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"DOLOMITIZATION" RECONSIDERED

(1.1) "Pourquoi créer dés alors cette hypothéatiite de la dolomitisation des calcaires ? ...a\yl pas assez déja
des mystéres réels de la nature ?": Delanoiie (p85d3).

(1.2) The definition of diagenesis given by Walt(i894) included the following phenomena: compagtincrease in
hardness, occurrences of concretions, desalinafiorarine sediments, disappearance of organic mately formed
minerals, displacement of the molecules, formatidraccessory minerals, cementation, reduction of mEpace,
chemical changes directly or indirectly caused lyanisms such as the formation of sulfides, phdsghahemical
concretions, manganese- and iron concretions, ingltny iron oxides, deposition of silica as a cetnéarmation of
new minerals such as hornblende, gypsum, coelestintgydrite, processes in the formation of coapodéion of
calcium carbonate, formation of chert nodules, egrdain processes in volcanic deposits: crystaivtran lava’s and
changes in tuffs, as well as the hardening andhiegof tuffs.

(1.3) "By metasomatic exchange is meant an intexgh of substance, without necessarily involvirg,daes
pseudomorphism, the preservation of the originainf@f the substance replaced or even of its orgiséme":
Emmons (1886, p.565).

(1.4) "Diese Quellen haben den Dolomit gebild&thindadurch, dass sie unmittelbar kohlensaure signdie sie in
aufgeléstem Zustande aus der Tiefe heraufgebrabbgsetzt haben, sondern dadurch, dass ihr kohtensgalk die
Magnesiasalze des Seewassers decomponirt hat. Siehiingelform, welche der Faxddolomit immer annimist ein
Beweis fur die Bildung desselben durch QuellentcRbammer (1849, pp.57-58).

(1.5) "Combiniren wir alle diese Verhaltnisse,vgiod es sehr wahrscheinlich, dal3 Kalksteine, weenvgnig oder
keine Silicate enthalten, aber reich an Magnesid, siurch Auslaugen des grossten Theils ihres kehlgen Kalks an

Ort und Stelle in Dolomite umgewandelt werden karin®ischof (1855, Bd.ll, Abth.2, p.1178) and comgeg the
formation of dolomite itself: "Dieser Neigung ist auch zuzuschreiben, dal’ sich, wenn Magnesiacdrbatliende
Gewésser den Kalkstein in Dolomit umwandeln, diesgaachiedene neutrale kohlensaure Magnesia mit dem
kohlensauren Kalke zu diesem Doppelsalze verbinget, dagegen Kalkcarbonat vom Wasser aufgenommeti: wi
Bischof (1855, Bd.ll, Abth.2, p.1136).

(1.6) Hoppe-Seyler (1875) pointed out, that altffoBischof (1855) had claimed dissolution of prestixg limestones
to be the main process of dolomite formation, tkgeements by Von Gorup-Besanez (1872) had denaissithis to
be an impossibility ("... weder die Versuche voerSt Hunt [1859, 1866], noch die Combinationen w@nBischof
[1855], noch endlich die Erwagungen von Th. Schiddi®66] geben eine ausreichende Erklarung, unéndégs hat
Gorup-Besanez [1872] Uberzeugend nachgewiesen, ataleine Bildung von Dolomit durch Extraction
magnesiumhaltigen Kalksteins durch Bodenwassegneirocess, den Bischof [1855] hauptsachlich zki&Emg der
Bildung von Dolomit aus magnesiumhaltigen Kalksteémutzen zu kénnen meinte, nicht zu denken istfigd-Seyler,
1875, p.497).

(1.7) "Kaum kann es einen bindigeren Beweis dgdben, dald bei der Umwandlung des Kalksteins iomibigrolie
Quantitdten Wassers das Gestein durchdrungen halsedieses Verschwinden der Kalkschalen im Getmnser
Erhaltung derselben in Kalksteinen": Bischof (18552.Abt., p.1143).

(1.8) After describing the dissolution processsdBbf (1855, Il, 2.Abt., p.1143) continued: "Und feodert es der
Umwandlungsprocess, mag er durch Austausch gegklernisaure Magnesia oder durch blosses Auslaugen des
kohlensauren Kalks vor sich gegangen sein".

(1.9) "Ich habe auch experimentell gefunden, aaisKohlensaure geséttigtes Wasser aus einem Thgeineon
Upsala mit ungeféahr 18 % Cag@nd 1,3 % MgC@nur Spuren des letzteren ausldste, wahrend vonedsteren
beinahe die Halfte ausgelaugt wurde": Hogbom (189256).

(1.10) "The mechanism by which the dolomite ismfed may need some explanation, since calcium dgcee
magnesium in both the water-soluble salts and exggwble cations. The soils of this area receivet mbsheir
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precipitation during very short intervals of theageEach year these soils become very dry, oftéhet@xtent that they
show wide and deep cracks. During these periodsoafght the salts are brought toward the surfaceabillary rise of
water. In the process of drying, much of the cafcgalt is precipitated at lower levels, while thegmesium salt, owing
to its higher solubility, remains in solution. Aich periods the soluble magnesium may exceed thbls@alcium and
thus create conditions favourable to the formatdndolomite by the action of magnesium sulphate cattium
carbonate": Sherman et al. (1947), pp.42-43.

(1.11) On more than one occasion this particylathesis of dolomite has been attributed to Fadosvever the text of
Favre's (1849 B) paper is quite clear in pointing, that it really was Marignac, who had condudted experiment:
"Cette note a pour objet des observations géolegigombinées avec une expérience que M. le prafelsgignac a
bien voulu faire" (Favre, 1849 B, p.318).

(1.12) "Es ist wohl begreiflich, dal® dieser Porpiwyter der bedeckenden Masse sich nur selten rdeéwvgen kann,
dal er vielleicht an manchen Gebirgsreihen gart rielvorkommt, und sein Daseyn nur aus seinen \Wi&n
geschlossen werden muf3": Von Buch (1822 A, p.133).

(1.13) Von Buch (1822 A) was not quite sure, mtvform the magnesium had been supplied fromugieaporphyry
to the pre-existing limestone. At one point he riagrgd, that this magnesium would have been suppbethagnesium
oxide ("Talkerde"), at another that the magnesiad possibly been supplied in the form of a vapgagformige
Talkerde"). In a third case Von Buch proposed, thétad been in the form of magnesium carbonaig:(EDiese
vorausgehende Zerreissung und Zerkliftung ist &5 &lelche der kohlensaure Magnesia aus dem irtieriege
ertfnet, bis in das Tiefste und Verborgenste déickten des Kalksteins zu dringen, sich Uberallduitkohlensauren
Kalkerde zu verbinden, und eine neue SubstanzDdémit zu bilden...": Von Buch, 1822 A, p.116). Moubt could
exist according to Von Buch (1822 A) as to themdtie origin of the magnesium: it must have beempl®gp by the
intrusion of porphyry (... dieser Augith-Porphyyses eigentlich, der auf die Schichten des duek&lgten, dichten
Kalksteins einwirkend, sie entféarbt, Versteinerunged Schichten vernichtet, mit Talkerde die Mabsehdringt, sie
dadurch zu kérnigem Dolomit umandert.”, Von Bucd2a A, p.114). Even so Von Buch (1823) frankly attidi, that
he did not know, how this conversion of a limestarie dolomite could have taken place: "Commentagel que la
magnesie puisse percer, traverser, changer leendgucouches calcaires qui ont plusieurs millierpidds de hauteur,
pour en former une roche uniforme dans toute semdée ? C'est une question que je me suis prodasédoutes mes
courses aux environs de la vallée de Fassa, samewser la solution": Von Buch (1823, p. 296). Balius (1825)
commented in higahres-Berichtthat the suggestion made by Von Buch concertisgcbnversion of pre-existing
limestones into dolomite was nothing but specutatitJeber diese Vermuthung lait sich kein Urthaileh, und sie
gehort zu den Auswegen, die man bisweilen einzagehl verleitet wird, wenn man den Wegweiser deattuhg auf
dem Felde der Speculation verliert, oder er zu algieschieden steht" (Berzelius, 1825, p.253).

(1.14) "Und darum fuhrt uns Alles auf den Gedankdsi? der Dolomit in diesen Gegenden als ein wigsser
Niederschlag zu betrachten ist, dieses beweisePRetiefakten, die ich aufgefunden habe": Zeusc{i&29, pp.408-
409).

(1.15) "La roche calcaire appelée dolomie ne n@ipaas devoir son état magnésien a la préserxeodbes
pyroxéniques. Je pense, au contraire, que cethe readcaire était magnésienne lors de son dép&ertrand-Geslin
(1834, p.8).

(1.16) "Wenn nun aber an so vielen Stellen der itbglivare und allméhliche Uebergang des geschimtet
petrefactenfihrenden Kalk in ungeschichteten Ddlamseren eigenen geognostischen Beobachtungee siemnen
Anderer zu Folge nachgewiesen kann, ohne dal déddaphyr irgend wie mit ins Spiel kommt (aus demfathen
Grunde, weil keine vorhanden ist), so darf man vbatiaupten, daf? die Dolomitisationstheorie au@hglognostische
Begriindung entbehre, dass vielmehr die Entstehesdddlomits denselben Kraften und Ursachen wirdigelzreiben
sein, durch welche man den geschichteten Kalkasmten sein 1aR3t": Petzhold (1843, pp.242-243).

(1.17) On various occasions Von Morlot has atteduthe idea of a reaction between limestone asdlion of

magnesium sulfate giving rise to dolomite plus gypSor anhydrite) to Wilhelm Haidinger (see for exde Von
Morlot, 1847 A,B; 1848 A,B,C,D) and Von Morlot(184y mentioned in particular Haidinger's pap&mn'the parasitic
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formation of mineral species, depending upon grhdhanges, which take place in the interior of méte while their
external form remains the safr{@ransactions of the Royal Soc.Edinburgh, Margh1B27). But in the Transactions of
the Royal Society of Edinburgh for the year 1827snoh paper on dolomite by Haidinger can be fo@my when
consulting Volume XIl, 1831, of the Transactiondh@f Royal Society of Edinburgh (of which societyiditeger was a
member) the mystery is solved: on pages 73 to HisJarticular paper by Haidinger was printed tagais read on 19
March 1827. [ The Catalogue of Scientific Papd®00-1863) compiled and published by the Royal &pabf
London, Vol.lll, 1869, reveals, that this very elei not only has been published in the Trans.RayEsbnb., Vol.XI,
1831, pp.73-113; but also in the Edinb.Jour.Scol.%/ 1828, pp.275-292; in Froriep, Notizen, Vol XX 1830,
col.17-25, pp.36-40; and in Schweiggert's Jourel, LW (= Jahrb. XXV), 1829, pp.257-317 ] In it Hadjer called
attention to the phenomenon of pseudomorphosisnaimwould show an external form not belonginth&ésubstance.
For example anhydrite would have been changedgiypeum, but still the original cleavage planes enydtal outlines
would give the impression of anhydrite. After olvémy "Calcareous spar is one of those species vdretvery easily
acted upon by atmospheric agents" (Haidinger, 183107), Haidinger suggested, that "... part ofcdidonate of lime
is replaced by carbonate of magnesia, so as to ifortime new species a compound of one atom of ddoW. this
change was brought about, is a difficult questimrresolve, though the fact cannot be doubted, abave in the
specimen described a demonstration of it, appragdhi certainty almost to ocular evidence"(Haidmds31, p.108).
How the transition of calcite into dolomite woultke place was not explained. The word magnesiuphatd was not
used in this context either. At the same time Higeli (1831, p.108) declared: "I shall not enteo iah inquiry
respecting the probability of such changes in mainnhasses, of such an enormous bulk as the delarfiithe Tyrol, to
which Von Buch ascribed a similar origin."

(1.18) "Durch meinem verehrten Freund Wohler wuctieauf die Beobachtung, die auch Mitscherlich un@Gmelin
anfihren, aufmerksam gemacht, daf3 man Dolomit lweFfarm kinstlich zerlegen kann, wenn man eine@sufng von
Gyps durch denselben dringen laf3t. Bittersalz wgedhildet und kohlensaurer Kalk bleibt zuriick. Diesersuch
erlautert wohle mit hinreichender Evidenz die Bildudes Kalkspathes aus Dolomit bei unserer gewditeni
Temperatur und atmospharischer Pressung. Haufigalobtet man in den vielen Gypsbriichen der Ostliétheen, z.B.
zu Fullenberg bei Heiligenkreuz unweit Baden, zudiMannsfeld dstlich von Bernitz, Ausblihungen vatteBsalz als
Vollendung des Kreislaufes in der Bildung und Zanabhg von Dolomit": Haidinger (1844 A, p.250).

(2.19) "Ein von Wohler schon 1843 eingeleiteten ¥Hrn. von Morlot im verflossenen Winter durchdefér Versuch
wurde erlautert. Er beweist, daf’ die von der Tkeegrlangte chemische Reaktion unter einem héhamneck und bei
200 R Warme wirklich eintreffe, trotz dem daR bei géwlicher Temperatur und unter dem einfachen Ludklider
entgegengesetzte Prozess eintritt, so da’ Dolamihakine Gypsldsung zu Kalkstein bei AusscheidumgBittersalze
umgewandelt wird. Dem letzteren Vorgang verdankachrHrn. Bergrath Haidinger die zelligen aus kobdemem
Kalk bestehenden Rauhwacken ihren Ursprung": VorldW(1847 C, pp.393-394).

(1.20) "Haidinger hat zuerst die Vermuthung ausgeshen, dald der Dolomit ein Zersetzungsproductkettensauer
Magnesia mit einer Nebenbildung von Gyps sey. Beidnnliche Umsténde, wie sie leicht eingeleitetdgarkénnen,
findet indessen die umgekehrte Bildungsweise statem eine Gypslosung durch feingepulverten Ddidittiirt eine
Bittersalzldsung erzeugt. Unter hoheren Druck ugichbheren Temperatur wird jedoch, wie dieses deirvén directen
Versuch durch Von Morlot nachgewiesen ist, aus zteimen Kalkspath und einem Atom Bittersalz, eirorAt
Dolomit... und ein Atom Gyps gebildet": SartorilmwWValthershausen (1855, p.137).

(2.21) "Wenn man namlich durch gepulverten Doloenite Auflésung von Gyps filtrirt, so entsteht dimgekehrte
doppelte Zersetzung in der Art, dai3 Bittersalz elifgf durch's Filtrum geht, wahrend kohlensaurdk Karlickbleibt":
Von Morlot (1847 A, p.309).

(2.22) "Ich habe Chlormagnesiumldsungen von véedeimer Concentration mit Kreide angeruhrt anddxtbahre bei
gewohnlicher Temperatur stehen lassen und doch &ilcl Spur gegenseitiger Zersetzung entdeckenekdnriLiebe
(1855, p.431).

(1.23) "Viele Muhe habe ich mir gegeben, eine &gzisg des Magnesiumcarbonats durch Kalkcarbonbagwzirken.

Kohlensaure Magnesia, volkommen kalkfrei, wurd@iasser, durch welches anhaltend Kohlensaure stréwrfigelost
und zur klar von der riickstandigen kohlensaurenrdsig abgegossenen Flussigkeit kohlensaure Kalkdiglganz
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magnesiafrei war, gesetzt. Nachdem das in einesciessenen Glase aufbewahrte Gemeng Uber Nadlst ithe
gewodhnlicher Temperatur, theils in ganz gelindegdstionswarme gestanden hatte, wurde die fliissigkéitrirt und
der kohlensaure Kalk so lange ausgewaschen, aldli@aschewasser noch auf Magnesia reagirte. Adlsienthielt
weder die abfiltrirte Flussigkeit kohlensauren Kaikch der ausgewaschene kohlensaure Kalk kohlendéagnesia.
Diese Beimischungen héatte man aber finden missm das Magnesiacarbonat halbgebundenen Kohleresduaten
kohlensauren Kalk abgetreten und denselben irchisiiKalkbicarbonat umgewandelt hatte": Bischob8,8§.1120).

(1.24) "Die Bildung von Dolomit aus schwefelsabdagnesia und kohlensaurem Kalk beruht auf einentd®m
welcher dem bei gewdhnlicher Temperatur stattfiddenfast gerade entgegengestezt ist. Ich habe emsnoht, die
Temperatur zu bestimmen, bei welcher diese Umkdblge aber derselbe nicht sicher ermittelt; sibesnt bei oder
nahe tUber 100= 373 K] zu liegen": Hoppe-Seyler (1875, p.505).

