone, would Haeen formed in the manner described by
Redlich & Cornu (1908). Close relations between megge and nickel ores such as the
nickel silicate called garnierite, were suggesteKaft (1915). The formation of magnesite
would have taken place according to Kraft (1915)irduthe weathering of serpentinite; at
first hydrated magnesium carbonate would have fdreneolloidal precipitate, but during the
later stages of its formation metasomatism woulteh@ayed an important role.

Leitmeier (1916 A), thereby following Rumpf (187@xpressed as his conviction, that
magnesite (and dolomite as well) may well have ioatgd in the marine environment.
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Leitmeier (1916 A, B) could not agree with the exption given by Redlich (1903, 1909 B,
1914 B) concerning the metasomatic mode of formatibmagnesite. In Leitmeier's view
descending solutions of magnesium chloride ricltarbon dioxide would react with pre-
existing limestones to give magnesite. Even soyvatdéel temperatures as well as high
pressures would be required. The initial reactiomdpcts might well be magnesium calcite
(the Linck’'sche Mischsa)zor hydrated magnesium carbonates, which laterddvdahydrate
into anhydrous magnesium carbonate.

Writing on the iron ores of Eisenerz in SteiermaRedlich (1916) concluded on a
metamorphic origin not only for the iron ores (sitee ankerite), but also for the smaller
amounts of magnesite found there. The irregulatridigion of magnesite would point
toward penetration through fissures and faultshef ltmestone. Even so, the origin and the
nature of the solutions carrying magnesia werecleatr to Redlich (1916).

Leitmeier (1917) responded to the criticism by R&#d(1917), whose major complaint
was that Leitmeier’s laboratory experiments hadimgt to do with “the reality as seen in the
field”. The suggestion made by Leitmeier (1916 A) a marine (i.e., sedimentary or
authigenic) origin for magnesite was rejected bylRa, because only magnesite in rock salt
might have originated in such a manner but ceganolt the two other types of magnesite.
However, Leitmeier (1917) did not want to attribthat much importance to a classification
of magnesite based only on field observations. (fieéd) evidence in the form of crinoid
fragments (partly) consisting of magnesite, citgdRedlich in support of his suggestion of
the conversion sequence calcite — dolomite — matgnegas seriously doubted by Leitmeier
(1917). No convincing examples of crinoid fragmefiem magnesite layer®iad been
described up to that moment. Renewed analyses gh@sde samples with crinoids, samples
given by Redlich to Leitmeier, all revealed considde amounts of incorporated calcium
carbonate: the mineralogy was dolomite and not msig;n Redlich (1918) wanted to have
the last word in his discussion with Leitmeier, apderated, that observations made in the
field always held priority over any and all geochesh considerations. Contrary to the
conclusion of Leitmeier, that magnesite depositstnmave had an origin in the sedimentary
environment, Redlich (1918) declared all magnedibebave an “epigenetic, metasomatic”
origin. In this regard, Redlich (1918) considerkd trinoid ossicles now (partly) consisting
of dolomite and/or magnesite as the best evidencavour of his view of a secondary
conversion. Without any doubt, these crinoid fragtaeoriginally had consisted of calcium
carbonate. Not everyone would disagree with thevsief Redlich. For example Machatschki
(1922), writing on the magnesite deposits of theswassergraben near @reifling,
subscribed to Redlich's suggestion of a metamorphienge of calcium carbonate and
dolomite into magnesite. Especially the presencdissures filled with magnesite in the
dolomite of the Kaswassergraben area had convirddedhatschki (1922) of such a
conversion by way of magnesiume-rich solutions.

Two magnesite deposits of Hohenburg (KaintaleckstAa), originally described by
Kittl (1920), were revisited by Redlich (1921). Thest deposit (at Wiesergut) contained
exceptionally pure magnesite with little or no aate or iron. The second deposit at Arzberg
(near Neuberg) contained dolomite and limestoneaddition to magnesite. In the
interpretation of Redlich (1921) both magnesite ad#is must have originated in an
epigenetic manner and certainly not as sedimentginally Redlich had thought epigenetic
to mean metamorphic, but later he became convirieaa,not only external solutions would
have changed the pre-existing limestones, butatiditionally solutions circulating through
numerous fissures must have contributed to sigmfichanges in mineralogy.

Genetic relations between calcium carbonate, daéorand magnesite have been
indicated by Angel (1924). Microscopic examinatiohdolomite thin-sections had shown
sporadic fossil fragments, granoblasts of dolonaitgstallites together with intergranular
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graphite-like material. The dolomite crystals oftsinowed bi-axial optics; Angel (1924)
claimed this phenomenon to have been caused by priggsures during burial. Irregular
patches of dolomite had been found inside the nmsmdn many instances it was easy to
recognize magnesite in the field because ofPitsolit texture.The presence of a black,
graphite-like intergranular substance in betweer thacroscopicPinolites made the
determination of the magnesite much easier. Magmegas usually macrocrystalline, but
microcrystalline magnesite had been found as Wk latter kind of magnesite was found in
association with weathered serpentinite rocks. Ar{@825) explained the formation of
magnesite in the Austrian Gleinalpen to be thelteguwo different metamorphic reactions.
The first step involved a reaction of the minedaline with carbon dioxide and water to give
serpentine plus magnesite. The second step woutdvim the change of enstatite reacting
with carbon dioxide and water to give talc plus mesite.

According to Mohr (1925) magnesite had to be ofamarphic origin, although low-
grade metamorphic, as witnessed by the presenceneirals such as edpidote, chlorite, talc
and possibly even albite and zoisite. Thereforemasige formation would require a certain
minimum pressure and a minimum temperature. AnotAggument in favour of a
metamorphic origin would be the complete absenaecofirrences of modern magnesite (or
dolomite) in the sedimentary environment. A thirtguanent was the absence of any
magnesite in Paleozoic rocks, which lacked anyesad metamorphism. There was only one
difficulty: when assuming the metamorphic (or metaatic) conversion of limestone or
dolomite into magnesite, a very large amount oticah carbonate needed to be removed.
Any supply of magnesium-rich solutions was unlikelgcording to Mohr (1925), because
nowhere any evidence of magnesium-carrying veisavar been found. The conversion as
such must have consisted of a selective removalatifium carbonate from pre-existing
dolomite or limestone. Proof of this kind of rembwé calcium carbonate could be found in
the view of Mohr (1925) in the countless (thermsgdjings carrying calcium bicarbonate in
solution, which were active even at that moment.

The often observed relation between the Austriagmasites and the mineral talc was
emphasized by Rozsa (1925 A). A distinct spatiffedintiation of the carbonate minerals
calcite, dolomite and magnesite would exist in nmagnesite deposits. The mineral talc is
invariably found immediately near the dolomite lesyeThe source of the silicate necessary
for the formation of talc is to be found in the lgsacontacting the dolomite. At times, talc
was not only found in the magnesite masses, botialshe dolomite. In other words, the
occurrence of talc within the large-scale Alpinegmesite deposits was, according to Rozsa
(1925 A), primarily related to the contacting shétemations. Rézsa (1925 B, C) re-
interpreted the formation of magnesite in terma @rimary marine sediment. Especially the
often observed interlayered sequences of limestdalemite and magnesite could not be
explained through any secondary changes. Howeu@sd&r(1925 B, C) could not exclude
the possible effects of submarine eruptions duRadeozoic times, when these carbonates
had been formed. In his field studies R6zsa (192&8Bhad never been able to detect any
calcium carbonate in magnesite, and similarly nevsr magnesite in limestone. Calcite and
magnesite seemed mutually exclusive; dolomite adveppeared as an “intermediate”. R6zsa
(1926) repeated his observations on the "primaggline of the Austrian siderite - dolomite -
magnesite deposits, and added, that for examplesthall-scale alternations between
limestone and dolomite can not be explained by"aegondary" process: these oscillations
pointed toward a sedimentary origin. Fine laminadjooften visible as colour differences in
the magnesite deposits, contributed evidence abgieal changes for example in amount of
rainfall, not only in the case of magnesite, buidoahs recorded in the laminations of
limestones and dolomites.



16

The close relations between Austrian magnesitestactdnics were highlighted by
Schwinner (1925), after he had studied the localagg of the area near the Brenner Pass.
For example, the magnesite of Turrach must have beened after the large-scale Alpine
tectonics had ended. In addition Schwinner (1926¢lpimed, how all magnesite deposits of
the same nature must have formed during only oméogieal event of possibly restricted
extension. In other words, it would be difficult toaintain, that all Austrian magnesite
deposits would have one and the same origin. Famele the magnesites of Turrach and
Steinach showed no traces of any tectonical defiooman clear contrast to many other
Austrian magnesite deposits. The relations betwesstonics and magnesite were re-
investigated by Petrascheck (1926), who noted heengbld-containing quartz veins of the
Hohe Tauern mountains cut through the schistosith® gneiss masses and therefore these
guartz veins had to be younger than the orogemyf.itdt various other locations in the
Austrian Alps much the same relations exist: inegah ore formation would post-date
tectonics. Exactly this view was now applied byr&stheck (1926) to the formation of
magnesite deposits: following Schwinner (1925), nesite as well as siderite deposits had to
be of post-tectonic origin. Redlich (1926 A) coulot agree more: magnesite could not have
had a sedimentary origin, but must have been “egige’ and definitely formed after the
main tectonic events in the Alps had ceased.

Microscopic studies of magnesite samples from Ka#tulzonvinced Clar (1928), that
the nameGel-Magnesitcould no longer be used, because all of such ssmpére seen to
consist of very small crystallites. Therefore C{a928) suggested to replace the term gel
magnesite witldichter Magnesi{= compact magnesite). Only three years laterlaHaP31)
confirmed Clar's observation, and stated that tmeet different classes of magnesite
introduced by Redlich (1909 B), could not be mamdd becaus@&o form of amorphous
magnesite existed at all (Halla, 1931 based hespnétation on X-ray diffraction).

Clar (1928) claimed magnesite formation not havenbene of numerous metamorphic
reactions, but instead it had to be the resulthef weathering of serpentinite rocks (as
Leitmeier, 1914 had suggested). Formation of magmas Kraubath would be the result of a
reaction of serpentinite rock with G@ontaining water. Subsequently Clar (1928) disedss
the three different theories on magnesite formatibthat time. The first theory explained
magnesite formation in terms of a process of metpmem (Angel, 1925; Angel & Martiny,
1925). The second theory explained magnesite foaom#&b be the result of descending £O
rich solutions, which theory had been advanced taft{1915), Krusch (1912) and Von Zur
Muhlen (1920). Both Redlich (1914 B) and Leitmgi#914) had rejected this theory of the
descending solutions; main arguments were, that allotserpentinite rocks contained
magnesite; the absence of a regular distributiottepa the lack of modern magnesite
deposits; and the low content of dissolved carbowride in groundwater. Clar (1928) found
the third theory on the formation of the Kraubatlagmesite deposits to be the most
convincing, thereby following the suggestion made leitmeier (1914, 1915) of the
secondary conversion of nesquehonite. As shown dgmieier (1909) in his experiments,
magnesium carbonate trinydrate (and not the anlkgdform of magnesium carbonate) is
what precipitates from a magnesium bicarbonatetisoluClar (1928) gave two arguments in
favour of the third theory. In the first place th&sociation of magnesite with siliceous nickel
ores. At the same time Clar (1928) had seen ithimissections clear examples of the role of
ascending C@-rich solutions. The usual fine-grained characfethe compact magnesite of
Kraubath must have its origin in the dehydratiorM@fC0Os.3 H,O as claimed by Leitmeier
(1914). Apparently, not everyone thought the argusieof Clar (1928) to be quite
convincing. For example, Petrascheck (1928), withaking the trouble to cite any evidence,
declared all magnesites from the Austrian regiorstaiermark to have had a metasomatic
origin. In his reaction, Clar (1931) once more diteis detailed microscopic analyses in



17

support of the idea, that magnesite (at least thgnesite of Breitenau) had nothing to do
with tectonics. Especially the thinly-bedded anctrdy laminated texture had to be of a
primary origin. Post-sedimentary metasomatic orametrphic effects had not been observed
by Clar (1931).