(1.25) Pfaff Sr. (1894, p.487) noted: "Da nun lekaist, dass Gyps sich mit kohlensauer Magnesisetzhund
schwefelsaure Magnesia neben kohlensaurem Kalgdvedhnlicher Temperatur liefert...". His son hasficmed the
observation, and illustrated it with the followirexperiment: "Man kann sich von dieser Umsetzung $sibht
Uberzeugen, wenn man feingepulverten Gips und Dblaiteinander mischt, diese Salze in einen Trichtiessen
Rohr mit Baumwolle verstopft ist, bringt und Wasasfgiel3t. Im abtropfenden reinen Filtrat wird noie Magnesia in
bedeutenden Mengen stets nachweisen kénnen":JPf&f907, p.563).

(1.26) "Bis heute haben wohl tausendfach variigesuche durch Einwirkung von Meerwasser oder Masungen
der Chloride oder Sulfate des Magnesiums auf Kadkarbonat keinen Dolomit zu erzeugen vermocht'cki(lL937,
p.281).

(2.27) The original electrochemical series asmgivg Berzelius (1836, Vol.5, pp.61-62) is as fokowxygen, sulfur,
nitrogen, fluorine, chlorine, bromine, iodine, s@len, phosphorous, arsenic, chromium, vanadium,ylbdgnum,
tungsten, boron, carbon, antimony, tellurium, tamta titanium, silicon, hydrogen - gold, osmiumgdium, platinum,
rhodium, palladium, mercury, silver, copper, uramibbismuth, tin, lead, cadmium, cobalt, nickelnirainc, manganese,
cerium, thorium, zirconium, aluminum, yttrium, bligm, magnesium, calcium, strontium, barium, lithm, sodium, and
potassium (whereby oxygen is the most electronegaiiement and potassium the most electropositB@he of the
elements meanwhile have been allocated a sligliffgreht position, but the overall sequence as sweh remained
much the same. (Berzelius, 1836 excused himsdiiefirehand, because to him not all facts were knatvthat
moment.)

(1.28) For a much more complete account of thetyiof electrochemistry the reader is referredkektrochemie:
Ihre Geschichte und Lehfa book of 1151 pages !) by Wilhelm Ostwald (1896)

(2.29) "Jede chemische Wirkung ist also, ihremn@eunach, ein elektrisches Phanomen..": Berzeli8§, Bd.5,
p.71) and "Werden die Korper nach ihren elektriscBespositionen geordnet, so entsteht ein elekamitches
System, welches, nach meiner Meinung, am bestemali@msich eignet, eine Idee von der Chemie zegelBerzelius
(1836, Bd.5, p.60).

(2.30) "... diess zeigt, dass das, was wir Vegaimjs-Verwandschaft, chemische Verwandschaft neneiae
nothwendige und unveranderliche Beziehung mit dekirechemischen Erscheinungen habe": Berzeliu3g,1Bd.5,
p.59).

(1.31) But that is not all: Morrow & Ricketts (1®8called attention to their low-temperature syaizeof BaMg(C6g).
and PbMg(CQ)., , because as they put it "... the more readilgipitated mineral analogues of dolomite, BaMg;0
and PbMg(C@, , may provide insight into the precipitational Bamment of dolomite itself' (Morrow & Ricketts,
1986, p.408). And what to think of the problemedidy Hausmann (1854): if a sample of dolomiten&n to contain
FeCQ , at what moment would this iron have been intoeduinto the pre-existing limestone; before orrafie
introduction of magnesium carbonate?

(2.32) On this occasion Baron (1960) did not adaisihe possible role played by the addition ohtredly large
amounts of carbon dioxide in this particular expernt. Only a few pages before describing this expeet
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("expériment H" as found on p.45), Baron (1960) bhderved, that the presence of carbon dioxidephaxknted the
formation of nesquehonite or magnesium hydroxidbarzate, and that instead mixed anhydrous Mg/Uzocates had
been formed ("La présence de Cdans les systéemes d'équilibre étudiés conduit tanes les expériences a la
formation d'un carbonate mixte de calcium et demésigm. En particulier il n'y a plus ni de nesquéteoMgCQ;.3
H,O , ni d'hydromagnésite 4AMgG®g(OH),. 4 HO comme nous l'avions observé lors des séries geatas dans
I'étude du systéme GICO; , Cd*, Mg™, Na , H,O ": Baron, 1960, p.40). What would be needed twotmrate
Baron's conclusion on the effects of solid stafeigion, would be a duplication of this experimeurith nitrogen instead
of carbon dioxide. And in fact Michard (1960) stht¢hat Baron had performed such tests with nitnoigetead of
carbon dioxide, and that no dolomite at all forrmethose tests. Baron (1960, p.22) did mentiorutieeof nitrogen gas,
being bubbled through a solution of calcium chlendixed with magnesium chloride, to which sodiumboaate was
being added drop by drop. But those were low-teatpes tests (298 K), carried out without any inseein pressure.
At the same time it should be noted, that Baroofglkeision, that the presence or absence of thesaalion had no
effect on the conversion of the magnesium caloiie dolomite, can be doubted. When looking at iffeadtograms of
this particular experiment (Expériment H) on pageoft Baron's (1960) paper, little or no differert@n be detected
between the first and the second diffractogrameéiad H + KHO), but the more so between the first and the third
sec and H + solution mére). It is curious to fithdit Baron (1960) did not mention the second erpant of this series
(H + H,0) in the text of his paper.

(1.33) Even so Sorby (1879, p.85) was not quite:siThat some chemical replacement did occur adafiho doubt;
but it might be going further than the evidenceraats to conclude that the whole rock was entiedtgred by true
replacement, without any direct chemical precifptabf magnesia."

(1.34) After Ch. Martins had read in the name ofFAvre "... une note sur l'origine des dolomiesTgiol" at the

meeting of theSocieté de Géologie de la Franoa 5 March 1849, several objections were raiseihagthe newly
proposed theory. Coquand considered the theoritytatadmissible, because volcanic eruptions caubder have
raised the temperature of the sea water to 47840ch temperatures would have been attainedf #ieanimals living

in it would have been destroyed. Moreover thereneaseed for any high temperatures, because aysofplagnesium
would have been sufficient to form dolomite in #eglimentary way. Most dolomites would have fornrethis manner
("M. Coquand considére comme sédimentaires la gtasde partie des dolomies, quoiqu'il reconnaidssigqurs

exemples de dolomies métamorphiques": Bulletin S@&al. France, Volume 6, 1849, p.322). In additmguand had
observed, how limestones in Toscane (ltaly) haah lsbanged into dolomite near the contact with seipe, but that
the contact between dolomite and these limestoreshut a gradual one. Boubée added, that he disthegl two

different types of dolomites: the first had in geth&@ compact appearance and was of a sedimentgiry. @ he second
type was cavernous and had to be of metamorplgmoBelesse had also recognised sedimentary digletini the Jura
mountains of France.

(1.35) At the start of his paper on the first esymthesis of dolomite Von Morlot (1847 A) pointedt, that at room
temperature dolomite powder reacted with a solutiogypsum to give calcium carbonate plus a satutibmagnesium
sulphate. But Haidinger (1844 A,B) had suggesteat, although under atmospheric pressure and ndemmgerature
dolomite would change into calcite, the reversetiea would be taking place in the deeper realmhefearth, where
higher temperatures and pressures existed. Thecappt of Haidinger's (1844 A,B) theory @fhagenousand
katogenousmetamorphism would thus explain the change ofitealoto dolomite. Von Morlot (1847 A) gratefully
acknowledged Haidinger's suggestion to perform mxeats aimed at the synthesis of dolomite at éésla
temperatures and high pressure in the laboratottyeddk. Hrn. General-Landes- und Haupt-Minz-Probir&rd_6we
(Vienna) in the winter of 1846.

(1.36) Commenting on this fact, Pfaff (1851, p)A@é8ncluded: "Es ist damit also die ganze Theoda einer
Dolomitisirung Uberhaupt als eine ganz und garattietfte zurlickgewiesen."

(1.37) Mere rhetorics were used for example bylteo& Hoernes (1875) to convince their readerthefnecessity to
develop a wide variety of theories of dolomitizatiéGleich hier mége bemerkt sein, dal? die Entstgldes Dolomites
in verschiedenen Gegenden auf sehr verschiedenseVéeiolgt sein mag, und dafd lediglich genaue gesabe
Beobachtung uns die bezlgliche Erklarung fur dexisflen Fall zu liefern im Stande ist" (DoelterHbernes, 1875,
p.295), and "Bereits friher haben wir darauf hirigeen, wie unrichtig es ware, fir ein Gestein vée [dolomit eine

J. C. Deelman (2011): Low-temperature formatiodabmite and magnesite



Notes 333

einzige universelle Hypothese fir seine Bildungastiellen, wie das von Manchen gethan wurde" (Boé&ltHoernes,
1875, p.307). But then it should be realized, #tahe same time Doelter & Hoernes (1875) fourdifficult to give a
chemical definition for dolomite: "So schwierig gietrographische Definition des Dolomites ist, slavgerig ist auch
die chemische" (Doelter & Hoernes, 1875, p.297pnpPare the strikingly similar remarks by Land, 198@8: "There
is clearly no unique environment necessary foifdhmation of dolomite ... The "dolomite problem" stultimately be
reduced to particular cases. No single, simplesratiracing model exists ... The second point | vastmphasize is that
"dolomite” is a complex mineral”.] But how couldethknow at beforehand, at a time when not one &mperature
synthesis of dolomite had been performed?

(1.38) The concept of "de-dolomitization” was @atuced by Von Morlot (1848 A), to delineate thectia between a
solution of calcium sulfate and dolomite powdeadimg even at room temperature to calcium carbgagea solution
of magnesium sulfate). Von Morlot stressed the fasgion, that this very reaction takes place urmerditions of low
temperature and atmospheric pressure, and thatumagr conditions of high temperature and elevaiedsure a
solution of magnesium sulfate reacts with calciambonate to give dolomite plus gypsum.

(1.39) The "de-dolomitization" concept used byITE@®£03) was clearly restricted to metamorphicctieens only.

(1.40) "Most dolostones are formed by replacemémtre-existing calcium carbonate sediments, blastones may
revert back to calcium carbonate rocks by the m®oédedolomitization": Friedman & Sanders (196269).

(1.41) The absence of any noticeable ionic diffash the carbonates at room temperature inevitablgs to another
conclusion: Tammann & Sworykin (1928) warned, tiatrue equilibrium can possibly exist between lsiyed crystal
lacking measurable diffusion in the solid state ésmdnother solution. As a consequence it will Inetpossible to define
any "solubility" of mixed crystals such as the megjom calcites. "Berlicksichtigt man, daf? die Diffnsson Salzen bei
gewohnlicher Temperatur im Laufe von Jahren nielchauweisen ist, so sieht man ein, daf? die ataeiigiBedingung
des Gleichgewichtes fiir Mischkristalle mit den Ligen, aus denen sie entstanden sind, n i c hfillt est.
Infolgedessen darf man auch von einer isothermesiidhieitskurve nicht sprechen, wenn man mit demrté&/o
Loslichkeit einen Gleichgewichtszustand bezeichmiditt Tammann & Sworykin (1928, p.240).

II. SOLID SOLUTION OR SUPERLATTICE ?

(2.1) In this book | will follow the example of Baffgotsch (1839), Karsten (1861), Von Gorup-Beza{i872),
Halenke (1872), Ostwald (1919) and Mitchell (1928)d will represent dolomite by the chemical equmtio
CaCQ.MgCQO; . In chapter 3 it will be shown, that there aredjgeasons for doing so because of the structural
chemistry of the mineral.

(2.2) De Dolomieu (1791) made a considerable pafittie phosphorescence exhibited by the new mijnehan struck
with a piece of metal or another piece of the saomk. But not more than one year later Gillet-Lanin(l792)
observed, that this phosphorescence was not arprapelusive to the newly described limestonet thauld not
effervesce with dilute acid, and thus questioneal dbservations made by De Dolomieu ["... je concli@ue la
phosphorescence n'est reservée exclusivement exmegpralcaires des montagnes primitives (mémedles & lente
effervescence), mais qu'il y a en France beauceupigtres calcaires dans les montagnes primitseenndaires &
tertiaires douées de la vive effervescence & gatsphorescence™: Gillet-Laumont, 1792, p.99.]

(2.3) According to Klaproth (1798eitrage zur chemischen Kenntnis der Mineralkorpgd.l, p.304) the first
description of the mineral dolomite should be hbtttéd to Woulfe (1779). From that paper, in paliicdrom the
section headetOf a set of spars whose properties were not hithlenown, and experiments made on one of them"
can be seen that Woulfe (1779) had indeed analgzedrbonate ("spar") "... whose properties were hitbierto
known", and that that carbonate not only contaiceddium oxide, but also "some other oxide" (as \iQul779, p.32
put it: ".. judged from the foregoing experimertiattthis spar was composed of calcareous earthe gom and a
portion of some other earth, which, with acid dfigl, forms a soluble salt"). It will be difficuto maintain, that Woulfe
had indeed discovered dolomite: his descriptionghef crystal are rather vague (and restricted gocdlour and
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rhombohedral form) and his chemical analysis isalsly wanting.

(2.4) "Marmor tardum - Marmor particulis subimptibus album diaphanum. Hoc simile quartzo durdistinctum
quod cum aqua forti non, nisi post aliquot minutéego, effervescens": Linnaeus (1768, Tomus IKW1. [translation:
Slow marble - Marble, white and transparent witrelyadiscernible particles. This is as hard astguaut it is different
in that it does not, unless after a few minuteslatet, effervesce with "aqua forti".]

(2.5) "... la dolomie n'est autre chose qu'unelinaison proprement dite, de l'acide carbonique 8amgile & la terre
calcaire": De Saussure (1792, p.169).

(2.6) In his own words: "An analysis of this savgte was lately given in tli®urnal de Physiquébut this is probably
erroneous; for, upon examining three specimeng,wege found to consist of magnesia and calcareatts, like the
magnesian limestone; so that it ought, no doulbieteconsidered as the same species of stone, buitate of greater
purity": Tennant (1799, p.310), and: "The crystall structure which may generally be observed énnlagnesian
limestone, seems to shew that it has not been bbyehe accidental union of the two earths, bustrhave resulted
from their chemical combination”: Tennant (17931®).

(2.7) "La dolomie en proportions atomiques exisgéle comme espéce minérale définie ? On doitque®n douter,
aujourdhui que l'analyse nous montre les carbordgemagnésie et de chaux associés en proportiquel gpres
indéterminées. On peut tout au plus admettre qaergosition de ces unions complexes oscille digméce autour
de certains points de stabilité maximum": De Sépatr(l.851 A, p.149).

(2.8) "Da beide Basen isomorph sind, so kénnensill innerhalb gewisser Grenzen in sehr versch@de
Verhaltnissen vereinigen, und doch denselben Hiigsten Koérper darstellen”: Bischof (1855, p.1)03

(2.9) "Durch diese Thatsache war eine directe tsphie zwischen CaGQund MgCQ wenn nicht unméglich, so doch
bedenklich geworden": Retgers (1891, p.133).

(2.10) "Die Versuche lehren uns nichts anderes,dald in der Mitte der Reihe ein physikalischestraclditives
Doppelsalz auftritt": Retgers (1892, p.213).

(2.11) "... a somewhat surprising excess of calcabbove the dolomite ratio and the excess is atiaboote &
Bradley (1914, p.344).

(2.12) At this point it must be remarked, that theestion whether a broadened peak is the resginefl individual
grains or the result of the occurrence of an erdwlwsaikstruktur(the occurrence of a strong domain structureen th
crystal's lattice) is not really of importance. Thrain problem in the low-temperature nucleationdofomite in
laboratory tests was in fact the creation of a aegr, high and sharp main diffraction peak aB28n. Only in that
case any hope could exist to find the required rstipeeture reflections at 40.3 , 25.4 and 20.6 Rinding these
superstructure reflections is, according to a moitestipulated by Graf & Goldsmith (1956), necegda distinguish
real dolomite from "protodolomite"”.

(2.13) "Geometrisch ist auch ein gewisses Versiigrahfiir zu erhalten, daR bei diesen Uberstruktdes Calcit-Typs
nur zweiunterschiedlich groRe Kationen, und zwar im velbgineten Zustand im Verhéaltnis 1 : 1 vorkommen.iGo
den Koordinationspolyedern um die Kationen die BgéhAchse erhalten bleiben, smisseninnerhalb einer
Karbonatschicht alle C&Gruppen in selben Sinn gedreht werden. Verlangh rmasatzlich fur die Kationen
Punktsymmetrie 3 , so entstehen notwendigerweibil®en mit gréReren und kleineren Oktaedern imh§imis 1 : 1

": Zemann (1981, p.106).

(2.14) Klaproth (1804) gave the name of this dalemeposit in Switzerland as Campo Longo; Linc®Q(@) described
the same as Campolongo, and Mihlenthal (1922)eef¢o it as Campolungo.

(2.15) "Endlich stelle ich den Gebirgsforscherieam, ob die Bennennung D o |l o m it , nach desuRaten
vorstehender Untersuchungen, in der Geognosielmacithbar bleiben...": Klaproth (1804, p.130).
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(2.16) "La dolomie peut étre mélée avec de lapiealcaire; mais elle-méme contiendra une prapodetérminée de
magneésie qui ne change point": Von Buch (1822 B§3).

(2.17) To give only a few examples: "Dolomit ausrdAsbest des Greiners im Zillerthal; krystallisatisgezeichnet
klar und wasserhell ..." (Haushofer, 1881, p.22Dplomitspath von Pfitsch, Tirol. Aus dem Mineraigammlung der
Universitat Uppsala. Spaltungsrhomboéder mit glaski Spaltebenen. In kleinen Stiickchen fast waslbarhd
durchsichtig.." (Vesterberg, 1900, pp.110-111); dHdblomit vom Greiner. Ein 4 cm grof3es wasserhelles
Spaltungssttick..." (Eisenhuth, 1902, p.584).

(2.18) "Es genugt also nicht, durch eine chemisétitersuchung die Menge der kohlensaure Bitterierdgend einem
Kalkstein zu bestimmen, sondern es muf3 zugleichvéebindungszustand der beiden kohlensauren Erduittedt

werden, wenn die Lagerungsverhéltnisse des Gediibieis seine Bildungsweise nicht schon einem unglireiften
Aufschlul® zu geben vermogen": Karsten (1848, ppS23.

(2.19) "Ein anderes bestimmtes Verhaltni3 zwisatemkohlensauren Kalk- und Bittererde, als dasipeliche, habe
ich niemals gefunden. Bei nicht krystallisirten Dwiten sind unzahlige Verhéltnisse moglich und kamnauch
wirklich vor. Aber diese lassen sich erweilich dah Zustand eines bloRen Gemenges von Dolomkahlensaurer
Kalkerde flhren": Karsten (1828, p.82).

(2.20) The multitude of analyses performed by Ldens& Chimahusky (1980) has provided evidence agdime

theory, that all Recent dolomites would be nonestioimetric and only very old dolomites would evdtaia a

stoichiometric composition (e.g., "Such a stochitsynés characteristic of most ancient dolomiteseveas reported
occurrences of Recent, authigenic dolomite fromumber of sedimentary environments are of non-stooéiric,

calcium-rich phases": Hardie, 1968, p.1292).

(2.21) Karsten (1807 B) had found in a serpestirock near Aggsbach, Austria a large quantity whie crystalline
mass, which upon chemical analysis was found tgisbaf 70.50 wt. % calcium carbonate and 29.5@4vtnagnesium
carbonate. John (1814) had analyzed a bladder $tomea horse and had found it to contain 80 wtc&cium

carbonate plus 10 wt. % magnesium carbonate.

(2.22) 1t is often thought, that Chave (1952) wlolve been the first to coin the "magnesium elconcept. In this
regard it is perhaps interesting to realize, thambur (1851) had described deposits of "calcairgnésien" of
biogenic origin, that Hunt (1859, p.184) reportacibuble carbonate of lime and magnesia"; thaasét 8cheerer (1866,
p.12), who spoke of "Krystalle von Kalk-Magnesiart@mat"; and that Linck (1909 A) described labonatyntheses
of mixed crystals denoted as "Kalzium-Magnesium@adt' and "Magnesiumkalziumkarbonat". From the eginit
can be concluded, that all four authors mentiomeeant to describe mixed crystals between Ga@@ MgCQ
different from dolomite. If only Chave (1952) wouldve taken the trouble to read the paper by $iait (1911 A),
which appeared in the sandeurnal of Geologyin which Chave's paper was printed, he would Haaened, that
observations on the same subject by ForchhammB2)E®d Hogbom (1894) preceded his own.

(2.23) The postulated linear relationship betwpercentage MgC9and the position of certain diffraction peaks
implies, that only CaC®and MgCQ should be present. Magnesium calcites containirygogher cations cannot be
used in this type of X-ray analysis. According toa@e (1952) trace element concentration in the ksmysed would
not be responsible for the noted deviations frorgard's Law, but he did not give chemical analyses.

(2.24) The mathematical calculations used by 2656) to illustrate his rejection of "Vegard's Law&re based on a
binary solution, in which the volume effects of the different components are additive (i.e., tbkumne of the mixed
crystal or "solid solution" is not changed by mixithe two components of it).;\and \4 denote the molal volumes of
these two components, and N denotes the moledraoficomponent 1. The volume of the mixed cryistaherefore
given by

V=NV;+(1-N).\

or V=N.(M-Vy+V,. (eq.1)
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Provided that the two components, as well as theunai itself, crystallize in the cubic system, aitér replacing the
molar volumes by the dimensions of the two unilsoslth edge Rand R respectively, the preceding equation changes
into

R=r-FR N, (eq2)

2

from which it follows, that

R=R,.(1- [1-(%} .N)™ (eq.3)

2

The last equation must be reconciled with "Vegat@dis/'. This can be done after defining the molatlure of
component 1 as

and the molar volume of component 2 as

For now "Vegard's Law" gives the unit cell edgefR mixed crystal with intermediate composition as:
R=R(1+B.N), (eq.4)

(which is tantamount to the prior statement, thatvolume effects of the two end-members are a@{litin the latter
formulation the unit cell edge of a mixed crystalhwintermediate composition is proportional to thele fractions;
whereas in equation (3) R is proportional to thibecroot of the mole fraction. "This problem canftrenulated in a
slightly different way. Writingx = (R/R,)® - 1 in equation (3) and expanding the cube matseries, we get

R=R (1 +1/3aN - 1/902N* + ...) (eq. 5).

Comparing with (4), we see that 3 = #/3and the two expressions can be reconciled ohnverms higher than the
first power ina are negligible, i.e., if

(Yi1y<<1,
Vo>
which means that the pure end-members do not heryedifferent molar volumes. The fact is intuitivedbvious, but
equation (5) expresses it analytically and givesegise relation between allowable difference id-er@mber volumes
and any desired degree of approximation to lingéoit the solution (when other conditions are aatisfied)": Zen
(1956, p.524).

(2.25) "Chave's use of the expression "solid Eniutetween calcite and dolomite” is misleadingnpositionally, this
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expression is permissible, but structurally itda take into account the ordered nature of daégraind the fact that
this ordering does not exist when there is sigmiftcdeviation froma 1 : 1 Ca : Mg ratio": Goldgmet al. (1955,
p.212/ FOOTNOTE).

(2.26) "The calcite-dolomite solid solution is taide. Analyses of fossil materials show that ttagnesium content
falls to 1 or 2 per cent often within a few of nailis of years. The magnesium is replaced by calciura forms richest
in magnesium seem to be changed first. This sugiglest the solid-solution series is unstable umdlenear-surface
conditions, except within the biological environrhevhich produced it": Chave (1952, p.192). But camepthe
observation made by Bischof (1855, p.1125) on tlg€% content of biogenic calcites: "Auch diese Erderkedaher
nur durch organische Théatigkeit aus dem Meerwassgeschieden werden, wie diese auch der Magnesiagekden
von Seethieren gebildeten Kalksteinen zeigt."

(2.27) The definition of a "mineralogical species'given by Haly in hifraité de Minéralogi€1801, Vol.1, p.162)
reads: "... une collection des corps dont les nubdécintégrantes sont semblables, et composéeané&tess éléments
unis en méme proportion”, and Hatly added, thattacune des especes est distingée de toutesrkes par une forme
de molécule intégrante qui lui appartient exclusigat".

(2.28) "Die vom Herrn Inspektor Werner im gedaohtéufsatz ebenfalls beschriebene sechsseitige
Kalkspatkristallisationen aus Arragonien ... kdnnemlso nur als Abanderung des gewoéhnlichen ialkssangesehen
werden, welche Ab&nderung nicht in einer Verschibdié der Bestandtheile, sondern blos in einer abhwaden
Zusammenfligung der gleichartigen Theile, ihren @het": Klaproth (1788, pp.299-300).

(2.29) "Der Arragonit enthalt namlich aul3er kokkmrem Kalk noclikohlensauren Strontiarin einem constanten
Verhaltnil mit erstererohemischverbunden, und mul3 als eine wahre natirliofigelverbindungder Kohlensaure mit
Kalk und Strontian betrachtet werden. Die Menge idedem Arragonit mit dem kohlensauren Kalk verlemeh
Strontians betragt zwischen 3 und 4 Procent": Styem(1813, p.232).

(2.30) The possible significance of strontium to¥gathe mineralogy of sedimentary carbonates,raigig in this very
publication by Stromeyer (1813), is apparently biing discussed today (more than 170 years lslitscherlich, 1819
introduced the concept of polymorphism!). Papergh@noccurrence of strontium in calcium carbonateh as for
example those by Kulp et al. (1952), Siegel (196&hli & Hower (1961), Holland et al. (1964), Dod®67), Green
(1967), Bausch (1968), Kinsman (1969), Kinsman &l&al (1969), Katz et al. (1972), Veizer & Demoyik974),
Mucci & Morse (1983), Baker et al. (1982), and Rimig & Eastman (1986) document the unabated isttere

(2.31) Rose (1868) has documented the eventmtptmithe discovery of isomorphism by Mitscherlintl819.

(2.32) The artificial sea water used by Vetterl9contained in 1 dfrwater 27.90 g NaCl , 2.34 g MgGl1.85 g
MgSQ,, 1.56 g CaS@, 1.55 g KCI, and 0.52 g NaBr.

(2.33) Although Chave (1954 B, p.594) used the tdow-magnesian aragonite”, he refrained fromrgiva definition
or an analysis of such a mixed crystal. The comscefptlow-magnesian calcite" and "high-magnesidaited have been
defined by Chave(1954 B, p.594) in the followingywa.. high-magnesian calcite (i.e., calcite witiore than 4 per
cent magnesium carbonate in solid solution)”. Tée af the concepts "low-magnesian aragonite" aigh-tmagnesian
aragonite" by Friedman (1968) must be regardecetodmfusing, the more since the maximum MgE@ntent of the
so-called "high-magnesian aragonite" was only 5.§mille) (Friedman, 1968, Table 5, p.912).

(2.34) "Man hat somit vom Calciumcarbonat zum Mssigmcarbonat eine isomorphe Reihe mit sehr beddera
Mischbarkeit, wie sie im Mineralreiche so haufigdsi Redlich (1917, pp.52-53).

(2.35) But there was more, that Searl (1994) eated from his more than 2000 microprobe analyse®loimite. The

measured bimodal distribution of mol % Cagd®various dolomites could not have been causegrégipitation from

two different solutions. The uptake of magnesiund(ealcium) during crystal growth might well be trofled largely

by surface geometry (as Paquette & Reeder, 199Makdon, 1991 had proposed), and therefore then aftiggested
role of the Mg/Ca ratio of the solution must béneatlimited.
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(2.36) On the basis of their measurements on #reyemese contents of various dolomites Lumsdeno&d_(1997)
thought it necessary to distinguish five differé&mds of dolomite: group A dolomite, group B doldejigroup O
dolomite, protodolomite and metamorphic dolomit€rdup A dolomite, typical of dolomitic limestonesdasome
dolomicrites, is calcian ( > 53 % Ca) and has aheanganese partitioning rate (MNPR < 25), a sngdital size ( <
0.05 mm) .... Group B is nearly stoichiometric $Z% Ca), has a high MnPR (> 50), large crysta 6.1 - 0.5 mm)
... Group O dolomite, common in evaporite-relatetbuohicrites, is stoichiometric (49 - 52 % Ca), dra a low MnPR
(10 - 25) and a compact unit catlgxis 16.01 - 16.04 A)": Lumsden & Lloyd (1997, §13.

(2.37) "Despite the fact that complete chemicatganization has taken place, the c-axis oriematfdhe replacement
product, as determined by optical properties, apptabe identical with that of the original alghand & Epstein
(1970, p.197).

(2.38) "The discrepancies between solubilitiesioled from precipitation versus dissolution experits remain as yet
unexplained": Mackenzie et al. (1983, p.118), ab&Solution experiments, which have been perforeedusively
with biogenic materials, are fraught with diffidall of sample preparation (grain size distribut@gstal strain owing to
grinding, annealing) and microarchitectural effdsleeletal crystal size, surface morphology). Bseatlhe magnesian
calcites contain hydroxyl or molecular water as destrated, heating procedures aimed at annealiyghic samples
in which water is lost, could conceivably affece tHissolution rates and solubility. Furthermores firoblem of
interpretation of dissolution reaction data hasyebteen resolved": Mackenzie et al. (1983, p.143)

(2.39) "Beriicksichtigt man, da® die Diffusion vBalzen bei gewdhnlicher Temperatur im Laufe vorrehammicht
nachzuweisen ist, so sieht man ein, daf} die aienfist Bedingung des Gleichgewichtes fiir MischKtestanit den
Lésungen, aus denen sie entstanden sind, n i ceifdlt ist. Infolgedessen darf man auch von eisethermen
Léslichkeitskurve nicht sprechen, wenn man mit dorte Loslichkeit einen Gleichgewichtszustand betzeen will."
(Tammann & Krings, 1923, p.240).

[ll. NEODOLOMITE RE-EXAMINED

(3.1) In their 1955 paper on dolomite - magnesbafoite relations at elevated temperatures angpe€ssures Graf &
Goldsmith observed, how in several runs of the téghperature & high pressure experiments equilibrapparently
had not been reached. That is to say from theteadcid magnesite mixtures or the co-precipitatedGaarbonates
used as a starting material "... a phase was @okairat had spacings equivalent to, or near, thbdelomite but with
somewhat diffuse reflections. The ordering reftawdiin such cases were weak or absent": Graf & <Bott (1955,
p.124). This phase was originally given the nam@edolomitgGraf & Goldsmith, 1955, p.124).

(3.2) Goldsmith & Heard (1961) noted, that thredeo reflections can be distinguished in powdefratifograms of
dolomite, and claimed that "... many more are gesimgle-crystal pictures" (Goldsmith & Heard, 19¢.57).

(3.3) To give only one example of the confusetksté things regarding "protodolomite™: Hein et @979) described
the magnesium calcium carbonate found in cores thenbeep Sea Drilling Project as "protodolomited added, that
"... X-ray reflections of ordered dolomite are mmtsbut of low intensity and broadened" (Hein etE79, p.691).

(3.4) The term "superstructure reflection” is todreferred over "order reflections”, because Bid§d4 A) did not
use the word "order reflection" quite unambiguousiyistinguish between reflections resulting frira multiples of
nA (as in 2nd, 3rd ... order reflections) and reftets based on geometrical order (for example indhase of
crystallographic planes in sodium chloride contagronly sodium atoms or only chlorine atoms).

(3.5) As expressed by Nix & Shockley (1938, p.2): the conclusive evidence of ordered arrangesneoit
superstructures, or superlattices as they aredgaliefurnished by the presence of "superstruclines" on X-ray
diffraction patterns".

(3.6) "Isomorphe Mischbarkeit in erheblichem AuBemaund bei Temperaturen, welche nicht sehr nahe den
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Schmelzkurven liegen, tritt ein, wenn die Radienlmireffenden Bausteine um nicht mehr als etw@o 1B Prozenten
des kleinsten Radius) voneinander verschieden:sioltischmidt (1926, p.83). It must be remarkecd htttat Vegard
(1921) had already hinted the fact, that the tvfemint kinds of atoms making up a mixed crystathef solid solution
type should not be too different in size ("... dieander ersetzenden Atome mussen sich im Mistakidsif annahernd
denselben Atomdurchmesser einstellen”: Vegard,  182222).