The close relations between magnesite and sidegte pointed out by Petrascheck
(1926, 1932). Because of the irregular nature eflibdding planes, magnesite as well as
siderite could not have originated as sedimente. fobhmation of talc, in many instances an
accessory, would have taken place concomitant tétformation of magnesite. In a number
of instances the horizontal transition of one itite other could be recognized in the field.
Where traces of bedding planes could be recognibede had to be of sedimentary origin
overprinted during metasomatism. Major tectonicnéyanust have occurregrior to the
formation of magnesite and siderite. PetrascheBBZLrepeated his view, that the Austrian
magnesite deposits post-dated the Alpine orogengld Fstudies had shown how the
magnesite deposits lacked any well-defined strapigic position. Siderite deposits showed
much the same lack. At beforehand Petrascheck jl1@p2cted any possible formation of
magnesite in the sedimentary environment (whichlbeh suggested for example by Rézsa,
1925 B). What really precipitated in the sedimentmvironment was magnesium hydroxide
carbonate. The necessary high concentrations ohesagm bicarbonate could not be found
in any normal sedimentary environment and theref@etrascheck (1932) claimed, that
magnesium hydroxide carbonate could occur in lakely. The possible change of any
magnesium hydroxide carbonate into magnesite dunetamorphosis could be excluded,
because all of the Austrian magnesite depositsraeecalated with marine sediments (and
not with lacustrine sediments). Nevertheless, Belrack (1932) had to admit that magnesite
often possessed distinct bedding, usually parédiethe bedding planes of the contacting
limestones or shale. Obviously, this bedding phesrmm is of primary origin. However,
Petrascheck (1932) claimed, that no such relatetavden primary bedding and magnesite
formation would exist. The cause of bedding planasagnesite deposits had to be found in
the original bedding planes of the pre-existingelgtones. The only exception would be the
magnesite from Hall in Tirol. The formation of irgi) carbonate deposits by way of €O
rich weathering (i.e., descending) solutions waubd be possible according to Petrascheck
(1932), because oxidation of¥¢o FE* would lead to the precipitation of iron oxides &nd
hydroxides such as limonite. From this very congmari Petrascheck (1932) drew the
conclusion, that the formation of the related mageeadeposits could not have taken place by
“descending” solutions (i.e., during the weathenumgcess). In addition, Petrascheck (1932)
described crinoid stem fragments only partiallylaepd by magnesite, whereas others
consisted of dolomite, and wondered about the rathegular behaviour of the replacement
process during metasomatism.

In many instances magnesite deposits do show bggdtmes parallel to the contacting
limestones, dolomites and shales. In the explamatio Petrascheck (1932) this bedding
phenomenon would be caused by very thin intercalatiof graphite, by alternations in
colour or by differences in grain size between vidlial layers. Any effects of rhythmic
deposition or diffusion processes were excluded Pegrascheck (1932). The bedding
phenomenon was also found in siderite depositstiaué alternations between dolomite and
siderite were involved. In clear contrast to thesecaof magnesite, Petrascheck (1932)
explained the bedding of siderite to be primamsy., iof sedimentary origin. There would be a
close relation between the Alpine deposits of mag@eand siderite and other ore deposits
(such as copper, nickel, lead and zinc). After atipg his earlier observation, that magnesite
is not confined to any specific stratigraphic hong, Petrascheck (1932) once more denied
the possible formation of magnesite as a sedinftepting the secondary conversion of
calcite or dolomite into magnesite implies a coasadble loss of volume (24.3 % in the case
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of the conversion of calcite into magnesite). Asoasequence all metasomatic magnesite
deposits had to be quite porous. Petrascheck (183Rhed to have found evidence of (at
least former) porosity in virtually all magnesitasd siderites in the form of microscopioc
textures. Often dolomite could be seen to fill the primary porosity.

The Alpine magnesites of Austria had to have a swostetic origin according to
Himmelbauer (1933). Evidence in the form of crirolthving been changed into magnesite
indicated a secondary origin, but the completeediard of magnesite deposits for any
bedding planes could only be seen as evidence vaufaof metasomatism. The close
association with iron carbonate deposits and tlesgmce of Cu, Sb and As minerals in
virtually all magnesites contributed further evidenas to the latter's metasomatic origin.
After having analyzed the magnesite deposit ofEhéachen Alm, Friedrich & Peltzmann
(1937) suggested on the basis of especially itptglite fauna, that the limestones from
which later the magnesite originated during metagm, must have been of Paleozoic age.
Clearly, the intitial limestones pre-dated the @aeats, plutonism and metamorphism of all of
the Alpine events.

Numerous macrofossils found in a shale intercataiio the magnesite deposit of
Veitsch have been described by Metz (1937). Fodsisd included the brachiopoda
Productus gigantoideandOrthis (Schizophora) resupinata

Schwinner (1937) was not at all convinced of thesale relations between magnesite
deposits and intrusions of granite; instead he ghbwa close relation to exist between
magnesite and basic magmatic rocks such as diamsphibolite and serpentine.
Furthermore no clear correlation between magnekfeosits and Alpidic tectonics would
exist; instead the tectonics involved would havetaplace in the Carboniferous era. After
the metamorphosis of olivine-rich rocks into setpete, still following the explanation
given by Schwinner (1937), magnesia-rich groundwateving downwards (“descending”)
would have been responsible for the actual formatd magnesite. In his later papers
Schwinner (1942, 1949) described, how he had beable to detect any relations between
the Austrian magnesite deposits and deposits odlliwebres (such as Pb, Zn and As). The
local formation of certain ore deposits and fort thrtter of magnesite deposits too, would
have to be closely related to the local compositibtine intruding plutons.

The formation of the Austrian magnesites has béteibaed by Angel (1939 A, B) to
metamorphism, but he could not discover any rafati@tween magnesite and siderite
deposits. The closely related geochemical behawbunagnesium and iron would prevent
the separation into different ore bodies. Findiegpasate ore bodies of magnesite and of
siderite had to mean, that the two had been deggbséparately in location or in time. Angel
(1939 A) did not hesitate to attribute the formatiof the magnesite deposits of the
Gleineralpen to metamorphic reactions. Previouslgteng marls, limestones and dolomites
had been the source of vast amounts of carbond#ipx@nd this carbon dioxide must have
been instrumental in the formation of magnesitee Vary mechanism responsible for the
origin of magnesite had to be the reaction of s#rpie rocks of magmatic origin, reacting
during metamorphism with carbon dioxide and watsrcording to Angel (1939 B) the
magnesite deposits of the Erzberg, as well asass$ reserves of iron ore (iron sulphide as
well as iron carbonate), must have had a metamorphgin. That is to say: originally a
metamorphic assemblage had been formed (involengds of peridotite within a variety of
other metamorphic rocks), which locally would hdeen changed into magnesite by way of
metasomatism.

The Austrian magnesite deposits are tectonicallyated deeper than iron-copper
deposits (Metz, 1938). When the two kinds of deggosiould be near to each other, the
magnesites would be seen to contain more iron. Mi@tahism certainly had influenced both
kinds of deposits, and therefore metamorphism ladbe younger than ore deposition;
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metamorphism in itself being the result of largalsdectonic events. Two different zones of
metamorphism could be distinguished. Metz (1938) mated, much like Brinkmann (1928)
and Petrascheck (1932), how the degree of metansonpkdepended on burial depth.
Magnesite in combination with talc was found exilaky in the more highly metamorphosed
rocks. Siderite deposits are both tectonically gadgraphically separated from the former
two. In short, Metz (1938) could only confirm thedations between magnesite formation and
metamorphism indicated by Clar & Friedrich (1938jith respect to the possible origin of
the vast amounts of magnesia, Metz (1938) consideasic rocks, possibly altered during
metamorphism, to be their ultimate source. Schwir{t®42) also discussed the relations
between the tectonics and ore deposits of the Eaélps, and started out with the general
observation, that the petrology of a certain areald/be determined to a large degree by the
properties of the underlying magma. In this regdmel Eastern Alps of Austria should be
regarded as representing one petrologic unit. Thgnesite deposits of the region were all
related to (ultra-) basic magmas, which had beamgéd into mainly serpentinite rocks.

The relations between magnesite and metamorphisra haen discussed in some
detail by Clar (1945). One would have to try amatifthe more simple solution to the problem
of the metamorphic origin of magnesite. There wdwddno need to postulate the removal or
the addition of large amounts of solutions andiesalved compoundsS(offwechseinstead
of Stoffzufuhras Clar, 1945 observed). Moreover, there really m@ need for speculations
concerning the possible presence of deep-seatethanabambers. The local intrusions by
plutonic rocks all were known to be much later tlthe origin of the magnesite deposits.
Such deposits of magnesite must have been formethdiynal water. The exact age of
magnesite formation remained problematical, bec#@gselation to tectonics was not at all
clear. The suggestion that the formation of alliddpore deposits, including magnesite, had
to be the result of magma intrusions, was rejebte@lar (1945). As indicated earlier by Clar
& Friedrich (1933) and Friedrich (1937) metamorphialso must have played an important
role in addition to the magma intrusions and hykatnal solutions connected with such
intrusions. The origin of magnesite would form aodgoexample, because the intruding
magma in this part of the Alps was of a granititcun@ and not of the required Mg-rich,
ultrabasic kind. Therefore Clar (1931), much likeh®inner (1942) after him, concluded,
that hydrothermal solutions could not have beer ablsupply the magnesium needed to
form the vast amounts of magnesium carbonate. Hexy&chwinner (1946) could not agree
with the suggestion of an overall unity (of timedgplace) of events leading to the different
Alpine ore deposits as suggested by Clar (1945)olild be hard to imagine, how an acid
magma could ever be held responsible for the depo®f magnesite.

No distinction could be made according to Petraskli£945) between the origin of the
Alpine magnesite and siderite deposits and thahefother ore deposits (such as lead-zinc,
gold and silver, copper and zinc). All of these bade the result of magmatic exhalations
during the various tectonic intervals, which hafluenced the area. Nothwithstanding the
fact that the corresponding pluton had not beeoodisred, Petrascheck (1945) argued that
numerous large faults, steep boundary layers anoupsequences would offer the required
vistas forascendingpre solutions. In other words, the origin of magieesould be related to
magma intrusion rather than the often invoked metalvic processes.

Thurner (1947) noted, how the Austrian magnesifmsdits often possessed the shape
of a lens, and that these rather isolated massesmghesite were usually bordered by glide
planes typical of tectonical movement (much the esamnclusion had been formulated by
Redlich, 1935). In short, there were complicati@hge to multiple intervals of tectonic
deformations. At the same time Thurner (1947) raitsl the conclusion reached by
Schwinner (1937), that magnesite deposits occunest often near ultrabasic plutonic rocks,
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and that such magnesite deposits were not at lallece to iron carbonate (as had been
suggested by Metz, 1938).

An overview of the geology of the iron- and maguoasideposits of the Eastern Alps
was published by Metz (1948). The iron carbonafmdits of for example the Erzberg were
much easier to interpret than the closely relatedymasite, because these siderite deposits
showed clear evidence of their secondary origimftionestone formations. Not so, however,
in the case of the magnesite deposits, which int iases had become separated from their
source-limestones. In addition, the magnesite Ieaah laffected by the tectonics of the Alpine
orogeny, much more than the siderite. In geneintlagnesite deposits of the Eastern Alps
were closely related to Carboniferous limestondsth& same time the large-scale tectonic
deformations proved, that the magnesites must faaweed before the tectonic deformations
took place (in 1937 Schwinner had drawn the vemea&onclusion). In summary, Metz
(1948) stated that the Austrian magnesite andiged@eposits had undergone a low degree of
metamorphism. Mobilization of magnesium from (ufrhasic rocks would have been the
ultimate cause of magnesite formation. Similarlyame supply of iron causing siderite ore
formation must have become available from the kdeak of iron silicates during
metamorphism. In 1949 Metz described the closdioeldetween magnesite and talc (of the
magnesite deposit at Mautern). Talc would haveirmaigd from the metamorphic change of
shales, and the large amounts of carbonate ioed frethat process were responsible for the
actual formation of magnesite.