(3.7) Puhan (1984) even showed scanning electrotomicrographs of dolomite crystallites in perfesgjister with the
crystallographic threefold axis within a host caystf exsolved magnesium calcite. These samples frem high grade
metamorphic marbles found in Namibia.

(3.8) ltis this two-step decompostion of dolontiténg heated, that forms the basis for a numbimdoktrial processes
intended to extract magnesium (oxide) from the maihelolomite. For example in the process patentgcthie
Steierische Magnesit-Industrie A.(3922/1924) the magnesium carbonate content ofdltd starts its decomposition
at a temperature of 773 to 873 K, whereas theuwalcarbonate content remains intact unless tempesaabove 973
K are reached. Comparable processes based onl paftimation have been described by for examptel £1925),
Heinrich (1925) and patented by DuBois (1932) @se the reviews on the separation of magnesia €tolomite by
Platzmann, 1937 and Seil et al., 1943).

(3.9) Bischof (1855) stated, that analyses ofdpunagnesite by Ddbereiner (1815), Berthier (1838) Stromeyer
(1827) had revealed a maximum of only 0.3 (wt.) &C; . Analysis by Rumpf (1873 B) of magnesite from Maell
(Steiermark, Austria), had shown, that it containaty 1.58 wt.% CaC® Six other samples of magnesite analyzed by
Rumpf (1873 B) were found to contain between 086 2.42 wt.% CaC® Only 0.17 wt.% CaC®were found by
Garrels et al. (1960) in magnesite from OberdouStla. As early as 1827 Stromeyer had concludad fris chemical
analyses, that magnesite would not contain anyiuralcarbonate. [ Stromeyer, 1827 had analyzed sampf
crystalline MgCQ , but wanted confirmation of his observations. rEf@re four different samples dlagnesitspath
from the Zillertal, from the Fassatal, from HallTiyrol (Austria), and from the St. Gotthard (Switaed) were sent by
Stromeyer to Prof. Mohs in Vienna to be analyzelle Bnalyses by Mohs confirmed his own: the sampfes
magnesium carbonate did contain iron carbonategamese carbonate, and even a small amount ofedadp calcium
carbonate at all. ]

(3.10) In his textbook on chemical and physiablggy Bischof (1855) observed, on the basis ofathayses of
dolomite published by Karsten (1828), how dolomiteight well contain more than the stoichiometricoammt of
CaCQ , but never more than the stoichiometric amounMgfCO; : " Aus allen Analysen ergab sich, daf3 in den
Dolomiten, deren Zusammensetzung sich der voni@),[1 At. CaC@= 54.18 wt.% + 1 At. MgC®= 45.82 wt.% |
nur nahert, die kohlensaure Magnesia nie mehr, esanstets weniger als 45,82 Proc. betragt, dal3gdagédie
kohlensaure Kalkerde 54,18 Proc. immer Uberstegjsthof (1855, Bd.Il, Abth.2, p.1104).

(3.11) "This latter sample contains 62.9 mole % Iygtitration and 58 % by its X-ray spacing. It wagpared by
adding 3.75 g of NaHC{n 75 ml of water to a solution of 80 g Mg® H,O , 1.12 g CaGI2 H,0 and 30 g NaCl in
75 ml of water at 35C. The precipitate was filtered from the solutiftea70 hr': Glover & Sippel (1967, p.608).

(3.12) "Although no experimental work has beemiedrout on this portion of the system, it mightebgected that less
Ca would be substituted in MgG@an Mg in CaC@. The difference in ionic size of Caand Md" is considerable
(1.06 A vs. 0.78 A, Goldschmidt values), and extensubstitution of the larger atom for the smatiee should be less
likely than the reverse": Graf & Goldsmith (1955137). And the comparable observation: "This déffee reflects, in
part, the relative difficulty of substituting a et large cation (G on a small site (in magnesite) compared with
substituting a small cation on a larger site (abémagnesian calcites)": Reeder (1983, p.18).

(3.13) Kitaigorodsky (1984), in a description bétsame phenomenon occurring not in ionic crystatsn metals,
coined it picturesquely with the term "hanging lebs

(3.14) "Protodolomite entstanden nur dann, wenh das Gleichgewicht bei zu kurzer Reaktionsdaaeh micht
eingestellt hatte": Usdowski (1967, p.34).
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(3.15) In more or less comparable experimentsherhidrothermal synthesis of dolomite Sibley e{(87) could
distinguish only two different stages: an inductgtage (during which no detectable products foma) @ nucleation-
growth stage.

(3.16) "The disturbed layer sequence in theserialtanay represent a two-phase intergrowth onxaeezlingly fine
scale": Goldsmith & Heard (1961, p.62).

(3.17) "The term protodolomite is suggested fargle-phase rhombohedral carbonates which deviata the
composition of the dolomite that is stable in aegienvironment, or are imperfectly ordered or bbth,which would
transform to dolomite if equilibrium were estabésh: Graf & Goldsmith (1956, p.184).

(3.18) "If superstructure reflections are trulyselt, however, then these materials are not dastiReeder (1983,
p.36).

(3.19) "Products without ordering peaks are carsd HMC": Sibley (1990, p.740) (HMC = high maguesicalcite).

(3.20) "HMC and nonstoichiometric dolomite bothinfied smooth-faced rhombs. The surface of the stwiatric
dolomite appeared heavily pitted and corroded":ddog & Sibley (1994, p.193).

(3.21) Backscatter scanning electron microscopy used by Searl (1989) to study the compositionaing in
samples of what was described as "saddle dolon(ifee subject "saddle dolomite" as such will beatjarded in the
present book, because morphology has little toittostructural chemistry.)

IV. REGIONAL ASPECTS OF DOLOMITE FORMATION

(4.1) The reader may well wonder about a statermeacth as that by Philippi (1907, pp.408-409): "Wirfen mit
Sicherheit annehmen, dal’ die primére Dolomitbildargrof3em Maf3stabe auch in den heutigen Meeresictogeht."

(4.2) "These multicyclic modern dolomite rhombsd afhomb clusters may be the future nuclei for egata
precipitation of further dolomite, either on thedeon sea floor or later, during burial": Bone et(4991, p.28).

(4.3) In 1920 Gignoux had asked attention for fdt, that the protozoafrichosphaeriumconsisted entirely of
"carbonate de mangésie", and that this fact migh¢ Isome significance for the formation of dolomite

(4.4) As early as 1834 Ehrenberg described, howadefound the sediment of the Red Sea near Rasrktakd to

consist of a mixture of quartz and feldspar graemmented by dolomite: "Die Kisten des rothen Mebestehen auf
der arabischen Seite zuweilen aus Mergel und Gyesbei Hamam Faraun im Norden und bei el Gisarsiiden,

zuweilen aus Sandsteine, wie bei Nakuhs, oderiaameSandsteinartigen Conglomerat von Quartz utdspath mit

Dolomit-Cament, wie bei Ras Muhammed..." (Ehrenb&834, p.45).

(4.5) The difference between the vadose zone laadliraetic zone has been explained by for exabaies &
DeWiest (1966) as follows: the groundwater thatuoeén the phraetic zone (i.e., zone of saturatiomps the deepest
part of the groundwater, and it will enter freaiyoi wells. Groundwater above the water table ctaige the water of
the vadose zone. This vadose water, also knownisesded water, is in downward motion under thieiente of

gravity.

(4.6) For identification purposes the geograpbaation will be given in degrees latitude and |tudg for the islands
mentioned (Pacific atolls or otherwise):

Atiu (Cook Island) 19°99' € 15810 W

Bikini (Marshall Islands 11°35'N 165°20'E
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Christmas Islar 2°00’' N 157°30'E
Clippertor 1C°18'N 10€°13' W
Eleuthra (Bahamas) 25 N 76 30' W
Eniwetok 11°30'N 162 10' W
Eua (Tonge 21°23' € 17455 W
Fangitaufa (Tuamotu Archipelag 22°12' S 221°20' W
Funafuti (Ellis Islands) 830’ S 17912'E
Guam (Marianas Islands) 430’ N 144 40’ E
Jarvis Island (Line Islanc 0°23' < 16C°02' W
Kambara (Fiji Island: 18°57' 176°58' W
Kapingamarag! 1°TN 156°8' E
Kita-daito-jima 25°27' N 14716’ E
Lau (Fiji Islands 20°7' S 1787 W
Lifou-Lifou (Loyalty Islands 21°S 167°20'E
Makatéa (Tuamotu Archipelag 16°10' € 148° 14 W
Mangaia (Cook Islands) 29'S 1579 W
Mango (Pacific Islands) 220’ S 17453’ W
Metia 17°87 < 1487 W
Midway (Hawaiian Island: 28°13'N 177°22’ W
Minamidaité Zima 26N 13T E
Mururoa 21°50'S 13847 W
NamukeIki (Tonga 20° 06’ < 170 46' W
Naurt 0°31' € 16€°55'E
Niau Atoll (Tuamotu Archiplago’ 16°09’ € 14€°20' W
Niue (Cook Islands) 02’ S 16951’ W
Ouvea / Uvea (Loyalty Archipelago) 280’ S 166 25’ E
Tenic 22°01" € 165°56' W
Tongatabu/Tongatapu (Tong 21°10' € 175°10' W
Vatu Vara (Fiji Islands) 125’ S 17934’ W
Vavau/Vava’'u (Tonga) 1810’ S 174 W
Yathala (Figi Island: 17°15' € 17€°33' W

(4.7) Dana (1872, p.353) mentioned the Feejea,rbet at present the name of these islands idlygiven as Fiji.
However, there is much more confusion surroundiggrtomenclature of Pacific atolls. For exanidiekatéais not
only the name of one specific atoll, it is at theng time a concept. For as Hoffmeister & Ladd (193568) explained:
The makateais supposed to represent an elevated barrier.te&imilarly Fairbridge (1950, p.385) stated: "Idaall
(1930) carried out field tests on theakateaor raised coral rim, of Atiu in the south Pacific Another example of the
confusion was given by Dana (1872), who proclaithednames of Metia and Aurora to be identical.

(4.8) On various other atolls no dolomite hag)(been found. These include for example Niue, Yiadangatabu,
Niau and Guam (Skeats, 1918 B); Pearl and Hermes$ (Rborp, 1936); Kapingamarangi (McKee, 1958); &and
Midway (Gross et al., 1969).

(4.9) "Examination of specimens from upraised kistands, such as Christmas Island, the Fiji's,, é¢d me to the
conclusion that the formation of dolomite can pextén quite shallow waters": Skeats (1905, p.133).

(4.10) At present such high rates of subsidentheo§ea level are not as "unlikely" as it mighteheeemed in the year
1918: Vatu Vara is a coral reef built on top ofdcanic core. After his discovery of some 160 "“ous, flat-topped
peaks ... in the Pacific Basin", Hess (1946) predithe following explanation: guyots are originalblcanic peaks with
flat tops caused by erosion. Some of the guyotsnaall, are overgrown by reefs and ultimatelyendeveloped into
atolls. Carsola & Dietz (1952) proved the guyotsdasist of extinct volcanoes.
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(4.11) According to Ohde & Kitano (1982) "beadtifirotodolomite” covers about three-quarters of iglend of
Minami-daito-jima (near Kita-daito-jima; some 370 lkeast of Okinawa). But no protodolomite was foimthe centre
of the west coast of the island. Ohde & Kitano @)98iggested, that possibly water circulation é(tbrmer) lagoon of
Minami-daito-jima had been responsible for thidgratin geographical distribution.

(4.12) "The high degree of correlation betweenmeamm content and gamma counts ... suggests eépasition of
radio-active elements in samples accompanied dosatidn": Schofield & Nelson (1978, p.42).

(4.13) In Lotze's (1957) textbook on salt depdsitssname Kara Bogaz Gol or Karabugas is usedather restricted
sense, in that it would denote the narrow chanoelig from the Caspian Sea, and streaming intgalieflat named
Adshi-darja. Here | will follow the Russian authongntioned, and apply the name Kara Bogaz Gol tio tftannel and
the large salt sea..

(4.14) Degrees Beaumé is a scale for density memsumts. For solutions heavier than watéBé corresponds with a
specific gravity of 1.000 , and 6B¢é equals a specific gravity of 1.842 . Theref@e81Bé is equivalent with a specific
gravity of 1.240 (see for example Weast, 1973).

(4.15) Murray & Irvine (1895) gave the followingmanation for the laminations between black mud ealcareous
layers: the chemistry of the water in the deepetspat the Black Sea would be balancing betweeninfigences of
either dissolved hydrogen sulfide or dissolved cartiioxide. In open seas the situation would becjpally different,
in that any hydrogen sulfide present would be @édiinto sulfate.

(4.16) In fact Le Play (1834) described the fiestustrine dolomite with the words: "... il semble qu'on reupse
refuser a admettre que I'ensemble du terrain dtibpmei de Badajoz est une altération de la formdtouostre..." (Le
Play, 1834, p.357). Only much later Klahn (1928 YaBd Gevers (1930) described finding lacustriderdite again.

(4.17) Writing on limestones (of Paleozoic agetaining dolomite, Fairbridge (1957, p.127) stat&tlorm tracks
and tubes (with coarser filling), algal impressiansl cavities, etc., have been dolomitized selelgti

(4.18) From their chemical analyses of 25 diffiergsamples from calcareous subsoils of the LatecdMisin drift (a

remnant of the Pleistocene Lake Agassiz) in Minteegdway & Zetterberg (1935) reached the conclusibat 32.8 to

78.6 wt. % of the total carbonate had to consigddadmite. Eardley (1938) had described a doubtbareate of the

composition CaCe2 MgCG; from the youngest sediments from Great Salt Lekah (and had called it "dolomite™).
"The dolomite crystals of the Great Salt Lake clssundoubtedly primary..": Eardley (1938, p.1353)

(4.19) In addition to the distinct fluctuatiomsphysical chemistry of the water of Florida Bay déme pore water of the
sediments, there are marked fluctuations in théexoqef South-eastern Florida. Measurements madegi@0 years on
the exact position of the salt-water front of thed&yne aquifer along the coast of the Miami dexhKohout (1960) to
confirm the hypothesis of Cooper Jr. (1959) ondyreamic balance of fresh water and salt water.ddbt "cyclic flow"
resulting from seasonal variations in fresh-wateharge, but even horizontal and vertical moverogtiite groundwater
under the influence of tides could be measured.

(4.20) "The soils of this area receive most oirtheecipitation during very short intervals of thear. Each year these
soils become very dry, often to the extent thay #f@w wide and deep cracks. During these peribdsooght the salts
are brought toward the surface by capillary risewater. In the process of drying, much of the caltisalt is
precipitated at lower levels, while the magnesiait) swing to its higher solubility, remains in gtbn": Sherman et al.
(1947, pp.42-43).

(4.21) In the fragments of the calcareous algakpPh(1907) found a distinct overall pattern afptacement: "In
Schliff 6 und 7 sind auch die organogenen Hartdebihier Giberwiegend Kalkalgen, zum grof3en Teil®datomit
Ubergefiihrt. Besonders bei 7 kann man die Dolaeriting der Kalkalgen oft an e i n e m Fragmerdlien Stadien
verfolgen. Zuerst fillt sich das Innere der Hohitngumit Dolomit, dann wird auch der Kalk der Wandemgn Dolomit
Ubergefiihrt; kalkige Streifen treten aber auch daseh an der Grenze von zwei konzentrisch-schaliggyen auf. Die
Dolomitisierung scheint von auflen nach innen fadhteiten, gewodhnlich findet man in der Mitte eines
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Kalkalgenfragmentes noch den stéarksten Kalkgelstlidie Dolomitisierung vollstandig, so verschwihdeeist auch
jede Spur von Struktur": Philippi (1907, p.421).

(4.22) Rex & Murray (1970) had found sepiolite dtbger with dolomite in the core samples from DSRB 29 (=
central Venezuelan Basin,%147.11' N / 69 19.36' W). Gieskes (1973, p.827) added the obsemwaWhenever this
authigenic magnesium silicate appears, the monitoroté component is high and the calcium carbofate"

(4.23) "Es sind auf Nauru mehrere Hohlen von groResdehnung bekannt, die teilweise einen kleinee Sus
brackischem, fast siiRem Wasser enthalten; wie Méasser der Lagune, &uR3ert sich auch hier Ebbe widnF
beschranktem MalRe. Die ganze Erscheinung méchtalsobin wohlverstanden den lokalen Verhaltnissegepalites
Karstphdanomen bezeichnen: GroRartige Hohlen mik-Kdbolomit- und Phosphat-Stalaktiten, Spalten, nBkel,

Klifte, Einstiirze von Felsen, WasserdurchdringungehWasseransammlungen, die durch die einwirkEhdesinen

Einschlag von Salzwasser erhalten": Elschner (1988).