Schwinner (1949) pointed out, that no correlationld be found between Austrian
magnesite, magma and any orogeny. The Austriarst@iliypne) magnesite had been formed
upon the alteration of peridotite to serpentineniirly the formation of large masses of iron
carbonate was not the result of intrusion by madgmaéayrather the result of the accumulation
of iron set free upon the conversion of garneyrsiige and biotite into chlorite.

Although Spangenberg (1949 A) discussed the maigndsposit of Zobten (Silezia),
he arrived at important conclusions with regardht® mode of formation of magnesite in
general. The deposit of Zobten had first been destrby Von Zur Mihlen (1920).
Concerning the mode of formation of this type ofgmesite, Leitmeier (1914) and Redlich
(1914 B) had expressed their doubts concerningadsimed role otlescendaniCO, -
containing solutions. And Clar (1928) had concludedan active role foascendingCO, -
rich solutions. Thus Redlich (1934) stated that riegority of scientists would favour the
theory ofascendingCQO, -rich solutions. In other words, the Austrian megjte deposits
would have originated in hydrothermal reactionsrfrolivine, enstatite or serpentinite rocks.
According to Redlich (1934) it was in particulaetabsence of high amounts of CaO, FeO
and/or AbO3 , that provided the most convincing argument far dscendantheory. With
respect to this very argument Spangenberg (1948off)mented, that up to that moment
there was no real evidence, that such magnesites fnee from FeO. The possibility of
oxidation of embedded ores such as pyrite into iflbh oxides during the activities of
ascending solutions had, according to Spangenberg (1949 n&yer been adequately
investigated. In short, there was little or no oea® include magnesite formation in the usual
sequence of hydrothermal ore formation. Nevertisefgsangenberg (1949 A) (on the basis of
his detailed mineralogical studies) claimed a hit#omal origin for the magnesite deposit of
Zobten, and added, that ultimatefdscending(hydrothermal) C@ -rich solutions were
responsible. Spangenberg (1949 B) went into somntaildeoncerning the weathering
reactions of the mineral olivine in the ultrabasast rock at Zobten. Von Braunmuihl (1929)
as well as Redlich (1934) had invokastendingCO;, -rich solutions to explain the formation
of magnesite during the weathering of ultrabasikso In addition Spangenberg & Mdller
(1949) pointed out, how the weathering of olivinglies the removal of MgO as well as that
of SIO, . Ultimately Spangenberg & Miller (1949) invokednachanism described as
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metasomatosis to explain volume changes accompatlygnformation of magnesite and, to
a lesser extent, that of silica.

1950 to the present

The origin of the crystalline (“Typus Veitsch”) Awsin magnesite was discussed by
Rohn (1950). Any suggested relation between matgesnd the sandstones of the
Grauwackenzoneould not be maintained according to Rohn (195@xause only a very
small part of that zone actually consists of mageesrhe geographic distribution of
magnesite within this vast sandstone-shale comallexved for only one conclusion: all of
the magnesite deposits shared a common mode o&fiomm Their origin was apparently not
related to any specific stratigraphic position. @he¢he few factors in common was that the
magnesite always occurred concordant within sediangrsequences. But there were more
arguments pointing toward a possible sedimentagmgras for example Leitmeier (1916 A,
1917) had stressed. Considerable differences mase lexisted in local conditions, as
witnessed for example by variation in the amourt$ran, calcium and talc. Often these
variations were in the form of zones parallel te tiedding planes. Such local variations
contradicted in a way the much-sought-after gereexplanation for the mode of formation of
magnesite. In addition there were serious argumagasst any suggestion of an origin by
way of metasomatism. For example the field relatianth respect to the impermeable shale
layers, which must have prevented the direct corib@tween pre-existing limestones or
dolomites and magnesium-rich solutions. Furthermare intermediate stages in the
conversion of dolomite to magnesite had ever beand. Similarly no reactions between the
hypothetical magnesium solutions and other rockkeéwer been described. After giving all
of these arguments in favour of a sedimentary wyigohn (1950), somewhat surprisingly,
concluded, that the Austrian crystalline magnesitest have formed as the result of
submarine volcanic eruptions. Especially the hggyingerature laboratory syntheses of
magnesite by De Sénarmont (1851 A), conductedgbtdeatures around 423 K, were cited in
favour of this conclusion. Rohn (1950) suggestead thuring submarine volcanic eruptions
temperatures between 2,273 and 3,273 K might veelielached; more than enough to allow
for the formation of magnesite.

Friedrich (1951) devoted considerable attentiotheoquestion, whether the magnesite
deposits of Austria had had a sedimentary or asoatatic origin. The possible formation of
magnesite as a sedimentary mineral, first suggesyededlich (1909 B), could not be
excluded at beforehand. Originally, Redlich (1909 Had suggested such a mode of
formation of magnesite in highly saline environngeriuch like Redlich (1909 B) authors
such as Rumpf (1876), Kern (1912), Leitmeier (18),6R6zsa (1925 B) and Rohn (1950) all
tended toward a possible formation of magnesitehm sedimentary environment. The
argument of Rohn (1950), that all Austrian magmssitonsisted of relatively small and
irregularly-distributed bodies enclosed in limegsror in dolomites, was not taken seriously
by Leitmeier (1951). Both limestone and dolomit@teaned a high percentage of carbonate
anions and therefore the large-scale chemicalioeectypical of metasomatosis only needed
to replace calcium ions by magnesium ions. The nsediary origin of the Austrian
magnesites would become understandable only, wheri the magnesites would occur in
the same stratigraphic position. Since that wasnidety not the case, Leitmeier (1951)
thought a metasomatic origin to be the better exgilan. In addition the absence of any clear
signs of bedding, the absence of (horizontal) gmgdnto dolomite or limestone, and the
relations with talc deposits, were convincing erfofigr Leitmeier (1951) to disregard any
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possible sedimentary origin. Much less certain Wagdrich (1951) about the relations
between magnesite and siderite. There had beepraudtke for example Redlich (1914 B)
and Petrascheck (1926, 1932), who were convincatdtiie formation of these two minerals
was closely related. However, in the opinion of Ah@L939 B) and Metz (1938) magnesite
and siderite were not really related in their mofiéormation. In favour of the point of view
of Redlich and Petrascheck are for example theeclgsochemical relations between
magnesium and iron. Many siderite deposits cortie amounts of magnesium, and large
amounts of iron were invariably found in magnedieen the banded textures found in some
magnesites had their counterparts in siderite depdsxactly these close geochemical ties
between iron and magnesium were emphasized by Ai§89 B): the two would be so
closely related, that separation would be virtuaftypossible. As a result siderites and
magnesites must have formed at different momenist least geographically separated. Near
the end of his review paper Friedrich (1951) deddtés attention to the question of the
source of the magnesium ions. Several authors (gmbtem Schwinner, 1925 and
Petrascheck, 1932) held basic plutonic rocks (gabbdiabases, peridotites) responsible,
whereas Clar (1945) and Friedrich (1936) thoughitems formed during a later process of
metamorphism to be more likely. Especially the eneg of elements such as Cr, Ti and P
would indicate a truly basic rock like peridotite,be the ultimate source of the magnesium
ions (Leitmeier, 1917, 1951). The olivine minerdltbese ultrabasic rocks would be the
source of the magnesium ions for the formationyioied a reaction involving water and
carbon dioxide takes place according to:

2 M@IO4 + 2H0O + CQ — H2M93$i206+ |\/|gCC)3>

In other words, the olivine mineral would changmiserpentinite plus magnesite. But such a
reaction with water and carbon dioxide would alsarge the enstatite — bronzite minerals of
the ultrabasic rocks; in that case talc plus magnesuld result according to:

2 M§i0s +2 HO (+ CQ) — H:MgsSiyO12 + MgCGQy.

Notably the latter reaction would, still followirfgriedrich (1951), explain the often observed
paragenesis of magnesite and talc. Friedrich (19&k) somewhat puzzled by the fact, that
world-wide many occurrences of peridotite — seripétet rocks were known, but that not all
of these occurrences involved deposits of magnesitor talc. Apparently there had been
very specific factors in the Alpine orogenesis, evhhad to be responsible for the formation
of the magnesite deposits of Austria.

After reminding his readers, that Gomez de Llarfdi®1) had explained the formation
of magnesite to be a sedimentary process, Leitmgi®b3) claimed, that this very
explanation might well account for the formation thie magnesite “Typus Veitsch” in
general. The sedimentary mode of formation wasrbee likely, since Rézsa (1925 B) had
indicated seawater to be the major source of magmemns. After citing Goldschmidt’s
(1922) definition of “metsomatosis”, Leitmeier (IP5refrained from invoking it as an
explanation for magnesite deposits, because thecepondid not contribute specific
information on any possible process involved. Mmsilications suggesting metasomatism as
the cause of magnesite formation had revealee litl nothing on the actual nature of the
reactions involved (Leitmeier, 1953). The theoryatted by Mohr (1925) would be much
more to the point, because it explained formatibmagnesite from pre-existing dolomite by
way of the dissolution of calcium carbonate frora thineral dolomite. However, Leitmeier
(1953) wondered, how such a large-scale secondagge of dolomite might take place
since major changes need to be invoked. Quangtgtithe total amounts of magnesite were
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always subordinate to the vast amounts of dolorfotend, and from this observation
Leitmeier (1953) concluded, that the process ofmeage formation “was much rarer” than
that of dolomite formation. Ultimately, Leitmeiet953) concluded on the initial deposition
of nesquehonite (MgC{B H,O) from seawater followed by dehydration into masjiee
during an increase in (burial) pressure. In thigard the designation “metamorphic
sedimentary rocks” coined by Angel (1924) may viellapplicable, as Leitmeier (1953) put
it. The presence of fossils in magnesite, founchduel eitmeier himself, consisting partly of
dolomite, proved that the original magnesite ddpaosust have consisted of calcium
carbonate and had been changed into dolomite &mdthét into magnesite.

Angel & Trojer (1953) discussed in detail some 3flecknt samples of Austrian
magnesite. Almost all of their mineralogical obsd¢rons pointed toward a metasomatic
and/or metamorphic origin (thereby confirming theservations made by Petrascheck, 1932,
1945 and Redlich, 1935). Finding minerals suchalts teuchtenbergite, chlorite and sericite
of course must be considered as convincing evidimae metamorphic origin.

The origin of the Austrian magnesite deposits heenbcompared with that of the iron
carbonate (siderite) deposits by Meixner (1953)pwbncluded that the close connection
between the two (as had been originally suggesyedallich, 1903 and Petrascheck, 1932)
was essentially correct. According to Redlich (190307, 1914 A) the origin of magnesite
as well as that of siderite relies entirely on sieeondary change of pre-existing limestones,
described initially as “metamorphosis”, but lateedRch used the word “metasomatosis”.
Convincing evidence was found by Redlich & @peetsch (1913) in the partial replacement
phenomena of fragments of crinoid stems, which noomsisted of dolomite and/or
magnesite, but which must have formed as pure walaarbonate. Although Leitmeier
(1917) had expressed doubt about this observafedlich (1935) renewed his claim citing
more factual evidence. (Criticism on the work ofdReh, 1935, in particular on his
interpretation of the structural geology of the t&gofel magnesite, was published by
Awerzger & Angel, 1948). In their theory of the “tasomatic” replacement of calcium
carbonate, Redlich (1907) and Redlich & @®tsch (1913) had suggested a two-step
reaction: first dolomite would form, which later wid be transformed into magnesite. Much
the same process would change calcium carbonaidrort (Il) carbonate in two different
steps: first into ankerite, and later into sideritéowever, what the suggested theory of
“metasomatism” by Redlich cannot explain, is thet,fthat in one instance the mysteriously
percolating solutions would deliver magnesium amcamnother bivalent iron. Or did these
“metasomatic” solutions carry magnesium as welt@s (11)?

Many field observations seem to indicate, that §stoee must have been the original
material, which later underwent conversion into nesite or siderite. Meixner (1953)
emphasized the need to assume fundamentally diffezenditions for the (secondary)
formation of magnesite or siderite. Based on a itodk of geochemical analyses, Meixner
(1953) concluded, that real kinship exists betwtendeposits of Austrian magnesite and
those of siderite. The views expressed by AngeB91B) and Leitmeier (1951), that from a
geochemical point of view such a close relation wather unlikely, were not shared by
Meixner (1953).

Petrascheck (1953) recalled how Redlich (1935)dmemically analyzed crinoid stem
fragments from the brown-coloured magnesite ofHeselberg and found these to contain
43.34 (wt.) % of MgO. So many crinoids stem fragtseconsisting of dolomite and/or
magnesite had meanwhile been found, that any doabtut the possibility of the
magnesitizationof pre-existing limestone had been effectively ogad (as Petrascheck,
1953 put it). An astonishing observation on theualcbccurrence of microfossils in many
samples of magnesite from Sunk or Fieberbrunn wadenby Petrascheck (1953): when
dissolving some magnesite samples with hydrochlacid, silicified microfossils of marine
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origin were found (including sponge spicules, eodarmata fragments and aquatic fungi).
Taking this technique one step further, Petrasclagghied it to free the minerals present as
insoluble residues. In this manner data were obthirtoncerning the question raised by
Friedrich (1951) as to the specific moment at whitdignesium and iron would have been
introduced. The minerals in the insoluble residwese predominantly pyrite, (alpha-) quartz,
rutile and a black, graphite-like material of veaj@é origin. The occurrence of pyrite in
magnesite as well as in siderite proved, accordind’etrascheck (1953), that these two
carbonates could not have been formed in the sedamneenvironment. Ultimately Austrian
magnesite and siderite had to be so closely reléitatl both must have been formed during
the Alpine metallogenesis, which in turn did novdés origin in the presence of a pluton of
basic rocks in the deep underground (Petrasch&&3)1Later, Petrascheck (1963) pointed
out, how not only the Austrian magnesite depositg,also those from the Balkan, Greece
and Turkey, were closely related to centers of ditpmagmatism. In Austria the occurrences
of magnesite (and other ores as well) were path@fAlpidic metamorphosis. The Austrian
magnesite deposits all had to be, without exceptadnmetasomatic origin (Petrascheck,
1963).

The small gas bubbles within liquid inclusions ahearals (which originally had been
discovered by Sorby, 1856, 1858) were studied @aigdetail by Correns (1954), because of
their possible use as “paleothermometers”. Wheuanasg), that the liquid inclusions are of
primary origin and have not been altered duringerlagvents, their significance in
environmental reconstruction becomes clear. Exaittly point was stressed by Burruss
(1987): fluid inclusions in carbonate rocks mightlMbe affected by re-equilibration during
burial. In that case homogenization temperatureslldvacorrespond to the maximum
temperature during burial. Another complicatingtéads the uncertainty about the pressure
within the liquid inclusion (at its time of format that is). Even so, relatively simple
equipment such as a heating stage on the opticabstiope enabled reasonable estimates of
the temperature during the time of formation. Thial composition of the liquid inclusion
can be determined by spectroscopy (e.g., Vogel€ar@eissler, 1869; Konigsberger &
Muller, 1906).

A multitude of observations on the various magmesdieposits of the Salzburg area
(Austria) were interpreted by Leitmeier & Siege9%#) in terms of evidence in favour of a
sedimentary mode of formation. The significancefiatling fossils partly consisting of
magnesite and partly of dolomite was stressed @ageen. The close association between
magnesite and dolomite, in the field or in thinteetg implied according to Leitmeier &
Siegel (1954), a very close genetic relationship.

In 1956 “the magnesite problem” was described by He follows: do the Austrian
deposits of crystalline magnesite have a hydrotaemetasomatic origin, or are they
essentially of a sedimentary origin and were theypsequently overprinted during
metamorphism? Ney (1956) stressed, that any kngelém laboratory syntheses (up to
that moment only high-temperature syntheses!) baoktsupported by “facts as seen in the
field.” In this regard it is most useful to realizeow, according to Ney (1956), the
hypothetical metasomatic reactions of ultrabasaksawith circulating bicarbonate solutions
giving rise to magnesite, lacked any experimengalfication. In addition such large-scale
metasomatic reactions must have left clear evidantiee form of mineralogical changes in
rocks other than limestone and dolomite. Such ewidefrom the field had not become
known. Notwithstanding the convincing observatiopeesented by Ney (1956), the
hypothetical "metasomatic" origin of Austrian magme would remain a favourite
explanation for many years to come. For exampléddske (1956), after having studied in
great detail the magnesite deposit at Breitenaaief®bark, attributed the conversion of
dolomite into magnesite as having been brought abguconditions comparable to those
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found in the experiments of Schloemer & Nacken 8)9Bowever, the temperature of 473 K
and the pressure of 25,000 kPa used in the expetarby Schloemer & Nacken (1953),
place this particular process in the realm of hiftgonal rather than "metasomatic" changes.
At the same time, Zschucke (1956) described to iawed several (but overall very few)
samples of laminated magnesite of clear sedimewtagin.

Observations on the banded (even laminated) textfirenagnesite deposits were
presented by Clar (1954 A). Microscopic analysemtpd to an origin in terms of crystal
growth (ostsedimentére Neukristallisatipinstead of a (primary) sedimentation process.
This (secondary) change of dolomite into magnesppeared to have taken place in a
rhythmic manner. Even to such a degree, that Q@64 A, p.64) used the expressior'.af
an alternation between dissolution and depositipnoriginal German text: ".... (ein)
Wechselspiel von Losung und Absajz"

More on the overall mode of formation of Austriamgnesites was published by Clar
(1954 B). The concept of an “Alpine metallogenesi$”Petrascheck (1926, 1932, 1945),
which according to Friedrich (1951) had to include magnesite-talc-leucophyllite deposits
as well as the siderite deposits, was reconsidée€lar had concluded before, he could not
attribute magnesite formation to magma intrusiamstead magnesium supply was seen to be
closely related to the separation of serpentinenfrdtrabasic rocks (as Angel, 1939 B,
Friedrich, 1937 and Metz, 1938 had suggested).

According to Friedrich (1958, 1959) the postulateddimentary origin for the
crystalline magnesitesSpatmagnesijecould not be correct. No traces of the assumed
nesquehonite precursor (a hypothesis advanced rogxtample Leitmeier, 1951, 1953 and
Leitmeier & Siegel, 1954) had ever been describateover, a multitude of observations all
pointed to a truly metasomatic (replacement) origimaler conditions of nonequilibrium (in
the sense of Raguin, 1961). The often observedgpaesis of limestone, dolomite plus
magnesite could, according to Friedrich (1959), maivide any indication concerning its
mode of formation. All of the Austrian magnesitesign have been formed by way of
hydrothermal metasomatosis. Even so, Friedrich§L%ad shown, how many samples of
these (hydrothermal) magnesites contained religtutes (even structures) typical of
limestones and dolomites. The presence of locatemmnations of crinoids and other fossils
now consisting of magnesite was considered to pribvee "metasomatic” origin of the
magnesite.

An essential, but generally neglected, point wasedhby Clar (1956)whether or not
grain-to-grain contacts as seen with the light pscope in thin sections of compacted
carbonate rocks (such as for example Paleozoicstones) actually can be interpreted in
terms of a sequence of everf@hen seeing a magnesite rhomb penetrating neigimgpu
dolomite or calcite grains, the question could disad whether the magnesite has partly
replaced that other particle (and therefore wasnéat later), or whether the magnesite
particle had been mechanically forced into neighimgusofter grains during the compaction
of the rock as a whole. One would expect clearesé of either process, but in general no
such distinction can possibly be made (see for @karfariedrich, 1968 A). In addition Clar
(1956) doubted, whether the secondary conversidimafstone or dolomite into magnesite
would have left any evidence in the form of relycain boundaries. Notwithstanding, Clar
(1956) tended to follow the usual explanation foe formation of the Austrian magnesite in
terms of hydrothermal metasomatosis, but he coatdahall exclude an initial sedimentary
origin of at least some of those magnesite deposits

After considering a variety of laboratory obsergati on the high-temperature / high-
pressure syntheses of magnesite and dolomite, N@%6] arrived at the conclusion that
hydrothermal solutions may well be able to chandenastone into dolomite, but never be
able to change a limestone or a dolomite into aosiéf magnesite. Ney (1956) found
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another convincing argument against the theory soetatic replacement in the absence of
any “incomplete” stages of the assumed processteldre, Ney (1956) could only agree
with Leitmeier (1953), that most of the (Austriamagnesite deposits must have had a
primary, sedimentary origin that had been overpdnturing metamorphism. The most
convincing argument in favour of the origin of magite in the sedimentary environment,
according to Ney (1956), had been given by Leitm&eiegel (1954). Those two authors
had described in detail the magnesite deposit tddhenalm (near Hintertal), and revealed a
complete, and gradual, transition of a black, satype magnesiteT{pus Hal) via a brown,
cavernous magnesit&ypus Kaswassergrabgimto a grey, fine- to coarse grained crystalline
magnesite. Earlier Leitmeier & Siegel (1954) hadadded, how a number of Austrian
magnesites had become known, which lacked any atidits of a possible meastomatic
origin (thereby implying formation in the sedimemtaenvironment). The magnesite of
Entachenalm studied by Leitmeier & Siegel (1954ntams graphite and coal, which also
occur in the underlyingrauwacke SchieferMicroscopic examination showed the graphite
- coal to be made up of plant remains. In additir@microscope revealed petrological details
typical of sediments.

Vohryzka (1960) stated, that the magnesite froms#rpentinite of Kraubath had been
formed by ascendingsolutions during tectonic movements (much like rCIE928; Von
Braunmuhl, 1929; Redlich, 1934; and Petrascheck519The magnesia-rich fluids had
found ample pathways through the many fault systeimsaddition, minor amounts of
magnesite would have been (re-)deposited upon #dahering of the serpentinite rocks. At
first Schroll (1961) had reported on the presenceagnesite in the anhydrite deposits of
Lauffen (Austria) on the basis of his chemical gsa$ only. However, additional research
with differential thermal analysis and with X-rayffdhction showed unmistakingly the
presence of magnesite (in addition to dolomite @addite). Concerning the possible mode of
formation of this magnesite in anhydrite deposihr8lil (1961) expressed his support for the
idea of Friedrich (1959), in that obviously any figgnetic” formation had to be ruled out.

Angel (1962) was quite convinced, that the dolonaisewell as the magnesite of the
Grauwackenzoneould only have formed by way of metasomatosistaatithese carbonates
had not been deposited as sediments. The processtasomatosis would have changed pre-
existing limestones first into dolomite; often omgrtly. In order for the secondary change to
take place, large amounts of calcium carbonatetth&dve been removed and magnesium to
be supplied. How this large-scale replacement whalkee taken place, was not clear to Angel
(1962), the more because in many instances noefuréaction took place after dolomite had
been formed. If the supply of magnesium continded,dolomite would be dissolved again
and magnesite would have formed. In other wordgnesite would have replaced dolomite,
and Angel (1962) had actually observed such a cepiant in many of his thin sections. In
the words of Angel (1962) metasomatosis is a rephant process taking place in steps and
with a certain direction letasomatose ist also ein Verdrangungsvorgangsadr in ganz
bestimmter Richtung und in Etappen vollZieAingel, 1962, p.523). As one of the very few
students of the process of metasomatism, Angel2)186nsidered its actual mechanism in
some detail. Only tectonic movements within the-gxisting limestones could have opened
up the necessary many thoroughfares for the magmnesolutions. However, the formation
of talc in pre-existing shales upon the reactiothvaagnesia-rich solutions was difficult to
understand, because shales are quite impermealige explanation of Angel (1962) shales
and other impervious rocks would have played anomant role in stopping the magnesia-
rich solutions from moving out of the partly-contezt limestones again, and so would
explain why in some places dolomite had been foraretlin other places magnesite.

In his 1963 paper Friedrich cited numerous obsematin support of his explanation
of the origin of the magnesite deposit of Kaswagsdren in terms of metasomatosis.
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Numerous thin-sections appeared to contribute taekevidence contradicting any possible
suggestion of a sedimentary origin. In severakinsgs field relations as well as thin-section
textures indicated replacement of pre-existing oaie by magnesite. Even remnants of
calcium carbonate within dolomite relicts documentiee replacement of calcium carbonate
by dolomite as a first step in the process of magzation. At the same time Friedrich
(1963) had found more indications proving the psscef magnesite formation to be quite
separate from that of siderite formation.