V. ORGANIC OR INORGANIC ?

(5.1) "... mais en revenant en ltalie, je trougag les pierres de montagnes calcaires, qui sutic@deelles de
porphyre, entre Bolsano & Trente, avoient cette m@articularité, quoiqu'elles soient en bancs bateux & que j'y
rencontrasse quelques empreintes de coquillagesDdlbmieu (1791, p.5).

(5.2) "Die Versteinerungen kommen hier an den teeiStellen in solcher Menge vor, dal3 der Dolomaitals ein Kitt
zwischen denselben zu betrachten ist": Wagner (18355).

(5.3) "... so kann man dagegen die wassrige Entstedes Dolomits sogar auf directem Wege, alsfestbegriindete
THATSACHE erweisen": Wagner (1831, p.462).

(5.4) "This power depends mainly upon the amoéicadbon-dioxide dissolved in the water, or libethbn the decay
of the organisms composing the rock. Probablyrter¢hange of magnesian for calcium-salts is nezstily effected at
the moment of solution of the calcium-carbonatehef rock. If this be so, the carbon-dioxide slolitherated on the
decay of plants and animals would help to deterttieéntroduction of magnesium": Skeats (1905, $#-135).

(5.5) Earlier Graf Munster (1834) had interpretied whole of the German Jurassic dolomites as baileggigantic
coral reef. But Wagner (1836) could barely find @oyal in the same Jurassic dolomite. Wissmannl(l84scribed
finding fossil corals, crinoids and bivalves in tfessa dolomite of Northern Italy.

(5.6) "Am Aufstieg zum Schlern, wie an der Mensiall die Schichtenlagen oft so deutlich, da méadenselben wie
auf Treppen stufenweise emporsteigt": Von GUmb&r 81 p.73).

(5.7) "In the "reef-dolomite" fossil remains ardremely poor and scanty; plant algae are got enere often than
Corals, Gasteropods, or Bivalves": Ogilvie (1894) and: "Corals found abundant "coigns of vantage! were aided
by Echinodermata to form communities of organig, Ifften prevented from farther growth by new woicanvasions,
but ever and anon settling down afresh. The renwditigese form the "Cipit blocks" and "Cipit limeses", which were
first observed by Von Richthofen amid Cassian maristhe slopes below Schlern. Mojsisovics recoghigienilar

limestones appearing intermittently over the wrenlea eastward ... They, and not the mountains ldé@cdolomite,
deserve the name of "Coral Reefs" in South Ty@Uilvie (1894, p.7).

(5.8) It will be clear, that when discussing tlesgible relations between dolomite and coal, aeptian must be made
to the principle followed up to now in this boolatro discuss dolomite occurrences older than theté€pnary.

(5.9) "Von vornherein ist nur soviel sicher, dah sler Dolomit bezw. Sphéarosiderit aus wassrigisung gebildet hat,
und dal3 der Prozel in einer Zeit stattgefunden weeigstens begonnen hat, in der noch kein bedderteDruck
vorhanden war, da die Pflanzenteilchen bis in digesten Einzelheiten erhalten sind und keine $puar Druck
aufweisen™: Mentzel (1904, p.1170).
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(5.10) "Allerdings bilden ja die Wurzeln die Hannatsse des Torfs. Als unterirdische Pflanzenteienitht mit dem
Sauerstoff der Luft in Berlihrung kamen, ja vielisogar noch funktionsfahig waren als die dolstiten Losungen
eindrangen, sind sie meist prachtig erhalten”: Araidler (1955, pp.194-195).

(5.11) "Kohlensauren Kalk dagegen findet sich koitilensaurer Magnesia zuweilen in Harnsteinen nelneleren
Bestandtheilen": Von Gorup von Besanez (1871, ).444 early as 1807 Alemanni had analyzed 4 % Mg
(human) calculus.

(5.12) According to th&cience Citation Indethe first time anyone cited the paper by Mansf{@®RB0) was six years
later. On that occasion Machel & Mountjoy (1986)nti@ned it as providing evidence in support of plessible role of
organic compounds in catalyzing dolomite formati@brease-producing and/or uric acid-fermenting eadat in
carbonaceous sediments may promote dolomitizatiddélchel & Mountjoy, 1986, p.186; and "Other organic
compounds, or ions like Liand F&", are believed to catalyze dolomite formation.(e.dViansfield, 1980 ..)": Machel
& Mountjoy, 1986, p.187). In a veterinary journastidrne et al. (1986) cited Mansfield's (1980) padpesrder to
demonstrate, that calculi consisting of calciunboaate were not very seldom, but that dolomiteliesh found in the
form of uroliths on only one rare occasion. Afteporting on their finding of minute particles ofldimite, possibly of
biogenic origin, Reid & Andersen (1988) referredvtansfield's (1980) paper as the only known desoripf dolomite
in the form of bladder stones. ("The three bodiesdl in the cervical nodes in case 1 and the paitiche gallbladder
wall in case 4 indicate an endogenous biologicimriand there are two known examples of recurretdrdite bladder
stones in dogs ...": Reid & Andersen, 1988, p.534dgchel & Mountjoy (1990) used the observationsviainsfield
(1980) to support their view, that growth rates dofomite may be faster than usually thought. "E&xemple, a dog
grew dolomite uroliths up to 8 mm in diameter issléhan 8 months at T = 88 and P = 1 atm (Mansfield 1980)..."
(Machel & Mountjoy, 1990, p.1010). The paper by [BELO93, p.248) stated truthfully "... there iseport of a bladder
dolomite stone in a dog (Mansfield, 1980)". Nottke account by Gournay et al. (1999, p.243), bechese "the
canine" had died: "In a more unusual environmeaoiprditic kidney stones were found in the bladderaaleceased
canine (Mansfield, 1978)." In addition Mansfieldwle have suggested the participation of bactertaemucleation of
dolomite: "Early investigators have noted the pmeseof bacteria with dolomite ... and others hgvecslated on
mechanisms for the precipitation of dolomite incasation with bacteria (e.g. Mansfield, 1978, 197@ournay et al.,
1999, p.243). In the interpretation of Nielsenle{®097) the paper by Mansfield (1980) reportingdern dolomite as
kidney stones in a Dalmatian dog would prove, thabacteria only create physico-chemical condgifor dolomite
precipitation (... Mansfield, 1980 ...)" (Nielserreé, 1997, p.192).

(5.13) As Osborne et al. (1972, p.320) put it:Ureate uroliths have been associated with hargditait of dalmatian
dogs to excrete large quantities of uric acid ineir

(5.14) Ludwig & Theobald (1852, p.106) concludéd: wir sind aber der Ansicht, dal’3 die meistenttaarischen
Resten armen dichten Kalksteine und vielleicht aviele Dolomite unter Einwirkung ganz niederer Weaipflanzen
(Algen) entstanden seyen."

(5.15) But Murray & Irvine (1890, p.165) notedathi... when carbonate of ammonia is added to sdarwthe greater
proportion of the calcium in solution is after endi thrown down as carbonate of lime; whilst the meagim salts
remain in solution.”

(5.16) "... life, except perhaps in its lowestnfisy is entirely absent throughout the greater depthere there is an
abundant formation of sulphuretted hydrogen, amtheé deposits on the floor of the Black Sea, chehmirecipitations
of calcium carbonate and of sulphide of iron takee@": Murray (1900, p.678).

(5.17) The name given originally by Beijerinck @83 to the microorganism responsible for the preagssulfate
reduction wasSprillum desulfuricansbecause these bacteria resembled in more thawan¢heSpirillum tenueof
Cohn (1867). At the same time Beijerinck (1895)gasged a possible resemblance withBaeterium hydrosulfureum
ponticumfound by Zelinskij (1894) in mud from the BlackeS€The latter organism had the capacity to redutfate,
much like theVibrio hydrosulphureu$ound by Selinksy & Brussilowsky at the same l@ratas cited by Omeliansky,
1903.) The bacterium was namBdcillus desulfuricandy Saltet (1900), anticrospira desulfuricansdy Migula
(1900). Van Delden (1903) introduced a new speéibsiospora aestuarijiisolated from the black mud of the tidal
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flats of the Dutch Waddenzee. The new species waemly adapted to seawater, but also distinguistsedf from
Microspira desulfurican®y a much stronger capacity to reduce sulfateladdl(1920) and Elion (1924) have proposed
to rename the genus inkbrio in accordance with the nomenclature proposed eyCtbmmittee of the Society of
American Bacteriologists. In 1938 Starkey suggestectname the genus in8porovibrio(this genus name has been
used by for example Brisou, 1955 and Le Gall, 1988r experiments had shown the capacity of fiwater strains
of Desulfovibrio desulfuricant adept to sea water and vice versa, PostgatarpBell (1966) suggested to describe
those strains ob. desulfuricansfrom marine or brackish origin incapable of graogvin fresh water, as a sub-species
with the name obesulfovibrio desulfuricansubspaestuarii Finally the suggestion of Kluyver & Van Niel (183 to
describe the genus &esulfovibrio has been taken up by for example ZoBell (1946, @rcepted as such by the
Subcommittee on Sulfate-reducing Bacteria of therfrational Committee on Nomenclature of BacteHas(gate,
1967). [ sources: Buchanan & Gibbons, 1974, pp42Band Buchanan et al., 1966, p.527. ]

(5.18) Beijerinck (1895) had described "malt estttaas a good organic medium for these anaeroberiEcbut low
concentrations K-malate, asparagine, Na-lactatgréde or peptone would do as well. Van Delder®8)9ound the
following combinations of carbon and nitrogen connmis well suited: sodium lactate + asparagine usodictate +
ammonium chloride, sodium lactate + glycocol, sodimalate + asparagine, sodium tartarate + asparagiium
citrate + asparagine, potassium succinate + adparagpdium succinate + asparagine, sodium acetatgparagine,
glucose + asparagine, glucose + ammonium chlogidepse + peptone. Baars (1930) commented, thatDéaen's
(1903) observations were somewhat sketchy, beqawse cultures had not been used. For example aumedith
glucose + peptone would initiate growthRHcillus coli which would convert the glucose into lactic acicbe used in
turn by the sulfate reducing bacteria. The systieniavestigation by Baars (1930) qualified the daling hydrogen
donors as being well suited for culturing sulfatducing bacteria: ethyl alcohol, propyl alcoholtybalcohol, isobutyl
alcohol, glycol, a-propylene glycol, glycerine, 2,3-butylene glycekythrite, mannite, glucose, mannose, fructose,
formic acid, lactic acidp-oxybutyric acid, R-oxybutyric acid, mandelic aaillyceric acid, racemic acid, fumaric acid,
succinic acid, glutaric acid, malic acid, citriddy@-alanine, asparagine, asparaginic acid.

(5.19) "Der Bacteriengehalt des Schlammes ists stethr viel grosser als der gleicher dartber valdvaer
Wassermassen ...": Russell (1892, p.203).

(5.20) More recently Puri & Collier (1967) cantethe same conclusion regarding the role of actjmetes in the
precipitation of calcium carbonate.

(5.21) After describing how he had found a cadterprecipitate (consisting of a carbonate withbmatlcium and
magnesium) in a sample of black mud after 3% ystsding under anaerobic conditions, and findirggpraparable
mixed carbonate after 1%z years on top of a peponehed mud sample from the Weissowo Lake, Nad$688,
p.164) remarked: "Schenkt man gebihrende Aufmetksiirder Zusammensetzung dieser Ablagerungen umd ih
Entstehung in Reinkulturen des Faulnisbakteritmgeus vulgarisso konnten tberhaupt diese Erscheinungen bei der
Losung des Problems des Kreislaufs des MagnesiuMeéren eine wesentliche Rolle spielen.”

(5.22) "... mais ceux-Ci peuvent étre mis dansldsse des pierres puantes, car ils exhalent ueer dbs-fétide,
lorsqu'ils sont frottés ou fracturés; cette mémeuodppartient aux marbres statuaires grecs...'D&lemieu (1791,

p.7).

(5.23) "Welche chemischen Vorgange die Ausscheidiam Dolomit und Kalk auf der Seine-Bank hervdete laft
sich mit Sicherheit noch nicht angeben. Als setragheinlich ist aber wohl anzunehmen, dal3 Proddigebei der
Zersetzung von organischer Substanz entstandea, @absehr wesentlicher Bedeutung sind": Phil{@gi07, p.425).

(5.24) "Die rezenten oder subrezenten Dolomiteerréur in sehr organismenreichen Meeren auf": Liii©09 B,
p.230).

(5.25) "The sediment is visibly concentrated oaezas of heavy plant growth, suggesting not ordy tarbonate
minerals are in actual precipitation from the lakaters but that there is a direct link between tplda and
precipitation"; Skinner (1963, p.451).
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VI. MAGNESITE & HUNTITE

(6.1) The chemical term magnesium hydroxide carwonell be used here instead of the mineralogicaine
“hydromagnesite”. In my view the hydrated carbosaityCQ,.3 H,O or MgCQ.5 H,O are more likely candidates for
the description “hydromagnesite”.

(6.2) "Bei den tensimetrischen Untersuchungersichtjedoch einwandfrei gezeigt, dal? ... diesesdizes Carbonat in
der CQ-Atmosphére dann allmahlich in den Magnesit Ubefg&ioss (1938, p.7).

(6.3) Horn (1969, p.455) claimed: "... daf3 sich(®ld), in Gegenwart von feuchter Luft in MgG@mwandelt. Diese
Aussage wird durch die Praxis bestétigt." What tixéltese confirmations were, was not elucidatedibyn.

(6.4) "Die Bildung von Magnesit ist infolge der €Pmpfindlichkeit der aktiven Erdalkalihydroxide dbr die
stufenweise Umkristallisation der angereicherteagsgrhaltigen Magnesiumverbindungen gegeben:

Mg(OH), - MgC0,.3 H,O - MgCQO; .

Dieser Vorgang ist sehr langsam, geht jedoch Isebeit sehr geringen GPartialdrucken im wassrigen Milieu ohne
hohe Temperaturen vor sich...": Lesko (1972, p.65).

(6.5) "Wenn die Atmosphérilien oder kohlensauridmalWasser auf Magnesiumsilikate einwirken, bilsieh nicht
zunachst das stabile wasserfreie Karbonat, sondertastabile wasserhaltige Karbonate, wie LansforditBei
Versuchen durch Verdunsten von Magnesiumbikarbdsatigen erhalt man MgG@ H,O, diese gehen dann in
stabiles wasserfreies Karbonat Uiber; letzteresrbeitanan auch bei Temperatursteigerung": Doelted§1p.213).

(6.6) "Keine der beiden Verbindungen, die alledban der Natur vorkommen, ist bestandig. Am uribetigsten die
an Wasser reichste Verbindung, der Lansfordityveenéltnisméssig rasch in Nesquehonit ibergehtleBigihren durch
Abgabe des Wassers zur Bildung von Magnesit": Ledgm(1909, p.118).

(6.7) "Infolge der grossen Instabilitat konnte dimkristallisierung des MagnesiumcarbonattrinydratMagnesit an
keiner Stelle ausbleiben™: Rosza (1926, p.227).

(6.8) "Das N e r n st sche Prinzip besagt: Wedienkonzentrierte Losung eines Salzes auf ein §eStdz mit
gemeinschaftlichem lon (in unserem Falle die Kobéeme) einwirkt, das leichter I6slich ist, als dasmalen in Lésung
befindliche Salz, so wird sich das schwerer 16gli@alz ausscheiden und leichter l6sliches Salzekisigwerden.
Dieses Gesetz hat Glltigkeit, wenn zwischen derlidhd®iten der beiden Salze keinen allzugrosserfietgifizen
bestehen": Leitmeier (1916 B, p.161).

(6.9) "Es ist eine bekannte Thatsache, dass dMhafgnesite, die selbst manchmal noch viel Kieselemthalten,
haufig in Serpentinen vorkommen; in letzteren saher die Hauptbestandtheile von Opal und Magnesitatéen;
konnten daher nicht Kohlenséure haltende Wasseatigetzung des Serpentins bewirkt und eine TrendenKiesel-
und Talkerde herbeigefihrt haben? Aus ersterer evidahn Opal hervorgegangen seyn, wahrend letzigenst
Kohlensaure zu Magnesit verbunden hétte": Blum31841.28).

(6.10) "Wird eine wassrige Auflésung von Bidts alz lange und anhaltend in der Siedehitzéein zerpulvertem
Kalkspath behandelt, so erfolgt eine $ange und schwache wechselseitige Zersetzung bBégabindungen,
wobei Gips und kohlensaure Bittererde, aber keipar Yon Dolomit, gebildet werden": Karsten (1848547,
FOOTNOTE). In order to check this claim, | havel&®i2.5 gr calcium carbonate (p.A., MERCK art.n@6&) during
30 days in a solution of 0.5 Mol = 121 gr MgSDH,O (p.A., MERCK art.no. 5886). But what formed in my
experiment was the mineral giorgiosite.

(6.11) Waeser (1923/1926) used "MgCah the equation cited here, but only a few sergsnlater in his patent
application he mentioned "MgGQ@r basic magnesium carbonate".
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(6.12) Berzelius (1820 B) used the word "carbomlgtenagnésie” without describing it in chemical bgia such as
MgCQ;, MgCQ0:.3 H,O or Mg(OH).4 MgCQ,.4 HO. In this way confusion has been created, thdthainper any
serious research. The objectionable practice isumiered especially in the patent literature, busdme scientific
papers it is found as well. Such a mere semantiblgm should be avoided. At the same time it mastealized, that
for example Brongniart (1822) described a watetaioing variety of magnesite ("Ainsi une espécereoffa
combinaison de la magnésie et de l'eau, elle estmd@magnésie hydratéeBrongniart, 1822, p.293). What is now
generally known as magnesite, was described by dBiart (1822) asmagnésie effervescent€composée
essentiellement de magnésie et d'acide carbonique™)

(6.13) Because Steidtmann (1911 A) did not inclad reference to a paper by Sorby on this meBerb’'s name is
not included in the footnote references of the papers by Steidtmann, 1911 A,B), an attempt hdmbtmade to trace
any work of Sorby on magnesite. As a first steptitfes of the 131 different papers written by H. $rby between
1845 and 1899 [as listed in the CATALOGUE OF SCIHNT PAPERS compiled and published by the Royale&ipc
of London, Vols. V (1871), VIII (1879), XI (1896and XVIII (1923) ] were scanned for the word magpeedNo such
title exists. The only title of possible interesufd, was "On the magnesian limestone having beenefl by the
alteration of an ordinary calcareous deposit" (Bssoc.Rept. 1856, pt.2, p.77). After locating REEPORT OF THE
MEETING OF THE BRITISH ASSOCIATION FOR THE ADVANCEENT OF SCIENCE FOR THE YEAR 1856
(as its official title reads), and finding on pagéthe note by Sorby, it was seen to contain mes@tye speculations on
the possible origin of dolomite crystals within @rfian limestone. Not a word about the formatiomefinesite there.
But ultimately a second mentioning of the work Iyt was found. Skeats (1905, p.136) stated: "Drbysfound that
magnesite and not dolomite, was formed by the matib magnesium-sulfate upon calcium-carbonate utdlgin
pressure.” When looking through the paper by SK@&35) the reference to the publication by Soroynot be found
either, but on page 136 Skeats (1905) made refettera paper by Klement (1895). Perhaps a refetteribe work of
Sorby could be found there. In Klement's papereefee is made to a paper by Sorby (1879), whichpriaged in the
Quarterly Journal of the Geological Society of LondVol.35, pp.60-.. And indeed on pp.39-95 of Breceedinggo
Vol.35 of that journal "The Anniversary Addresstbé President" is printed, in which Sorby (187%,3).made the
following remark: "The statements made by previeMperimenters led me to expect that on keepingréopoof
Iceland spar for some time at a high temperatura solution of chloride of magnesium, | should hatained a
pseudomorph oflolomite but to my surprise | found that the external tfosmed by replacement consisted almost
entirely of carbonate of magnesia.”

(6.14) My attempts to duplicate experiment 16Kafakov et al. (1959) failed. This had much to dit \mstrumental
difficulties, which made it impossible for me athime to attain the required amount of 490 md/dof dissolved
carbon dioxide. The amounts of carbon dioxide dissbin 1 dni of distilled water at room temperature measured by
me, were in the order of 20 to 80 mgfdThereby using the same technique as Kazakdy, 5939, i.e., the method of
Fresenius, 1875.) According to Johnston (1916) mmtequilibrium with the air contains 44 mg/di@0, dissolved in it

(at 298 K). But Kendall (1916) measured as much48¥ mg/dm of carbon dioxide gas dissolved in water at pEQ

bar (at a temperature of 298 K).

(6.15) The meaning opferre cornéenne ou cacholohgnentioned by Giobert (1804), was explained fareple by
Brochant (1801-1802): "Leacholongest une calcédonie d'un blanc de lait": Vol.17f.But Brochant's description of
"pierre cornéenreis not unequivocal, because on p.286 of Vol.lodBaent gave its meaning as "Silex schistosus
Lydius = Lidischer Stein = Probierstein”, and 0428 of Vol.1 as "Hornblende Schiefer = corneuslii$sas defined

by Wallerius (1772).

(6.16) Concerningrhermaterites magnesius, Br. kiirzer Magnesit (R&iakkerde, W. Magnésie carbonatée, Hy.
Magnesite, J.Breithaupt (1841, p.324) remarked: "Besteht wedndus kohlens. Magnesia .. VK. Scheint ein neuere
Gebilde zu seyn und fast nur im Serpentin vorzukemnZu Baumgarten in Schlesien, Hrubschitz in Mi&ham der
Gulsen in Steiermark..".

(6.17) Redlich (1909 A, p.302) spoke of "... Istelveise frisch entstandenen Magnesite". It has peinted out by

Redlich & Grof3pietsch (1913), that on various omras Rumpf (1873 B, 1874, 1876) had suggested imeathry
mode of formation for certain Austrian depositsrafgnesite.
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(6.18) The etymological curiosity "Montmilch" casts of a combination of the French word for moim{anont) and
the German word for milk (Milch): "Nach der Wortlmdung versteht man indess unter Mondmilch, Bedmigin
weisses, im erdigen Zustande befindliches Fossiliches mit Wasser gemengt als milchartige FlUsgigkas
Bergkltften hervorquillt, und dann austrocknet" (Mdolger, 1837 B, p.415). Even though Von Holg&3(@ B) wrote
"Mond-" instead of "Mont-", from the addition ofehGerman translatioBergmilchit becomes clear, that the word
"Montmilch" should not be translated by "moonmillkn additional argument against this practice heenbgiven by
Leube (1839), who wrot&ontmilchwith a T and explained, hoMondmilchwritten with a D was a concept from
veterinary science ("In der Thierartzneikunde findeese neuere Bildung, welche falslich Mondmild¢ac (lunae)
genannt wird, haufige Verwendung": Leube, 1839,9p.FEmmerling'sLehrbuch der Mineralogie(1793) lists
Mondmilch as one of the various synonyms f&rgmilch (other names for the same substance were for éeamp
Bergmehl, Mehlkreide, Mehliger Kalk, Calcareus ifactis Wern., Stenomarga Agricol., and Terra cddcgura
pulverulenta alba Born.). According to Heller (19&& misunderstanding concerning the word "modginaifiginated

in 1555, when Gessner in lescriptio Montis Fracti sive Montis Pilatiescribed aubstantia alba & spumodeom a
cave known as "Manloch" (which means man hole,rextanoon hole) with the wordgd'est lac Lunae".

(6.19) "Bekanntlich hat man bisher den MagnesiRhmorphisch angetroffen, und nur in den Bittetspaist die
kohlensaure Talkerde in Verbindung mit kohlensaut€atke krystallinisch gefunden worden": Stromeyé&BZ7,
p.217). Bischof (1847, p.782) repeated Stromeysyservation: "Es ist characteristisch, dal} der éfsésirehaltige
Magnesit nicht krystallisirt vorkommt...".

(6.20) "Doch sind alle Magnesiahydrocarbonate trasbnig bestandig und wandeln sich durch allméahlich
Wasserabgabe teils in Carbonate von niederigererss®igehalte, teils in das wasserfreie amorphe Garham.
Darauf beruht wohl vor allem ihre gro3e Seltenhéiitmeier & D'Achiardi (1912, p.261).

(6.21) Hunt (1866) recalled, how Sainte-Claire idey1851) had drawn a parallel between dolomiid aitelite, and
had even called the latter "soda-dolomite".

(6.22) Beckurts (1881 A) pointed out, that in ¢themical industry a different process for the mactufre of magnesia
alba had been adopted, capable of producing magaksi of a much higher purity. The process paielyePattison
(1841/1842) (see also the account of Stevensoh, t8%3), is based on the marked difference insthlebility of
magnesium bicarbonate and that of calcium bicartieofiée procedure starts out with pieces of dolmihich have to
be roasted and powdered. After mixing with watarpbon dioxide under a pressure of 5 to 6 bar isdioiced into the
reaction vessel. Part of the magnesium will beotiiesl from the dolomite, but not all. As long asidonagnesium
carbonate remains, only pure magnesium bicarbawlitbe formed without a trace of calcium bicarbtmarhe pure
magnesium bicarbonate solution thus obtained, eseparated from the remaining solids by way tefrfilg. Magnesia
alba precipitates when boiling the magnesium bimaake solution. Filtering and drying leads to thelfresult.

(6.23) "Quant au hydrocarbonates de compositicialle, appelémagnesia alba.... les études précédentes semblent
indiques que ce sont de simples mélanges danseledguquantité d'hydrate varie avec la diluti@nptoportion des
réactifs et la température de la réaction": Jqldv3, pp.271-272).

(6.24) Brill (1905 B) had not used magnesite fraature in his experiments, but instead Mg@d4,0 heated so long
in a carbon dioxide atmosphere at 498 K, that &raleand anhydrous form of magnesium carbonatefdracked (... ein
neutrales, wasserfreies MggOBrill, 1905 B, p.283).

(6.25) Trolle Wachtmeister (1828) explained, thaample from the magnesite deposits at HobokeA)UW&d been
sent to him, not only containing magnesite, bub alsvhite powder looking much likmagnesia albd"... ein weil3es
pulverférmiges Mineral..., welches nur sparsam eomnt und fir Talkerdehydrat angesehen wurde": &voll
Wachtmeister, 1828, p.521). Subsequent chemichisazashowed this powder to be identical withgnesia alba

(6.26) "Kein Anzeichen fand sich in dieser Versrelhe, noch in den friiheren, fir basische Carkoaatlerer
Zusammensetzung, etwa (MgO : £€) 4 : 3 oder 3 : 2, wie sie doch von der Literatnstlich behandelt werden. Mit
der Existenz eines Salzes 4 : 3 war am ehesteechnen, da es angeblich als Mineral Hydromagnesiowmmt und
von mehreren Forschern ja noch in den letzten datufgefiihrt worden ist": Menzel & Brickner (198074).
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VII. LABORATORY SYNTHESES

(7.1) Although duplication is of crucial importandt is not often used in present-day geology. @ag wonder about
the reasons. Perhaps there is truth in the obsmmvatade by Broad & Wade (1985, p.215), thatHeré is no credit to
be gained from replicating someone else's expetitnen

(7.2) "Die beschriebenen Versuche zeigen, daf3 Batemitbildung bei gewohnlicher Temperatur nictdtiindet,
wenn diejenigen Calcium- und Magnesiumverbindung&iche man als Bestandtheile des SeewasserspdenB der
Quell- und Flusswasser kennt, aufeinander einwirkénoder ohne Entweichen der freien und der imaBionate
locker gebundenen Kohlensaure": Hoppe-Seyler (418582).

(7.3) 1,4-Dioxane (tetrahydro-1,4-dioxine, or tiidene dioxide), GHgO. , is a colorless, inflammable, somewnhat oily
liquid with a flame-point at room temperature (286 On a commercial scale it is being producedesih®30 by the
reaction between glycols such as di-ethylene glgodl an acid such as sulphuric acid at a temperafuabout 433 K
(I.G. Farbenindustrie, 1931/1933). Dioxane andi@gvatives are typical man-made synthetics anc mt yet been
reported in significant amounts from plants or aig{Stumpf, 1956).

(7.4) "Tatséchlich gelang es mir, in dem Bodensi&tz Losung, bei Anwendung der Lembergschen Regktas
Vorhandensein von Dolomit, das sich auf optischemg&/nicht konstatieren lasst, nachzuweisen": C¢i907,
p.597).

(7.5) "Bei kleinen Gehalten an Magnesiumchloridr wiie Ausscheidungsgeschwindigkeit nicht veranderBei
allméahlich gesteigertem Zusatz wurden die Formennigéaltiger... Die Krystalle hafteten zum Teilm iGegensatz zu
sonst - fest am Glase und I6sten sich auffallendsam in verdinnter Salzsdure, so daf? mdglichervwaomit
anwesend war": Kohlschiitter & Egg (1925, p.477).

(7.6) "Loste man das Karbonat mit Salzsaure wedlieb der grésste Teil des dunkeln Saumes zuBkstarkeren
Vergrosserungen war zu erkennen, dass der zurloMgeie Rest zum grossten Teil Ansammlungen lelvende
Bakterien war": Neher & Rohrer (1958, p.214).

(7.7) "Aus frischen Bohrkernen isolierte Bakterigermochten bei anschliessenden Modellversuchereim
anorganischem, stickstofffreiem Substrat die Bigglwon Dolomitkristallen einzuleiten. Das Substrairaée durch
Auflédsen eines Bohrkernstiickes hergestellt, wobei Lddbsungsmittel durch Fallungen und lonenaustawsiguer
ausgeschieden wurden. Nicht geimpfte, sowie mitleste Dolomit versehene Kontrollschalen zeigtemkehnzeichen
einer derartigen Kristallisation. Es darf daher atwiesen betrachtet werden, dass die in dem grarGneis
auftretenden Dolomitkristalle unter der Mitwirkudgr dort in einer Tiefe von rund 160 m lebend géénen Bakterien
gebildet worden sind": Neher & Rohrer (1958, pp-215).

(7.8) "Bei der anaeroben Kultur in einem flissiggubstrat, das durch Auflésung eines Bohrkernstickan
Biotitgneis erhalten wurde, konnte die Bildung \Bolomitkristallen festgestellt werden" and "Mit Bakien konnten

auf diese Weise Kristalle geziichtet werden von malkr 1 mm Grosse, die dann réntgenographisch durch
Einkristallaufnahmen nach Prazessionsmethode vamgBu als reiner Dolomit identifiziert wurden": Neh& Rohrer
(1959, p.624).

(7.9) Non-accessible to me, that is. Copies &f tiiok, and most other Russian publications, wetavailable in the
scientific libraries of The Netherlands. Of couitsmight have been possible to write to Russiaralies, but reading
and writing in the Cyrillic alphabet is beyond niyildies.

(7.10) Concerning earlier experimental work by &igski (1967) Carpenter (1980, p.114) made theviatig remark:
"Usdowski (1967) has presented a temperature-deperabnstant, expressed as calcium-magnesium cogtiem
ratios, for calcite-dolomite equilibrium in dilugad in NaCl-saturated solutions for the temperatamge 50 - 180C [=

323 to 453 K]. However, the experimental work orichithis equation is based is insufficiently docated to permit
other investigators to attempt repeating the erpants or to assess the validity of the work."
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(7.11) "Eine Solution von kohlensauer Kalkerdekivhlensédurehaltigem Wasser und eine solche Solwtion
kohlensaurer Magnesia mischte ich in verschieddfeehéltnisse mit einander und Uberliess alle didsehungen der
Verdunstung bei gewdhnlicher Temperatur": Sche@&s6, p.11).