Large quantities of nodular magnesite concretiamsthie shales of the Werfener
Schichten near Leogang, Austria were described ibgeb (1964). The very fact that the
magnesite nodules were enclosed in shale, excladggossibility of a metasomatic origin.
Because no traces of any halite or anhydrite weesgmt, an origin in a saline environment
could be excluded as well. A number of texturestbin the magnesite nodules, suggested
similarity with the gel-like magnesite of the Kraib type. In conclusion, Siegel (1964)
suggested, that hydrothermal solutions pouring ataarine environment would have been
responsible for magnesite formation in the WerfeBehichten. Mostler (1966) described
nine different species of conodonts from the doteniimagnesite layer of the Sauberger
Kalk, Entachen Alm (near Saalfelden, Austria). Agaosm these conodonts Mostler (1966)
found Orthocerassp., crinoid ossicles, echinodermata remains ahclspheres in the red-
coloured dolomite / magnesite. Petrascheck (1966)dconly agree with the statement of
Schwinner (1942), that the Austrian magnesites nhaste been formed between the
Variscian and the Alpidic orogeny. Not so much magntrusions, but rather their proximity
to serpentinite rocks (as suggested by Schwinrg88)1formed the most likely explanation
for their formation.

Laboratory syntheses of magnesite were describelbbgnnes (1966 A), involving the
reaction between dolomite powder and a solutioMgC€l, at temperatures between 473 and
673 K at 2 x 10 kPa pressure. In subsequent laboratory experimiottannes (1966 B)
observed a reaction between magnesite and quartpvéo talc plus carbon dioxide at
temperatures between 623 and 673 K under a presbatéeast 2 x 10kPa. Johannes (1967
A) described, how he had performed numerous hydrothl experiments (at 2 x 1@Pa
pressure and high temperatures), which led himotwlade, that serpentinite will readily
react with CQ even at relatively low pCOvalues. The reaction products are talc and
magnesite, which formed at temperatures above 533uértz instead of talc, together with
magnesite, formed in the experiments, when ultiab&sks such as dunite, forsterite and
serpentinite reacted with large amounts o, @Otemperatures between 573 and 673 K. Only
in the absence of carbon dioxide, serpentiniteccbel considered to be stable. Applying the
results from his experiments to the mode of foromatof Austrian magnesites, Johannes
(1967 A) observed, that because those magnesitgaicdree quartz, they must have been
formed during metamorphic reactions at temperatlressveen 573 and 623 K and at
pressures corresponding to burial depths not exogédto 8 km. Although Johannes (1967
B) claimed his laboratory syntheses of magnesitd @olomite) as providing ultimate insight
into metasomatic reactions, that claim might waldoubted. In all of these hydrothermal
tests pressures of 1 x1kPa or more were used, and temperatures rangedST8 to 723 K.
Such p, T conditions deserve the description oftdmerphic” rather than “metasomatic”.

Two conclusions can be drawn on the basis of tleeperiments. In the first place
Johannes (1967 B) observed, how under high presmgehigh temperature conditions,
bicarbonate solutions are not able to transportn@sigm in solution or to convert calcium
carbonate into magnesite. In the second place: rusdeh p, T conditions magnesium
chloride solutions are quite capable of changirgyrttineralogy of solid calcium carbonate:
first dolomite will form, later changing into magate. Johannes (1967 C) commented on the
paper by Rosenberg & Mills (1966) on the possibkction of CQ-solutions at temperatures
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of more than 473 K with dolomite. Their conclusiongere founded on the laboratory
experiments by Rosenberg & Holland (1964), in whptase relations between calcite,
dolomite and magnesite were studied in Ga€lMgCL — CQ, solutions at temperatures
between 548 and 693 K. According to Johannes (10bit was not possible to draw
conclusions concerning the actual formation of nesge from dolomite from those
laboratory experiments. “The proposed mechanisnergolacement of magnesite is probably
also not in agreement with observed field relatiasce the 180 different well investigated
occurrences of magnesite in the eastern Alps amsidered. In these cases calcite was as a
rule replaced by dolomite and later on, dolomitentggnesite”: Johannes (1967 C, p.148).
Later, Johannes (1969 A) described laboratory exmets on the formation of mixed
crystals of siderite and magnesite. Mixed crysita®lving magnesite required temperatures
of at least 623 K at a pressure of 1 X kPa. Johannes (1969 B) listed numerous results
from his high pressure / high temperature expertméenthe system MgO — S}G- H,O —

CO, . One of the conclusions reached was, that thendtiund assemblage of talc plus
magnesite requires temperatures of 623 to 823 K at10 kPa pressure. A number of
geologic examples were given, where the outcomthethigh pressure / high temperature
experiments could be applied. For example the natgmndeposit at Tux (Austria) contains
talc as well as chlorite (Angel & Trojer, 1953) datmerefore temperatures in excess of 573 K
and pressures of at least 30,000 kPa must haveiiesned (Johannes, 1969 B).

Experiments by Johannes (1970) indicated two plessdays in which magnesite
deposits might develop. The first mechanism coedistf CQ -metasomatism; the second
would involve magnesium-metasomatism. Numerous raxeats showed the parageneses
guartz + magnesite and talc + magnesite to bellargdependent of the C(pressure. But
the parageneses of enstatite + magnesite and dythtgp+ magnesite could only exist at
high pressures of GQ In contrast the parageneses serpentinite + nsagnadicated low
carbon dioxide pressures. Magnesium metasomatisst likely had to involve magnesium
chloride solutions. Depending on pressure, tempezatsalinity and C@ pressure, the
parageneses calcite + dolomite or dolomite + magmesuld originate. Both metasomatic
reactions required high temperatures (573 to 973Kvell as high pressure (2 xX°16 7 x
10° kPa). On the basis of his hydrothermal syntheskanhes (1970) stated specifically, that
the formation of magnesite at temperatures belo®/Kas not at all possible, and that the
formation of magnesite from normal seawater wasbtite question.

Ho6ll & Maucher (1967) reported to have found conadssils in several of the small
intercalations of calcite within the dolomite - nmagite of Tux (Tirol). Throughout the whole
of the Tux dolomite-magnesite deposit crinoids wkrend; their determination was not
possible, however. Apart from volcanic influencesing the time of deposition, which had
to be held responsible for the formation of for mpée the occurrence of the mineral
scheelite, HOll & Maucher (1967) stressed the &aeching impact of the Variscian as well as
the Alpine orogeny on the Austrian dolomite-magteedeposits.

Friedrich (1968 A) recalled the existence of twadamentally different explanations
for the formation of magnesite: 1) the metasomttenry (Redlich, Clar, Meixner, Angel)
and 2) the sedimentary theory (GOmez de Llaren@mieger, Siegel). In his 1968 (A) paper
Friedrich described a multitude of observations enadth the (optical) microscope, which
taken together had convinced him, that magnesiteldcmot have originated in the
sedimentary environment, but must have formed tilioitmetasomatosis”. Even the well-
known example of crinoid stem fragments (from tlagtl€rkogel), now partially consisting of
magnesite, was explained to have formed througlptbeess of metasomatosis. The partial
dolomitization of crinoid fragments must have takdgace during the process of diagenesis.
The presence of ankerite in the same samples waaué little or nothing to do with the
formation of magnesite. In a second paper publisivedl same year Friedrich (1968 B)
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emphasized, that two different genera of Austriagnesite existed, the formation of which
were related to the Variscian or to the Alpidic ggay. With regard to the crystalline
Austrian magnesites Friedrich (1968 B) repeatedntéspreation of a "'metasomatic” origin.

Magnesite nodules from the Lower Trias$ierfener Schiefered beds found near
Innsbruck and Saalfelden, were studied by Eisbatt@$9). Previously, the same nodules
had been investigated by Angel & Trojer (1955), vilaal interpreted their origin in terms of
primary magnesite concretions formed in a highljneaenvironment. Somewhat cautiously
Eisbacher (1969) postulated an origin for these nesite nodules predominantly in the
sedimentary environment, but with subsequent cleadgeng tectonic movements.

An extensive review on the formation of the Austrimmagnesite deposits, based
especially on the microscopic properties of sugbogdés, was published by Friedrich (1969).
The conclusion reached on the origin of magnesis the same as that reached in his
previous publication (Friedrich, 1959): magnesitelld not have formed as a sedimentary
mineral, but could have formed only through a psscknown as metasomatosis. Friedrich
(1969) confirmed all of the detailed observationade by Angel & Trojer (1953), but he
added more on the process of metasomatisiéometasomatokas it had been defined by
Raguin (1961). Of course, such a process might welk out in irregular ways in pre-
existing rocks. The hydrothermal experiments byeRbgrg & Holland (1964) (conducted at
temperatures from 548 to 693 K) had contributediaalle insights into the phase relations
between calcite, dolomite and magnesite, and hadidgted the close relation between
magnesite and dolomite. In addition, the high-terapge experiments by Johannes (1966 A,
B) had done much to understand the role playedaltydnd quartz in systems involving
magnesite. According to Friedrich (1969) all ofgbdaboratory experiments only confirmed
his observations made in the field. The geochendiftdrences between top and bottom of
magnesite layers intercalated in dolomite layeos,the ooid-like textures found by Haditsch
(1968 A), could be used in support of a sedimendaigin of magnesite. Partial replacement
of macrofossils by dolomite and/or by magnesite oot really support any sedimentary
origin, because the replacement during metasomatsgght as well have taken place in a
very irregular way (as Friedrich, 1969 claimed)rtiealarly the Carboniferous limestones of
Austria would have been susceptible to metasontatiwversion into magnesite. The cause
being, at least according to Friedrich (1969), tathe time of actual metasomatism these
limestones were still relatively young and therefdrad been “"easier" to convert into
magnesite. After their initial metasomatism the memjte deposits would have become
folded and torn up into irregular sheets during agiscian orogenesis; after that a second
interval of magnesium supply and conversion of 8toaes into magnesite would have taken
place.

As one of very few authors working on magnesitenfation, Friedrich (1969) took the
trouble to study in detail the origin of magnesitesalt deposits. After comparing the small
amounts of magnesite in anhydrite, gypsum or hal#posits with the relatively small
intrusions of melaphyr or tuff in the saline depesFriedrich (1969) explained this type of
magnesite to have formed in much the same wayeafubrite, copper and lead ores present
in small amounts in the rocksalt deposits: by waynagnesium-containing hydrothermal
solutions. In order to make his argument agairsgdamentary origin of magnesite even more
convincing, Friedrich (1969) mentioned the factttbi@ world oceans contain extremely
large amounts of magnesium salts, but that no nmodeposits of magnesite had become
known. (This statement by Friedrich disregards ualctevidence on modern deposits of
magnesite published prior to 1969.) Nonethelessedkch (1969) admitted that in
publications by Angel (1962) and by Schroll (196hggnesite had been described from truly
saline deposits (of geological age). After disaugsat some length the relations between
magnesite, anhydrite, gypsum and rock salt, Febd(iL969) concluded, that magnesite
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formation had nothing to do with calcium sulphate amy other salt minerals. Having
(indirectly) attributed the origin of all (crystale) Austrian deposits to metasomatism,
Friedrich (1969) devoted some thoughts to the ptsssource of the large amounts of
magnesium. Basic (or even ultrabasic) magma mua baen the source, and not individual
masses of granite, andesite or peridotite. Sucheep-deated magma source did not
necessarily form all magnesite in one action, dedet may well have been several episodes
of magnesite formation.

Magnesite in the anhydrite-gypsum deposit of Wieraan Grundlsee (Steiermark) was
identified by Haditsch (1968 B) using X-ray difftean. Haditsch (1969) emphasized the
contrasting views with regard to the origin of Bgatmagnesitéhe coarsely crystalline type
of magnesite). On the one hand, the idea of a sedary origin had been advanced, but on
the other hand a metasomatic origin was generalgidered to be much more likely. Even a
compromise seemed possible: the magnesites may faweed in the sedimentary
environment, but underwent considerable changesmglusubsequent orogenesis. Many
indications for a sedimentary origin had becomevkm@rom the Asturreta deposit (northern
Spain), as for example Gémez de Llarena (1950, ,19833, 1954, 1955, 1957, 1959, 1960
A, B, 1962, 1964, 1965) had suggested on numercessmns. Haditsch (1969) emphasized,
how not only the magnesite deposit of Asturretanatban intrinsic lamination; much the
same phenomenon had been encountered in the gogtsitica-rich rocks (lydites).

Despite the many details revealed in the paper&dyez de Llarena, and despite his
remarkable laboratory experiments on the crystlilin of alum and of sodium thiosulphate,
Haditsch (1969) felt the need to reject the suggksedimentary origin for magnesite. Even
after studying the magnesite from Dienten (neat Zel See, Austria), which possesses a
comparable lamination, Haditsch (1969) was conwndeat the Asturreta magnesite as well
as the Dienten deposit must have had a metasomagim. This conclusion was based
primarily on textures seen in thin section, indiegta distinct sequence in the formation of
calcite, dolomite and magnesite, which sequenceldvenclude any (syn-) sedimentary
origin.

Siegel (1969) suggested the existence of a welheefstratigraphic sequence leading
up to layered magnesite deposits. Notably the Betaaeposit would show all of the
characteristics of such a sequence. No indicatmhkaching after deposition could be
discerned in the Entachen magnesite. At the same deveral observations point toward an
organic-rich, reducing environment at the time aiation (as witnessed by the absence of
sulphates). The fact that this magnesite would Hmeen formed in a marine environment,
was illustrated by measurements of its chlorineteoin The magnesite from Kraubath is
known to contain around 25 ppm chlorine; the mag@es Entachen as much as 200 ppm;
and of course the magnesite from the salt depaditslall (Tirol) contains the highest
amounts of chlorine. Many similarities exist, stdllowing Siegel (1969), between the saline
magnesite deposits of Hall and those of EntachenaBse the rock salt must have prevented
any possible occurrence of circulating solutionsdstl of “metasomatosis”, the magnesite of
Entachen would have been formed without any sucbuleting solutions. Instead the
processes (and brine compositions) typical of aelsgdine environment would have led to
the formation of magnesite. In 1984 Siegel claintedf magnesite formation would require a
negative Eh (i.e., reducing conditions) as wellaasigh Mg/Ca ratio (often caused by the
precipitation of gypsum/anhydrite).

Samples from the magnesite deposit of Tux (Tirodravstudied by Wenger (1971)
with the petrographic microscope: measurement ef dptical axes of magnesite (and
dolomite) crystallites indicated primary growth, el definitely took placebefore any
tectonic deformations. Earlier, in 1964, Wenger hegbressed his conviction, that the
magnesite of Tux had been formed from contactingeétones and dolomites by way of
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metasomatosis. According to Lesko (1972) magnesitiee Kraubath-type (i.e., fine-grained
and virtually iron-free magnesite) originated dgrithe weathering of serpentinite rocks
under oxidizing conditions. No process of metas@natvould be involved, neither would it
be involved in the formation of the medium- to aeagrained, iron-containing magnesite of
the Veitsch-type. Both types of magnesite wouldehbagen formed during the weathering of
silicate minerals rich in magnesium, such as senmpenMagnesite of the Veitsch-type would
have been formed under reducing conditions fros8,HCQ and NH, rich solutions. Such
solutions would have been responsible for the piasef pyrite and carbon fragments in the
magnesite. The following stages could be recognirnethe formation of magnesite from
serpentine: dissolution; separation of dissolve@ces; precipitation of calcium and
magnesium; deposition and lithification of the thiesmed precipitates, followed by the
possible recrystallization of some of the precigiéa The latter process, recrystallization,
would be responsible for the change of initiallgg@pitated magnesium hydroxide, through a
stage of hydrated carbonates into anhydrous magnesarbonate.

Magnesite forming a cement in between the graing s&ndstone has been described
by Petrascheck (1972). As a result of the weathbeaha neighbouring serpentinite this
magnesite may well have been formed in the gramdéwork of the sandstone. Petrascheck
(1972) had to conclude, that any specific conclusio the possible role of "descending
solutions” was not possible, because the magnesitdoeen found in elongated, narrow veins
and fissures, which obviously were the result aftdeic movements. At the same time
Petrascheck (1972) admitted, that magnesite depwsih a clear sedimentary origin had
become known, for example those of Kaswassergrabérntachen.

The iron carbonate deposit of Pitten (Austria) wiaslied by Tufar (1972). A multitude
of minerals, including magnesite, can be founde&hdihe relations between the Austrian
deposits of iron (II) carbonate and magnesite heehbdiscussed earlier at great length by
Petrascheck (1932) and many authors have takepadhatular publication as their guideline.
In it Petrascheck (1932) had devoted considerdl#ateon to the siderite of Pitten. Based on
microscopic analyses of the various ores, Tufar72)9concluded on recrystallization,
secondary changes and replacement mainly due tammephism. In conclusion, Tufar
(1972) tended to follow the point of view of Ang®ITrojer (1953, 1955), Holl & Maucher
(1967) and Wenger (1971), that these ore depositswell predate the Alpidic orogeny.

Additional observations on the magnesite from Sdnkrieben were published by
Siegel & Felser (1973). After having excluded argsgble metasomatic origin for the
contacting dolomite layers, the conditions durihg formation of magnesite were described
as essentially poisonous toward every form of lifee absence of fossils and the black
colour pointed toward anaerobe conditions. Decoitipasof organic remains must have
caused high concentrations of dissolved,@@d HS . No indications were found for any
kind of precursor such as nesquehonite. A compleliéferent interpretation of the Austrian
Paleozoic rocks enriched in metals (Fe, Mg, Cu,\8pHg and U) was reached by Schulz
(1974). Ore formation must have taken place dunognerous hydrothermal intrusions.
However, later metamorphic reactions caused coraitke problems regarding an adequate
interpreation. Notwithstanding, the vast magnesigposits of the eastern Alps were
described by Schulz (1974) as having had a "nsegimentary, syndiagenetic - metasomatic
origin with a hydrothermal supply".

The petrological analyses by Vavtar (1976) of samftom the magnesite deposit at
Hochfilzen (Tirol) revealed only one deformationterval; not two as suggested by for
example Petrascheck (1945). The magnesium needddrifing this particular magnesite,
would have been supplied by submarine volcanismwitisessed by nearby tuff layers.
Although Vavtar (1976) was inclined to invoke "medenatism" as the ultimate cause of the
Hochfilzen magnesite, he stressed that the posilifiia synsedimenary or "paradiagenetic”
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origin could not be excluded at beforehand. Spewtiahtion should be made of the finely
laminated (mm-scale) red-coloured magnesite obddoyeVavtar (1976) in the Rettenwand
area, near Hochfilzen.

The magnesite deposits enclosed in the Austftmauwackenzoneare not at all
confined to one specific stratigraphic horizon ats€r (1977) noted. Many of the magnesites
occur as stratiform deposits in between shale,sioree or dolomite. From analyses of the
contacting formations an intra- to supratidal ps#ée@ironment can be deduced. However,
Felser (1977) could not find any clear indicatiammcerning the mode of formation of
magnesite, but tended to agree with Siegel (1969hat deposition must have taken place in
a rather “specific environment”. At the same tinvidence had been found, indicating, that
in many cases metamorphism had left its traceBemtagnesites in the form of changes in
texture and geochemistry.

According to Zachmann (1977) the discussion sudmgthe origin of magnesite had
been influenced especially by the publicationshenEugui deposit by Gomez de Llarena. Up
to the 1950’s there was general agreement among@Atingrian) scientists, that the Alpine
magnesites had been formed by a process describeimsomatosis. The experiments by
Johannes (1970) were generally considered to peaug@port for such an interpretation.

The origin of the Austrian magnesites has beenagx@il by Oberhauser (1978) in
terms of an Alpidic thermic event related to Triasslcanism. Tufar (1978 A) applied the
method described by Yermakov et al. (1965) and @gtam (1977) to liquid inclusions in
minerals such as baryta and magnesite from Auskha. very small amounts of solution
freed when crushing the rock samples, could be wedy analyzed, and were found to
consist of magnesium and sodium cations combinel kicarbonate and chloride anions.
No iron nor any heavy metals were detected. Asectresult of these analyses, Tufar (1978
A) had to reject the suggestion of for example Meix(1953), that the magnesite and siderite
deposits of Austria had been formed in an identicahner. Tufar (1978 B, 1980) described
magnesite together with dolomite, gypsum and anteydrom the Myrthengrabe am
Semmering (Niederdsterreich). Much like Schwin(E946), Tufar (1980) interpreted the
dolomite, anhydrite, magnesite deposits as reptiegea syngenetic - sedimentary sequence.
"The geological environment of the Myrthengrabe perde deposit clearly excludes an
epigenetic influx of "hydrothermal” Mg solutionsiginating from a (hypothetical) deep-
seated magma reservoir. On the contrary, it al$erofimportant evidence for a primary,
syngenetic accumulation of magnesium during thee tohformation of the deposit and its
country rocks": Tufar (1980, p.134).

According to Haditsch & Mostler (1979) most of tAeastrian magnesites are closely
associated with a black dolomite and fossil-ricmdstones (with especially abundant
crinoids, but also with ostracodes and foraminjferBecause of the often observed
paragenesis magnesite — quartz — muscovite — thlbtaditsch & Mostler (1979) concluded
on low-grade metamorphism. The intercalated dolerayers would have formed from the
initial limestone deposits by way of a process oloditization at a temperature of 503 K,
and subsequently this dolomite would have beengdthinto magnesite at a temperature of
623 to 723 K.

Magnesite together with calcite, aragonite and mhitl® was found by Niedermayr et al.
(1979) in sandstones and conglomerates of@hidener Schichtem the Gailtaler Alpen,
Karnten. The carbonates occurred as cements inyfil@ninated layers within the
sedimentary rocks, filling up cracks and fracturasgd as well-developed crystals in pore
spaces. Most probably dolomite and magnesite aigthfrom aragonite and/or calcite upon
interaction with highly saline, magnesium-rich gmos. According to Niedermayr et al.
(1979) the formation of magnesite must have takaoepimmediately after the formation of
the dolomite. Within the shales and sandstoneh@erfener Schichtem the Villach —
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Spittal — Lienz area fine-grained magnesite wastiied upon X-ray analysis; the mineral
magnesite even occurs as a cement in the clastimeets. The magnesite crystallites are
generally very fine grained or microcrystallinedastcur together with aragonite, calcite and
dolomite. According to Niedermayr et al. (1980)stfine-grained magnesite must have been
formed in highly saline solutions from pre-existicgrbonates (such as calcite or dolomite).
High Mg/Ca ratio’s of the brines must have beenseduby the precipitation of gypsum
(which occurs in numerous instances within tWéerfener Schichtgn After detailed
investigation of several new deposits of magnesitehales at the basis of timérdliche
Kalkalpen Niedermayr et al. (1981) suggested an intra-ujoratidal environment for its
(low-temperature) formation. In addition, Niedermay al. (1981) stated, that the very mode
of formation of magnesite in rock salt formationsmiained an unexplained mystery.
According to Baban (1980) magnesite found in rock salt clearly daubt have formed by
way of a process known as "metasomatosis”, butnttaignesite probably had been formed
initially as magnesium hydroxide carbonate to banged later into magnesite. Earlier,
Balkian (1975) had found in his laboratory experimethitat the formation of dolomite from
calcite plus a concentrated solution of magnesibharie requires a minimum temperature
of 373 K; that a mixture of dolomite plus magnesdems in this experiment at 423 K and,
that pure magnesite would require a minimum tentpezaof 473 K.