(7.12) Although Scheerer (1866) did not mentigrh& might have been inspired by the observatiatighed by
Moitessier (1863) on the low-temperature formatidrdolomite crystals in a bottle with bicarbonatatev from the
source at Lamalou (located north of Narbonne, énstbuth-western part of the Languedoc, France) stheding for 6

to 7 months. The short note contained inEx&aits des Proces-Verbawt theMémoires de I'Académie des Sciences
et Lettres de Montpellier, Section des Scier{ves.5, 1861-1863, p.446) reads: "A la suite dravail sur les eaux
bicarbonatées du Vallon de Lamalou, M. Moitessigitaconservé, dans plusieurs bouteilles bouctees,eaux de
diverses sources. L'une d'elles, examinée apréd sept mois, renfermait des cristaux assez vokuritéposés au
fond du vase. Ces cristaux sont transparents etoids; bien d'acolés les uns aux autres, ilseaisaettement
apercevoir des faces de rhomboédres qui atteigiamstquelques-uns 2 a 3 millimetres de coté. lysaahimique leur
assigne la formule de la dolomie MgOBCaOCG .

Expérience Calcul
MgO 21.58 22.16
CaO 30.41 30.27

Cette substance, dont le poids était de 1 gr,'&aitsproduite dans trois litres d'eau de la geasource de Lamalou
I'Ancien; d'autres bouteilles receulillies a la mé&peque et placées dans les conditions en appadamtigjue, n'ont pas
donné lieu au méme phénoméne. M. Moitessier attrilauformation de ces cristaux au dégagementdrésie |'acide
carbonique a travers quelques fissures du bouttamalyse a démontré, en effet, qu'une portionidérable de ce gaz
avait disparu dans le liquide ou s'était déposéellamie, tandis que I'eau contenue dans les atdeses n'avait éprouvé
aucune altération."

(7.13) "Die Losungen der Dolomite verhalten siéimtich beim Verdunsten, wie nachstehende Versuehieet,
wesentlich anders als man erwarten sollte. Siealterhsich einfach wie Gemenge der beiden Carbamatesetzen zu
keiner Periode ihrer Verdunstung Bitterspath alwin\Gorup-Besanez (1872, p.239).

(7.14) "Meine Versuche mit Mischungen wassrigersurigen welche Calcium- und Magnesiumbicarbonat im
Aequivalentverhaltniss erhielten, stehen mit demsMehen von Gorup-Besanez in vollster Uebereinstingrund ich
habe mich Uberhaupt durch eine Reihe von Versuctegan Einzelheiten hier anzufiihren nutzlos wérerdeugt, dass
weder Ldsungen, welche beide Bicarbonate in irgemdchem Verhéltniss enthalten, noch Lésungen, welch
Magnesiumbicarbonat enthalten und im geschlosseumm offenen Gefald mehrere Monate in BertUhrung mit
Uberschissigem Calciumcarbonat stehen, auch nverspon Dolomit geben": Hoppe-Seyler (1875, p.500).

(7.15) The calcium carbonate used in my experisnemas, in this case as well as in all other exparts(unless stated
otherwise), "Calciumcarbonat gefallt reinst, Ar620Oab.9 , Ph.Belg. V, Port.lV , 2 Ed.)" of the REK Company
(Darmstadt, Germany). The producer gave its cortipnsas at minimum 99 % CaG@nd at maximum 0,3 % water
soluble components. Analysis was given as:

ChIOMIAE ..o e 0.03 %
10 [ o] 0 F= L= USSP 0.02
01010 7S] 0] - L= S 0.02
heavy metals (S PD) ......cccoe i 0.001
1] o TSP R PSRRI 0.002
ZINC ettt e e bbbt e s nnmne e 0.02
magnesium

barium, strontium (aS Ba) .........uveeeiiieeeeeee et .0
AFSENIC 1.ttt ettt nr e she e e e s 0.0005
loss upon desiccation at 378 K........vvvvveeerieresiee e ereee e 1
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(7.16) The magnesium compound used in all inseanEs magnesium hydroxide carbonate (MERCK arb828).
Because this compound is somewhat ill definedMBEQO; content of the particular lot used, had to be ek The
titration (see p.45 in:Komplexometrische Bestimmungsmethoden mit Tittipaklished by the MERCK Company)
showed, that out of a random sample of 50 mg magnebydroxide carbonate 36 mg consisted of magnesiu
carbonate. In other words 72 % of this magnesiumpound consisted of MgGQO Gasometric determination,
performed with the Karbonatbombé described by Miller & Gastner(1971), showed, that% of this magnesium
hydroxide carbonate consisted of MggO

The chemical analysis of article number 582agnesiumhydroxidcarbonat zur Analyse™) of the MERCo. as
given by its manufacturer, is as follows:

PErCEeNtage (M) ... ueeieueeeiiueeeertieesemmmnreeeseeeesnreesesteeesseeeenseneennsesans min. 24 %
water soluble COMPONENLES .......oeiveiiie e maX5
in HCI insoluble COMPONENLS .........coiiiieieeeeiiie e 0.01
ChIOMIAE ... e e 0.005
SUIFALE ...ttt et 0.003
(0] 7= I 111 Yo = o [PPSR 0.001
heavy metals (S PD) .......ccoe i 0.001
(00] o] 0= SR PSR OTPTPRRE 0.0005
o] o IR PP UURNRPR 0.001
ZINC ettt ettt e e et e e s nnmnr e e 0.001
CAICTUM .ttt 0.01
barium, Strontium (aS Ba) .........vvveeiiieereeie et 010
£S{0 0 |11 ] 0 DO PPV PP RP P PRUPRRPNIN 0.1

10 2= 5T 11 o S 0.002

(7.17) The ammonium sulfid&¢hwefelammq@rused by Pfaff (1894), once was a widely usedrktiooy ingredient, as
for example Ostwald (1919) has documented. The oang forms, when bubbling B gas through an ammonia
solution. With an excess of,8 predominantly NFHS will be formed; after adding an equal amountimonia,
mainly (NH,),S will be present in the solution. Solutions of asniim sulfide, open to the air will obtain ratheiakly
a yellow color, which is due to sulfur precipitatibecause of hydrolytic formation ob$ followed by the oxidation of
H,S to sulfur by oxygen from the air. Ammonium suéfisblutions were used in quantitative analysisgnoparticular
in the precipitation of metal ions. In additiomis used in organic chemistry, because it hadiaadiseducing power.

Pfaff (1894) explained his choice for the o$éydrogen sulfide and ammonium sulfide, by poigtout, that HS
invariably had been found in chemical analyses eaf water and that these two compounds originatesh tipe
decomposition of protein-containing organic materfsuch decomposition processes were known to teathe
reduction of the calcium sulfate and the magnesiulfate present in seawater. Ammonia would alsedbdree in the
process of decay. At the same time large quantifiearbon dioxide would be freed, and this,@@uld associate itself
with calcium and magnesium to give mixed Mg/Ca oagtes.

It is perhaps not too far fetched to supptisat, Pfaff (1894) had found his inspiration for g@mewhat unusual
choice of HS in one of the reactions of the Le Blanc sodagsecThe Chance-Claus reaction is used in thaégsdo
recover CaCgfrom the so-called tank waste, according to

CaS + CQ + HO - CaCQ + HS;
a reaction, that takes place in two steps:
Cas + K5 - Ca(HS)
Ca(HS) + CQ + HO - CaCQ + 2HS .
Perhaps Pfaff speculated, that a comparable reastiald take place, when using magnesium insteadlofum:

Mg(HS), + CQ + HO — MgCO; + 2 HS
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It must be realized, that the Le Blanc soda probassbeen in use for a considerable time prior8@41 when Pfaff
made his claim. The process for the industrial petidn of sodium carbonate had been patented ldec in 1791
(see also the historical survey published in H&4,2).

(7.18) Murray & Irvine (1895) performed much ttzeree experiment as that described by Pfaff (18#)pérhaps due
to the excess carbon dioxide the initially formetfides dissolved into a bicarbonate solution: "Hygllphuric acid
was passed into water holding carbonates of calaihmagnesium in suspension, and resulted in@wsh solution

of the sulphides of calcium and magnesium, carbaaid being expelled. The sulphides in turn wereodgosed by
excess of carbonic acid, with the evolution of legtitphuric acid, bicarbonates being formed, theti@a apparently
depending on which acid is in excess": Murray &rlev(1895, p.497).

(7.19) "Da etwas mehr Material genommen worden warde davon eine qualitative Analyse ausgefiitiet,neben
einer betrachtlichen Menge Magnesia etwas Kalkigrdzfaff (1894, p.490).

(7.20) "Es geht aus diesem Versuch hervor, dalEntstehung des Magnesits und Dolomits die Mitwickeiner
wasserentziehende Substanz, wie das Kochsalz, estistvendig ist, vorausgesetzt, dafl} bei gewdtetidemperatur
gearbeitet wird": Pfaff (1894, p.496).

(7.21) The successful synthesis was describedfd{ 903, p.659) as follows: "Lasst man nun Koisigure durch
Erhitzen auf langere Zeit in Wasser einwirken ubeérliisst die Losung bei Gegenwart von Mg3®4,0 , MgCh ,
CaC} und NaCl erhaltenen Ca%$@er langsamen Verdunstung bei 20 2 @) [= 293 to 298 K], so findet sich nach
oftmaliger Widerhohlung ein in Wasser und verdin@ielorwasserstoffsaure in der Kalte unldslichecltand.”

(7.22) Like in so many other instances in the oliierature it is not clear, whether the perceatagiven are weight per
cent or mol per cent. Unless stated otherwiseilliberassumed, that in these cases weight pegesntaere meant.

(7.23) "Sehr eingehend hat sich mit der Dolomitsgse auch F.W. Pfaff beschéftigt; allein seineetsnichungen, so
interessant sie an und fir sich sind, entferneh dmch allzusehr von der Basis die die Nachahmuwtgrlicher
Verhaltnisse verlangt...": Leitmeier (1915, p.535).

(7.24) "Man loést 1 Molekdl (2,4 gr) Mgeund 1 Molekil MgS@in 50 ccm Wasser und vermischt diese Lésung mit
einer anderen, welche 1¥2 Molekille Ammoniumsesdoiceat in ca. 150 ccm Wasser enthalt. Die Mischueitptklar.
Hierauf setzt man eine Lésung von 1 Molekil Ga@lca. 100 ccm Wasser zu und schittelt um™: Li(k®09 B,
p.235).

(7.25) "Daraus geht zunachst hervor, dass einedastes Mischsalz von Calcium- und Magnesiumcaabemnistiert,
das aber nicht mit dem Dolomit zu identifizieret) féir dessen Bildung jedoch im Meere alle Bedirggumgegeben
sind": Linck (1909 B, p.237).

(7.26) "... paralischen Mooren, die also von ZaiZeit vom Meerwasser Uberflutet werden...": Li{t837, p.280).

(7.27) 1t was Geh. Hofrat Prof.o. Dr. Dr.h.c. GaitLinck, in 1909, who exclaimed (perhaps somevgnamaturely):
"Ich glaube mit gutem Gewissen behaupten zu kdndas:Problem der Dolomitbildung ist prinzipiell @& " (Z.
Deut. geol. Gesellschaft, Bd.61, p.240).

(7.28) "Es ist moglich, da’ sich hier Dolomit deéi hat": Leitmeier (1910 A, p.56) and "Das Vorkoen von
Dolomit konnte schon in weit reichlicherer Mengen&tatiert werden, auch waren hier die fur den Didl@m sehr
charakteristischen Hahnenkammformen entwickeltcbulie Lemberg'sche Reaktion lassen sie sich dewttn den
Calcit- und Aragonitbildungen trennen": Leitmei@®10 A, p.57).

(7.29) "Dolomit hatte sich auch in ganz kleinemda Partien ausgeschieden. Auch wurden einige §ginen

Nadelchen gefunden, die deutlich schief ausléschtehdem Aussehen nach Gipsnadelchen gewesen isientt
Leitmeier (1910 A, p.58).

J. C. Deelman (2011): Low-temperature formatiodabmite and magnesite



Notes 353

(7.30) "Dolomit bildet sich bei Einwirkung von nitich reichlichen Mengen von dissoziierten Magnesialzen auf
Calcit, so wie man es fiir die Dolomitbildung in ddatur z.T. annehmen kann. Diese Bildung geht dilicii vor sich
und braucht ziemliche Zeit": Leitmeier (1910 A, 2.6

(7.31) In this case | have used a different qualftgalcium carbonate: it was "Calciumcarbonat ijefér Analyse",
MERCK article number 2066. According to the mantifeer it contained at least 99 % Caf@s measured in
titration), and less than 0.005 % substances ibkolin HCI. The following maximum percentages afsgible
contamination’s were given by the manufacturer:

(ol ][0 o = SR 0.005 %
ES] U (= SRR 0.01
L0 =1 011 {00 =1 o SRR 0.001
0T 11 o 1 SO RP 0.005
ST Vo SR 0.0005
1 ) o SR 0.001
010] 7= LSS 110 PSPPSR 0.01
(o0] o] o= S PP PPR 0.0005
L aF= T 1= ][ o PR 0.05
LS00 110 1 USSP 0.2

LS (0] (1 o OSSR 0.1.

(7.32) Ricour (1960) stated, that the carbonatmédd in Lalou's experiment could not have beenmdiéo Ricour
mentioned as evidence, that Messrs. Lévy, Nicotab Rierrot, who had X-rayed Lalou's samples atBHe.G.M.
(Bureau des Recherches Géologiques et Minéralag@rléans, France), had not detected any supetst lines in
the diffractograms. As a consequence the carborfatesed in Lalou's (1957) experiment could only dgween
magnesium calcite, as Ricour (1960) argued.

(7.33) This carbonate sand had been collectedeyyummile scuba diving at a depth of about 10 nhéNlediterranean
Sea near Bandol (W. of Toulon, France). Microscegiamination showed grains 1 to 2 mm in diametansisting of
fragments of gastropods, lamellibranchiata, spares plates of echinoids, and fragments of calcaredgae. X-Ray
diffraction showed this sediment to be composedatdite, some magnesium calcite (with its mainrddfion peak at
30.0 nm), aragonite, alpha-quartz, montmorilloi#0 nm) and halloysite (100 nm).

(7.34) The original recipe for artificial sea waés given by Lyman & Fleming (1940) is as follow&3.477 g NaCl ,
4.981 g MgCJ.6 H,O, 3.917 g N8O, , 1.102 g CaGI2 H,O , 0.664 g KCI , 0.192 g NaHGQ0.096 g KBr, 0.026 g
HsBOs, 0.24 g SrGland 0.003 g NaF are added to water to make °L dmthe present experiment, as well as in all
others where this artificial seawater was usedsithall amounts of KBr, §BO;, SrClL and NaF were left out.

(7.35) Three different reactions are possible,numEing Ca(NG)..4 H,O , MgSQ.7 H,O and NaCO; . When adding

calcium nitrate to a solution of magnesium sulftite,precipitate will be calcium sulfate (gypsurasganite or anhydrite
depending on the temperature of the solution). Agldnagnesium sulfate to a solution of sodium caat®leads to the
precipitation of magnesium hydroxide carbonate. sh@n mixing calcium nitrate solution with sodiuarigonate, the

precipitate will be calcium carbonate. Neverthetassnstructions of Siegel (1961) are quite clear.

(7.36) It will be remembered, that Baron (1958htkgsized dolomite at a temperature of 423 K; Meli959)
synthesized it at temperatures from 473 to 523 Kudbtry et al. (1962) performed successful syrshasi483 K;
Usdowski (1964) obtained dolomite in tests condiieted53 K; Bubb & Perry (1968) at 473 K; Surea@i7d) created
dolomite at a temperature of 423 K; Katz & Metthgid877) synthesized it at temperatures betweenaba68 K;
and Sibley et al. (1987) obtained dolomite at goenature of 491 K.

(7.37) In the original text the following descigst gives all the details: "Aus einer 2 m (Ca,Mg)Gbsung wurde

durch Fallung mit N&COs-Losung ein feinkdrniger, spharolitischer Niedetagherhalten. Die réntgenographische
Prufung ergab Dolomit" (Budzinski, 1961, p.31).
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(7.38) Duplication of the experiments of Oppenleirand Master was made possible through the genéwp of
Donald F. McNeill, at that time assistant to Pief.N. Ginsburg, University of Miami (Fisher Islaigfation), who
kindly sent samples of algal mats, mangrove pedipane water from mangrove peat deposits from tl@riiarea. His
help is acknowledged with sincere gratitude.

(7.39) The peptone used, is described by its naatwrer as "peptone from meat, peptic digest": FAUHKE. 70174 .