Magnesite layers (of up to 1 cm thick) intercalateth gypsum layers from the
southern slopes of the Dobratsch Mountain (Villachpen, Karnten) have been described
by Strehl et al. (1980). Because of its associatwth limestone and dolomite Strehl et al.
(1980) suggested an origin for this magnesite by wha secondary conversion of pre-
existing calcium carbonate in a hypersaline envirent. Tufar (1981) claimed most of the
ore deposits of the Eastern Alps to have had aengt origin (contemporary with the
deposition of the pre-metamorphic rocks). In pattic the magnesite deposits gave the
impression of having been of syngenetic origin;rnew® Tufar (1981) called for some
caution, because carbonates (as well as sulplede] easily be changed upon only a slight
degree of metamorphism. In addition Tufar (19819vted an explanation for the often
invoked "metasomatosis” phenomenon: because cddopnaks such as magnesite and
siderite are easily affected by secondary chenpoatesses, such as metamorphism, in the
field the impression of a process described asdsombatism” would be created.

Morteani et al. (1982) pointed out, that there wessentially two different schools of
thought concerning the mode of formation of the tAaa magnesite deposits. The first
school of thought had tried to explain the formatiof (sparry) magnesite in terms of a
metasomatic, if not hydrothermal replacement pracBsapers by Petrascheck (1926, 1932,
1972), Clar (1956), Angel & Trojer (1953, 1955), gah & Weip (1953), Friedrich (1959,
1963, 1969) and Oberhauser (1978) had advancegdnttular theory. The second theory
suggested formation of magnesite in the sedimengaryironment; papers by Leitmeier
(1953), Leitmeier & Siegel (1954), Siegel (19556491969), GOmez de Llarena (1953),
Ney (1956), Lesko (1972), H6ll & Maucher (1967),fau(1972, 1974) all had suggested the
latter mode of formation. Apart from the obviousntroversy, there had been a serious
debate about the exact moment at which the metdsomaydrothermal event would have
taken place. Attempts were made by Morteani €t1881, 1982) to use measurements of rare
earth elements in magnesite samples from variogatilms in Austria to explain the
mechanism of formation. However, the results ola@iwere not at all conclusive. Even so,
Morteani et al. (1982, p.629) expressed as themviction that at least the crystalline
magnesite deposits of Austria must have formedrdm metamorphic solutions”.

The technique of determining formation temperaturgem fluid inclusion
homogenisation measurements was used by Bone (188B)vestigate the formation of
different Archaen magnesites, and temperaturesabéR8 K for at least one group of such
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magnesites were found. During Alpine and/or Heragniregional metamorphism
temperatures up to 823 K and pressures around0? kPa must have been reached (Dulski
& Morteani, 1989). At least during the Alpine phagenetamorphism an intense interaction
between water and rock masses took place. Measntenté fluid inclusions in the
contacting gneiss complexes showed,@0ntents of 15 to 20 vol.% (Dulski & Morteani,
1989). As observed in the hydrothermal experiment3ohannes (1970), olivine will react
with CO, and HO to give serpentine and magnesite. Excess freewilOead to a reaction
with serpentine to give magnesite plus talc.

Schulz (1986) reminded his readers, that for exarkfill & Maucher (1967), Siegel
(1969), Lesko (1972), Siegel & Felser (1973) andam{1974, 1981) had concluded on a
marine origin for the Austrian magnesites. Accogdia Schulz (1986) it had been Ladurner
(1965), who had proven that the suggested "metasdinoaigin of these magnesites could no
longer be maintained. Especially the microtectorotsthe magnesite at Burglkopf near
Hochfilzen showed, how this magnesite had initidlkgen deposited in the sedimentary
environment, but that subsequently it had beerckad during metamorphism (possibly with
the aid of thermal springs). Schulz & Vavtar (197@und sedimentary structures in the
sparry magnesite of the Rettenwand mine (near Heehj, which consisted of a primary
alternation of magnesite laminae with ones comgjsbif sericite and hematite.

On the basis of his analyses of strontium isotopalyaes of Austrian siderites,
ankerites and magnesites, Frimmel (1988) concluded sedimentary origin for magnesite
and a hydrothermal origin for the Austrian sideyiend ankerites. At least two different
stages of metamorphic overprinting were recogniagdFrimmel (1988). Although most
Austrian magnesite deposits bear the traces ofmmtzhism and Alpidic tectonics, there are
a few locations, where the original sedimentary meage (and dolomite) remained relatively
undisturbed. One such location was described iatgietail by Niedermayr et al. (1979,
1989): the magnesites of the Gréden Formation & @ail Valley, Karnten. Shrinkage
cracks, laminations and algal mats all point towdegosition in thentra- to supratidal
environment Niedermayr et al. (1979, 1989) concluded thatcabhee magnesite was
obviously not a product of primary sedimentatidns tmagnesite must have formed during a
later stage described as “diagenesis”. Acceptiig itiierpretation made it easy to find the
actual source of the large quantities of magnesnohdeep-seated hydrothermal sources, but
rather normal seawater would be sufficient to cleacgjcium carbonate into magnesite. The
sedimentary environment of the Groden Formationtrhase consisted of a coastal sabkha,
which would have been greatly influenced by sealléluctuations (Niedermayr et al.,
1989).

Tufar et al. (1989) stated that notably the Radeintmagnesite deposit was part of a
“strongly metamorphically overprinted sequence’d d@herefore used the term “magnesitic
marble”. The Radenthein magnesite contains numerary small (micrometer size) fluid
inclusions. From these inclusions homogenizatiomperatures can be obtained; three
different groups of temperatures were measured fif$tegroup showed temperatures around
303 K; the second group temperatures between 4% a8 K, and the third group showed
temperatures in the range of around 543 K. Dedpieeffects of regional metamorphism
which are now obscuring the original sedimentagtdees, the magnesite would have been
formed in rhythmic sedimentary sequences. “The gieasus regularity of the rhythmic
sequences in the banded magnesite indicates aelinduced annual stratification”: Tufar et
al. (1989, p.162). Even so, Tufar et al. (1989)csted, how the initial precipitates would
have consisted of hydrous magnesium carbonateshwvdiier would have been transformed
into the anhydrous magnesium carbonate. Subsequents in the form of metamorphic
overprinting had been recorded in the Radentheignesite in the form of its numerous fluid
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inclusions, which served well to establish the temafures, which must have occurred during
the process of metamorphism.

In the explanation of Tufar et al. (1989) there ®ve main reasons for the prolonged
and at times "overheated" discussions on the odafjthe Austrian magnesite deposits. In the
first place, no large-scale deposits of modern raag@ had become known. And in the
second place, many convincing pieces of evidenak lecome known, illustrating the
"secondary” conversion of dolomite into magnesudich would support the assumed
“epigenetic hydrothermal” and "metasomatic” reawdioSuch hypothetical reactions would
require magnesiume-rich solutions, which remainekhomn for the time being. An “influx of
mineralizing solutions” would have to be considersiill following Tufar et al. (1989), in
close relation with the possible origin of the Aisst siderite deposits. However, as the
laboratory experiments by Johannes (1970) had shibnvere is no relation at all between iron
and magnesium carbonate formation (which fact hehlstressed by Tufar, 1972, 1974). In
addition Tufar's (1978 A) own analyses of fluidlugions in the Radenthein magnesite had
shown the absence of any dissolved iron compounds.

On the basis of their analysis of rare earth elémKiesl et al. (1990) concluded on a
metasomatic origin of the magnesite deposit of @dréf_aming. The amounts of rare earth
elements found in the magnesite had originatechéncontacting clay/shale formations. At
the same time Kiesl et al. (1990) concluded, timaestones and/or dolomites were the
original (sedimentary) deposits, which later haderbechanged into magnesite by
“magnesium-rich solutions”, derived from nearbypsstinites.

Zachmann & Johannes (1989) pointed out, Bat-Magnesitand Magnesit Typus
Kraubath are but synonyms for the same kind of cryptoctiseamagnesite. The origin of
such cryptocrystalline magnesite was attributethtoweathering of ultrabasic rocks by rain
and ground water with a high content in biologigadroduced carbon dioxide (compare the
observations made earlier by Wildman et al., 1968p0ohl (1991) distinguished only two
kinds of magnesite: the crystalline Veitsch typd #me often cryptocystalline Kraubath type.
The crystalline magnesite must have formed in aapesitic environment as intra- to
supratidal deposits. Contrary to the often repeatethsomatic or even hydrothermal mode
of formation, Pohl (1991) did not hesitate to dsera syngenetic origin to the magnesite
deposits of the Veitsch type. A different mode afnfation was suggested for the
cryptocrystalline magnesite of the Kraubath typéisTparticular magnesite must have
formed either as veins in ultramafic rocks duringathering processes (at ambient
temperature) or as the result of hydrothermal meee (at slightly elevated temperatures).

Much like Tufar (1978 A), Prochaska (1999) applied technique of chemical analysis
of the ultra small amounts of liquid inclusions gamples from Austrian magnesites. As
described for example by Hall & Friedman (1963),ttBsl et al. (1988) and Banks &
Yardley (1992), the crush-leach technique involsesshing small amounts of rock sample to
a fine powder and extracting the freed solutionrduthe last stage of grinding. Consistent
results, being reproducible within a few procengrevobtained by Prochaska (1999) upon
analysis of some 800 samples of Austrian magnesites measurements gave very high
salinities for the solutions from the “saline magtes” from Hall and those from the
Kaswassergraben. The dark-coloured dolomite cantactthe magnesite at the
Kaswassergraben also possessed very high salimitiés fluid inclusions. Other magnesite
samples (for example those from the Veitsch areaj)ewmeasured to contain enclosed
solutions of normal salinity. Normal salinity wasdicated also by the fossil content of the
magnesites, dolomites and limestones from the ®teitleposits. From the chemical analyses
of the closely related Austrian siderite depositscRaska (1999) drew the conclusion, that
the enclosed solutions were in fact concentratedvaeer brines and not hydrothermal
solutions. The measurements made, also allowedrfanteresting conclusion with regard to
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dolomite formation. Crushed samples from the AastiHauptdolomit possessed normal
seawater salinities, and not the salinities of lyigloncentrated brines. Nevertheless, the
liquid inclusions from other dolomite and even Istene samples turned out to be
concentrated brines. Prochaska (2000) repeateatdmslusion, based on these chemical
analyses of fluid inclusions in magnesite samptkeat the magnesite had orginally been
precipiated from highly concentrated brines. Sughds most likely had been formed from
shallow marine basins. At the same time Procha®B@Q) suggested, that these brines would
have been involved in metamorphic reactions, bex#us magnesite deposits were neither
stratabound nor stratiform. In 2012 Prochaska éx@ththe origin of the Austrian magnesites
as being "metasomatic-epigenetic”, having beenethby concentrated brines invading in a
pattern, which would follow the original lithologgf the host rock. Ebner & Prochaska
(2001) published a detailed analysis of the magmet@posits at Sunk (Hohentauern). The
magnesite there originally must have consistednoédtones and dolomites, which contained
numerous (Carboniferous) corals and brachiopodea.sparry magnesite of Sunk appears to
have formed during the Alpidic orogeny, and wasugficed by metamorphism more or less
at the same time. According to Ebner & Prochask®12 the magnesite of Sunk may well
have originated under sedimentary conditions; astleertain intervals of the stratigraphic
sequence provide evidence of episodes of desiccatior example the underlying finely
laminated dolomite with mud cracks abdndsdaleiacorals, described by Haditsch (1968 A)
and Siegel & Felser (1973), suggested an interjwatan terms of the subtidal environment.

A variety of (amongst others) Austrian magnesitaslyding those from Kaswasser,
Breitenau, Entachen-Hochfilzen, Veitsch, Tux-Lasbhach, Radenthein and Ochsner) was
analyzed by Schroll (2002) with respect to theritistion of their*C and®0 isotopes.
Stratabound magnesites (for example those fronsd@itand the magnesites associated with
evaporates (Kaswasser/Hall) may well have origohatethe sedimentary environment. On
the other hand, magnesites such as those from Hmrhfand Breitenau are of undisputed
metamorphic origin. As Schroll (2002) explainede tnagnesite associated with ultramafic
rocks occurs in the form of crypto- to microcrybied, white coloured concretions in soils or
sediments overlaying, or adjacent to, such ultraaeafFormation must have taken place
under the influence of rain water and dissolvedbeardioxide under low-temperature
conditions (and atmospheric pressure).

CONCLUSIONS

After the discovery of anhydrous magnesium cark®aata mineral by George Mitchel
and its analyses by Lampadius (1800) and Klaprdi®07), some confusion ensued
concerning the name to be used for the new minedamately, it was Karsten (1808 B),
who gave magnesite its name and Klaproth (1810) thasfirst to present the correct
chemical analysis.

One of the first scientists to report on magnesitad in Austria, was Klaproth (1810).
Some 50 years later, the first explanations forftlmation of magnesite were published by
Miller von Hauenfels (1864). Two possible origingne distinguished: a crystalline kind of
magnesite would have been formed by a chemicatiogabetween schists and a magnesia-
rich solution. The second kind of magnesite way Vigre grained and occurred in fissures
and cracks in serpentinite rocks; it was thoughth&we originated from hot, ascending
solutions. Soon a third kind of magnesite was foundgnesite occurring in anhydrite or in
rock salt.
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As early as 1789 De Fourcroy had noted his in laiooy experiments, how anhydrous
MgCO; would not precipitate from a magnesium bicarbonate soluibroom temperature.
Subsequently, numerous authors have confirmed thiglamental observation. The
importance of the fact, that the dissolution / ppiation reaction in the case of magnesite is
not reversible, rarely has been recognized as shigh,nevertheless is of fundamental
importance.

One of the very first statements on a possible temvperature formation of magnesite
has been made by Schrauf (1882): the magnesiteetbrduring the weathering of a
serpentinite, must have originated under low-terjoee conditions. The same conclusion
was later reached by Leitmeier (1914) and Clar 8L.9®agnesite occurring very close to
limestone beds (with crinoid fragments in it) wasscribed by Rumpf (1876). This close
association between magnesite and a fossiliferomestone seemed to suggest, that
magnesite had been formed under more or less the sanditions as those under which the
limestone itself had been deposited. In the coofstme more and more indications were
found supporting a possible relation with limestobat in particular with dolomite. For
example Koch (1893) related to have found fossilsststing partly of dolomite and partly of
magnesite (in one and the same specimen), muclRekiich (1907, 1914 A) and Humphrey
(1905). Similarly, Redlich & Grgpietsch (1913) had found a variety of fossils (tHra
gastropoda, crinoids and brachiopoda) consistimtlypaf dolomite and partly of magnesite.
Although magnesite usually does not contain angif®@gwhich can be understood, when
realizing the life-threatening high salinities aechperatures around 313 K: see Hobbs & Xu,
2020), Leitmeier (1953) described fossils, consgstpartly of magnesite and partly of
dolomite. Friedrich (1959) found fossils, espegiatiinoid stem elements consisting of
magnesite, embedded in a dolomite rock. Friedd&b9) included photographs and stated to
have seen such fossils consisting partly of doleraitd partly of magnesite in the collection
of the Mineralogical Institute of the Montanunivigéis Leoben, Austria.

Most probably Sigmund (1909) was the first to swfjgepossible sedimentary origin
for magnesite. Horhager (1911) and Kern (1912) bwtdre convinced of a possible
sedimentary origin of magnesite, especially becahseusual explanation in terms of a
"metasomatic” reaction would require unrealisticddirge amounts of magnesium chloride
solutions. Similarly, Leitmeier (1916 A) maintaingédat magnesite might very well originate
in the sedimentary environment. It was Ro6zsa (1,928)o claimed that certain thinly
laminated siderite - dolomite - magnesite depasitsst have had a sedimentary origin. The
origin of those fine laminations had to be found¢cading to R6zsa (1926), in periodical
changes in for example the amount of rainfall. Tihgportance ofperiodicity in the
formation of magnesite in the sedimentary envirominaearly has been hinted by Gevers
(1930) and Ney (1956), and ultimately was provertha low-temperature syntheses of
magnesite by Deelman (1999), Alves dos Anjos gPall1) and Hobbs & Xu (2020).

Redlich (1909 B) concluded on a possible step-wdeaversion of limestone-
dolomite -~ magnesite on the basis of his observations of esgnfound in Austrian rock
salt deposits. In addition Redlich (1914 A) sugeedsthe gradual conversion of calcium
carbonate into dolomite and even magnesite, upolompged contact with a solution of
magnesium chloride. This suggestion has never mddaverification in reproducible low-
temperature laboratory experiments (so much faofate "dolomitization” theories).

No attempt at all has been made in the presentt@hap explain each and every
regional occurrence of magnesite in Austria. N@& tbgional geology of Austria was the
subject as such, rather the history of variousanqtions given to the formation of magnesite
was. This review of the history of research intostian magnesite deposits has opened up
the possibility to recognize a number of misunderdings and even a few
misinterpretations. To give only one example: adocw to Ebner & Prochaska (2001) five
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different types of magnesite would exist, which evdescribed as “genetically different types
of magnesite”. The first three types of magnesitethose of the classification by Redlich
(1909 B); however, those three categories weredoastrely on the texture as seen in the
field. (Whether or not the three categories readigresent different processes of formation
remains to be demonstrated!) Therefore, the fifierdint classes of magnesite by Ebner &
Prochaska (2001) show, that their classificatios lithe or nothing to do with the genesis of
magnesite, but instead relies on one macroscopigepty only, that is on texture. Without

any attempt at an explanation Ebner & Prochask@l(Rthus went from classification to

interpretation. Of course, much the same argumeas$ @gainst the often cited classification
of Redlich (1909 B).

From 1800 onwards various interpretations of thgimrof (Austrian) magnesite have
been published; interpretations based on field miasiens. However, theories based solely
on field observations are, by definition, open taltiple interpretations. To mention only
example: the longstanding discussion on eitlescendingr ascendingVig-rich solutions as
being the source of magnesium ions needed for dheation of magnesite. Most of the
interpretations of the origin of magnesite in Aissthave been based on the microscopic
analysis of thin-sections. However, as remarkelay (1956), during thin-section analysis
the mistake usually made, is to interpret graimitan relations in terms of a sequence-of-
events. Twenty years after this fundamental observanade by Clar (1956), it was shown
to be of fundamental importance; direct evidencemedrom dry-compaction laboratory
experiments (Deelman, 1975, 1976). Such dry-congraeixperiments have shown, how the
often assumed "diagenetic" geochemical reactioay pttle or no role in changing the
microtexture of sediments into compacted ("litrdfiesedimentary rocks.

Extremely useful facts concerning the mode of fation of magnesite were found in
physico-chemical analyses of brine enclosed in rasi¢m crystals by Tufar (1978 A), Tufar
et al. (1989) and Prochaska (1999). The temperatwasurements by Tufar et al. (1989)
have shown, how the magnesite samples studiedrigidated at temperatures as low as 303
K in combination with an original salinity of 186 240 promille (recalculated from the 265
to 261.7 K freezing points given by Tufar et al98%). The first reproducible low-
temperature syntheses of magnesite took placéeat@erature of 313 K and a salinity of 110
promille (Deelman, 1999).

Modern magnesite found in 1930 by Gevers in thesli@oPan (Namibia), has never
been seriously considered in any theory on the d&tion of magnesite. Much the same
happened to the descriptions of the vast amounf&eoént magnesite from the Russian Kara
Bogaz Gol (which had been described by Vakhrame%s6; Polyakov, 1959; Sedelnikov et
al., 1968; Andriyasova et al., 1973 and Gerasimefikilikhodyuk, 2009). Until recently,
papers on the possible mode of formation of magmédsave repeated over and over the
incorrect observation, that no occurrences of modeagnesite would be known.

A totally unwarranted neglect is encountered wegard to magnesite found in rock
salt deposits. (For example Schwinner, 1937 inaltismpt to provide an explanation for all
of the known Alpine occurrences of magnesite, diaréed all "unusual' magnesite,
including that found in rock salt.) Papers on mageefrom Austria generally tend to
overlook one of the categories of magnesite meatidony Rumpf (1873 B): the magnesite
found in the rock salt of Hall (Austria). Magnesiund in the rock salt deposits is of
essential importance, because it demonstrates hpvwards or downwards moving, truly
hypothetical, "metasomatic” solutions can not haeen intrumental in the formation of
magnesite, simply because rock salt is quite impabie. Gorgey (1912) emphasized the
occurrence of a multitude of small-scale laminationthe rock salt deposits (of Wittelsheim,
Alsace, France), where magnesite had been founch Soe laminations extending over
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large areas must have been the result of periobitaé refills; not sudden and quick, but
rather taking place as a natural rhythmic event.

During the years 1916 and 1917 an epoch-makingutisfpok place between Karl
August Redlich (1869-1942) and Hans Leitmeier (18867), initially on the actual mode of
formation of the mineral magnesite, but it sooncteed on the scientific principles used in
geology. Leitmeier (1909) had noted in his labanatexperiments, how a magnesium
bicarbonate solution (at room temperature and gihmersc pressure) would precipitate
hydrous magnesium carbonate only and not any magnés a first reaction to Leitmeier's
observations Redlich (1914 A) claimed, that maderesiould only be formed by
"metasomatic” processes. The how and why of sugtoeess of "metasomatism™” were not
revealed. (A fundamental argument against the Ilngsi$é of "metasomatosis” has been
contributed by Lesko, 1972: essential questiongearing the role of process of weathering,
the possible role of diffusion and ultimately teaction mechanism as such have never been
answered.) The suggestion by Leitmeier (1916 A3t thossibly dolomite and magnesite
might well have been formed in the sedimentary rmvhent, was countered by Redlich
(1917 A) with anex cathedrastatement: such an idea was contradicted by althef
observations ever made on Alpine magnesites. Afédr7 many scientists have tended to
subscribe to the phenomenological approach of Bedand relied far too much on field
observation and its inherent hypothetical and uraveed interpretations.

The Alpine rocks of Austria have been subject touy complex tectonic history, and
it is therefore that mere field observations areniost instances insufficient to explain the
formation of individual deposits of magnesite. Imetlight of reproducible laboratory
syntheses of magnesite at temperatures around 3TB&man, 1999; Alves dos Anjos et
al., 2011; Hobbs & Xu, 2020) a large number ofdielbservations will need critical re-
examination. Gradually it has become clear, thatyrdeposits of magnesite must have had
an origin in the sedimentary environment. Ultimatiflese reproducible syntheses proved all
those authors to be in the right, who had everdfiiea "sedimentary” mode of formation of
magnesite [e.g., Rumpf (1876), Rozsa (1925 B), meier (1916 A, B; 1951, 1953);
Leitmeier & Siegel (1954); GOmez de Llarena (1998gy (1956); Siegel (1955, 1964,
1969); Siegel & Felser (1973), Lesko (1972); antiubc & Vavtar (1977) ]. At the same
time, it really cannot be concluded, that no higimperature formation of magnesite could
ever have taken place. For example: on the basigeqgiresence of certain accessory minerals
known to be of metamorphic origin, found by Moh925b) in Austrian magnesite, the
conclusion seems undeniable that that particulagnesites may well have orignated as a
metamorphic rock. Similarly, Rézsa (1925 A) emphbedi the often found association
between magnesite and talc. Even the possibility @éposit of magnesite formed originally
in the sedimentary environment, but later subjeecheétamorphic temperatures and pressures,
cannot be denied at beforehand. In each and ewmstgnce exact knowledge of all of the
minerals present should lead to reasonable cowocisisi

There is a very clear relation between the low-termafoire formation of dolomite and that
of magnesite. Starting point for any considerasbaould be, that the hypothetical process once
known as “dolomitization” does not exist (becauselar static conditions calcium carbonate
will not take up any magnesium at temperatures around 2&8dktherefore wilhot change
into dolomite). As a consequence there is no neatl B suppose, that a hypothetical process
once defined as “metasomatosis” will act in muah $shme way: under static conditions (in a
closed system at 298 K and atmospheric pressul@nde will not be changed into magnesite.
Often the experiments of Johannes (1966 A, B; 103; 1969 A) are mentioned in support of
the assumed "metasomatic” transition of dolomite® imagnesite. However, all of the
experiments by Johannes led only to the formatibmagnesite under conditions of high
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temperature (473 K and higher) and high pressukbg® and more). In fact, the experiments by
Johannes illustrate the successfigtamorphichange of dolomite into magnesite.
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