(7.40) At this place the experiments with livialgae by Gebelein & Hoffmann (1971, 1973) shouldrsntioned
once more. Gebelein & Hoffmann have tried to sysiteedolomite at room temperature with the aid wfuces of
Schizotrix calcicolaAlthough magnesium was concentrated from theosading sea water medium 3- to 4-fold by
these blue-green algae, only magnesium calcitds atithaximum 20 mol % MgCQesulted (possibly influenced by
the addition of ammonium carbonate to the cultudes)heir 200 different experiments Gebelein & fawdnn did not
obtain any trace of dolomite ("None of the experitaghus far have resulted in the formation of dule": Gebelein &
Hoffmann, 1971, p.325). Therefore the conclusios vemched, that dolomite formation must be a "stegrprocess"
not amenable to laboratory experimentation ("Doterfdrmation under these conditions may occur avéme-span
too long for experimentation": Gebelein & Hoffmad®,71, p.325).

(7.41) Exactly how difficult it is to compare tlaboratory observations made by Oppenheimer & M#$863, 1965)
to the situation in a particular outdoor environinéas been shown by Friedman & Foner (1982). atterltwo authors
set out to verify the presence, and measure teeteffof diurnal fluctuations in pH and Eh in twittlee sea marginal
pools of the Red Sea. However neither in the Swi @ulf of Eilat) nor in the sea-marginal poolRé&s Muhammed
(on the southern tip of the Sinai Penninsula) aegrdluctuations in pH could be measured (duetbrical difficulties
no Eh measurements could be made in the field) Bfter removing parts of the algal mats togethér supernatant
sea water from the pools and keeping these in blesers in the laboratory, no clear diurnal vemietin pH could be
observed. Attempts to create diurnal fluctuationghl by way of exposing the beakers to alterngtimases of artificial
light and periods of complete darkness, met witlsuxess. But the artificially introduced phaseligbt and dark were
quite effective in changing the Eh from about - 380 to - 280 mV. Because Friedman & Foner (1982) mated, that
the algal mats emitted considerable amounts ofdgr sulfide, in the field as well as in the lalbong they concluded,
that this production of $$ must have blocked the effects on the pH of, @@duction and COremoval. The
fluctuations in Eh, correlated with the alternatpizases of dark and light, would find their origirnthe production of
oxygen/carbon dioxide during the photosynthesibefalgae.

(7.42) In his paper Liebermann (1967) spoke cterdly of the solubility of magnesium carbonate] aited in support

the data obtained in experiments by Wattenberg &nrmérmann (1937). It turns out from thigieler
Meeresforschungerd.2 (1937), pp.81-94, that not the solubilitynafignesite had been measured but instead that of
magnesium carbonate trihydrate. The reason was\tatienberg & Timmermann (1937, p.82) had the isgom, that

no equilibrium reactions involving magnesite haddmee known: "Fir das wasserfreie Magnesiumkarbatsa, die
Form, die in der Natur als Magnesit vorkommt, s@i@begen die Gleichgewichtsbedingungen mit einerrigef
Lésung noch unbekannt, und es fragt sich, ob sehaloipt realisierbar sind."

(7.43) It is of some significance to note herat fritton (1926) has pointed out, that in ordegét a precipitate of
MgCGQ;.3 HO instead of one of magnesium hydroxide carbonate precipitant must be used which will supply th
necessary carbonate ions without introducing theceuatration of hydroxyl ions that causes the pitatipn of
magnesium hydroxide" (Britton, 1926, p.146). BeeaBsitton had established at an earlier time, thagnesium
hydroxide carbonate will start precipitating at g@me pH at which Mg(ORl)starts precipitating, he concluded: "As
magnesium hydroxide is precipitated at pH = 10itSis obvious that sodium bicarbonate (pH = 8.¥grealthough
added in large excess, cannot produce the corrésgprconcentration of hydrogen ions, and therefca@not
precipitate basic magnesium carbonate. It can, hervsupply the carbonate ions that, providedtti@tmagnesium salt
solution is sufficiently concentrated, will causeagnesium carbonate to separate. Boussingault (18284 that
sodium sesquicarbonate, J88;.2 NaHCQ , also could be used for this purpose. The dafsuefbach & Pick (1911)
show that the pH of such a mixture is approxima&§ , which is just a little below the value raqdi for the
precipitation of the hydroxide" (Britton, 1926, p6l).

(7.44) ltis perhaps good to remember the suggebif Backstrom (1921) concerning the active rblarea. Although
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his explanation concerned the use of urea in thle-temperature experiments by Bunsen (1847) andggois (1886
A), and postulated the hydrolysis of urea into amitnm carbonate to take place at the high tempesitused (around
413 K), Backstrom (1921) stressed the importandbeothus formedarbonategroups. At the same time the suggestion
was made, that ammonium ions played an activeimdlee precipitation of carbonates such as Cad@dyCQO; , SrCQ

, BaCQ , CdCQ and PbC@in the experiments of Bourgeois (1886 A). But thae could not be played by the
ammonium ions of NKCI, because experiments using this compound hdedfalccording to Backstrom (1921)
hydrolysis of NHCI caused slightly acidic conditions detrimentahity attempts to precipitate carbonates.

(7.45) The thermal dissociation of magnesium hyidie carbonate will set in at a temperature of &8G3 K (Kerr &
Kulp, 1948; Rowland & Beck, 1952). According to Kainer (1913) dolomite starts its thermal decontjmrsat about
773 K; Mitchell (1923 A) measured dolomite deconifias to start at about the same temperature, aaléll (1925)
gave 853 K as the temperature, at which dolonstesssits thermal decomposition.

(7.46) The information contained in this sectias tbeen kindly supplied by Dr.H.J. McCunn in therfof two
comprehensive letters to me (one dated 19 MarcH 29d one dated 11 March 1975). It had been Mc€({hAa72)
paper, that had aroused my interest in his worlkgnl 1976 an abstract entitled "Origin of Dolomit Model Based on
Cyclic Interaction of Continental Soda-Rich Wateith Concentrated Sea Water" by Dr. McCunn appeiréuke Bull.
Am. Assoc. Petrol. Geol. (Vol.60, p.696). By thedef 1976 | received a copy of a typescript of plenned paper
"Origin of dolomite: A depositional model basedthe decomposition of hydrated sulphates and magmneshloride
by bicarbonate salts derived from plant decay"gédes). This typescript carries a stamp with the"tEditorial Dept.
AAPG : Received Oct. 20 1975"; but as far as | amre, it has never been published [at least the NDIGBL
ABSTRACTS Vols. 76(1972) - 131(1999), do not listnior does the Science Finder list it for the ge899 — 2002.].
Although strictly speaking the letters and the sgpipt are not true publications, it was felt, ttf@se communications
had to be included here. If only to show my grdttdior the kind co-operation.

(7.47) Authors such as for example Mazé (1903) Sildngen (1906) have shown, how bacterial decotposif
plant leaves leads in general to large amountartion dioxide and methane.

(7.48) The ascorbic acid used in my experiments ka)-ascorbic acid of "pro Analysi" quality (MERCart.no.
127).

(7.49) For example Von Gorup-Besanez (1851), Seh€2866), Hoppe-Seyler (1875) and Pfaff (1894had tried to
produce dolomite under conditions of room tempeeséund atmospheric pressure.

(7.50) Various authors have mentioned the 196y Liebermann, not always in converging waysgve some
examples: Taylor & llling (1969, p.103) cited Ligb@nn's experiment as providing evidence on thetéomperature
formation of magnesium calcite (“Meanwhile, evidefor the precipitation of magnesian calcite at temperatures in
the laboratory was also forthcoming (... Liebermal®67)". Von Brand et al. (1969) have mentionégb&rmann's
(1967) claim on the low-temperature synthesis dbmide, but added that the salinity used was pertspnewhat
"exaggerated". [ "It is well known that synthesiscoystalline dolomite in the laboratory has beehiaved in the past
only at high temperatures and pressures, but nemently synthesis succeeded also at quite low texrypes under
conditions exaggerating, but at least approximatioge prevailing in high-salinity sea water (Lighann, 1967)": Von
Brand et al., 1969, p.303. ] Davies et al. (197.207) stated: "... Liebermann (1967) showed erpantally that
dolomitic carbonates precipitate around pH 8.1nd:d... almost all workers have explained the iarigf dolomite by

variations in the cationic ratio MgCa" (... Liebermann, 1967)" (p.208). Ohde & Kitan®18, p.115) recalled:
"Many studies have been carried out to know theofaccontrolling the formation of sedimentary doita® (...

Liebermann, 1967...)". Ricketts (1980, p.963)estathat "A variety of experimental techniques basn used which
have met with varying degrees of success; thesedeprecipitation from modified sea water soluti¢n. Liebermann,
1967)." Morrow (1982 A, p.9) remarked: "Liebermgi®67) also synthesized dolomite from artificialusions more
saline than sea water and with a Mg/Ca ratio apmately that of sea water but with relatively higH and CG*

concentration." Oomori et al. (1983, p.147) wrdtByntheses of Mg bearing carbonates were perforied.

Liebermann (1967)". Morrow & Ricketts (1986, p.40&)ted: "Prior to 1980 three possible kinetic festbad been
identified: ... 2) the carbonate ion concentratfbiebermann, 1967...)". Oomori & Kitano (1987, §)5made the
somewhat disparaging remark: "Syntheses of magnesikite and protodolomite from aqueous solutiahgow
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temperatures and pressures have also been attebypted.iebermann (1967)". Oomori et al. (198827) repeated:
"Synthetic studies of Mg-bearing carbonates at tiemperature were also carried out by ... Liebern{@@67)". Sun
(1994, p. 398) stressed the possible role of théClslgatio with the words: "A second effect of an-fiee global
climate is salinity and Mg/Ca ratio, which are thve overriding controls on dolomitization (Liebemm 1967; Folk &
Land, 1975 ...)". In their account Brady et al.9489p.727) claimed: "To achieve discernable readtiche laboratory,
high temperatures (200 - 36G) ... and/or extreme supersaturation (e.g., Limhan, 1967 ...) are required". But in
general these authors thought it sufficient to meritiebermann's claim on the low-temperature ssithof dolomite
in one way or another, but would not go so far asldplicate the experiments [e.g., "We have natngited to
reproduce the experiments of Liebermann (1967)séliand Zankl (1985), or Kocurko (1986), who hagported
forming ordered dolomite at low temperatures": Sj#t al., 1994, p.630.]

VIll. MECHANISM OF DOLOMITE FORMATION

(8.1) "Il y a donc toujours un retard; ces dissohs ne commencent & déposer des cristaux deosfiénque lorsque
leur température a été abaissée d'un certain nafeldlegrées au-dessous de la température qui imiétermine leur
point de saturation": Loewel (1850, p.92).

(8.2) "La sursaturation d'un sel cesse par leaoprtun de ses isomorphes a I'état cristalliséqvpocependent que la
solution soit dans un certain état de concentradiam la grandeur peut varier d'un isomorphe aréaulLecoq de
Boisbaudran (1866, p.95).

(8.3) "On constate, en effet, que les solutiondefoent sujettes a la sursaturation, lorsqu'eliéstatisent
spontanément, ne fournissent pas, le plus soutesgece chimique employée a preparer la solutiais des cristaux
de forme différente, de solubilité plus grande@itenant souvent une quantité différente d'eauid@liisation”: De
Coppet (1875, p.281). The reverse of this obsematie., that a solution of for example sodiunmfagal hydrate
(Glauber's salt) may well crystallize into sevdaains including the anhydrous g0, , had been published earlier by
Ziz (1815).

(8.4) "Aus Flussigkeiten, die sich erheblich ukiiten lassen, scheidet sich spontan in der Regeal @ine Art von
Krystallen, sondern gewdhnlich mehrere polymorphterab": Tammann (1898, pp.441-442).

(8.5) "Die spontane Kristallisation unterkihltdéigsigkeiten ist ein Vorgang, der in einzelnen Rerder Flussigkeit
eintritt und in hohen Mal3e dem Zufall unterworfeh Diese beiden Eigentiimlichkeiten der spontaneéstadflisation
weisen auf eine atomistische Struktur der Flisgighkénin": Othmer (1915, p.209).

(8.6) Tammann (1903) described his method for wogithe number of nuclei as follows: the compousdd should
first be melted (in most cases organic compoundl wielting points only slightly above room temparatwere
chosen). Rapid cooling to the desired degree oémaatling is the next step, followed by keeping timelercooled
liquid at this temperature for a certain periodiwie. It is during this phase of the experimerdt the nuclei are being
formed. The third step made it possible to actuadiynt the number of nuclei formed: the undercotitgdd should be
cooled quickly to a markedly lower temperature tides to speed up subsequent growth of the now fbmmelei. As a
result a clearly recognizable number of crystakegates would form, ready to be counted. Tamma8@g)lhad tested
some 150 different organic compounds, but his studdhmer (1915) restricted his tests to compowsutsh as
piperonal (heliotropine or 3,4-methylenedioxidel@dehyde), allylthiourea, phenol, salol (phenytsddite), stearic
acid, lauric acid, naphtalene, bromonitrobenzeakmitic acid, myristic acid, glycerylmyristate atrgbalmitin.

(8.7) Kornfeld (1916) introduced the useful cortagdJeberschreitungserscheinunggnoverstepping phenomena) to
delineate crystallization from undercooled melts from supersaturated solutions. Haber (1922) dedlathat
precipitation from supersaturated solutions in ganehether leading to crystalline or amorphoussgances, would be
the result of Ueberschreitungsvorgange (= overgtgppocesses).

(8.8) Such concentration fluctuations possess hotlamplitude and a frequency, as has been pointedhy Von
Smulochowski (1916, p.560): "In der Theorie der Kemtrationsschwankungen handelt es sich um zwieikndbleme,
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einerseits um die wahrscheinliche Gréf3e der momentaAbweichung der Konzentration in einem gewissen
Volumelement vom durchschnittlichen Zustand, andeits um die zeitliche Veranderlichkeit jener Almkeingen
oder, wie man kurz sagen kann, um@@hwankungsgroflend dieSchwankungsgeschwindigkeit

(8.9) Einstein (1910, pp.1282-1283) formulated t tlwnclusion in the following manner: "Wegen der
Unregelmassigkeit der Warmebewegung wird die Dighia einem Punkte der Flissigkeit vpg im allgemeinen
verschieden sein", and similarly on p.1285: "Nachder aus dem Boltzmann'schen Prinzip das statigisGesetz
ermittelt haben, nachdem welchem die Dichte eimdredtlichen Substanz ... mit dem Orte variiert..."

(8.10) "Nun kann ein Gebilde offenbar mehrereilaGleichgewichtszustande besitzen, welche vedehe Minima
der Energie entsprechen, und die durch relativeifgetrennt sind": Ostwald (1893, p.516), "Jedsali Lagen ist
die eines stabilen Gleichgewichts, und die zunelkdm&iabilitat entspricht der abnehmenden Energieelden kurzen
Namen fur solche Gebilde zu haben, welche zwaiil @, fir welche aber andere Zustande grossetabilitat

moglich bleiben, will ich sie metastabel Gebilde und ihre Zustdande metastabile Zustaedeem. Jeder
metastabile Zustand eines Gebildes ist durch eewinomte endliche Energiemenge charakterisiertcheelihm

zugefihrt werden muss, damit es in eine Lage gréisS¢abilitat tbergehen kann™: Ostwald (1893, p)51

(8.11) "Ich habe a.a.O. vorgeschlagen, solcheddidst metastab il zu nennen ... Hier ngidht diesen Namen
ausdriicklich auf solche Zustande beschrankt wisegs, sie eben als unmittelbar auf die Uberschrgitaler
Schmelztemperatur folgend geschildert sind, dllsheaZusténde, in denen keine andere UrsacheieaBedihrung mit
der anderen Phase, die Umwandlung bewirkt": Ost{B8®7, p.302). Generally it is assumed, that Qsth393,
1897) was the first to define metastability. Althbuperhaps Ostwald did indeed use the word "mdiastéor the first
time, others had been quite aware of the phenomassnch. To mention only one example: inltbgons sur l'affinité
of Sainte-Claire Deville (1867, p.81) the followiriRésumé des expériences de M. Gernez" can be :fouhm
solution sursaturée, comme un liquide surfondudast un état d'équilibre peu stable que I'on gétrtire dans des
circonstances si singulieres en apparance, sicigyses, que leur explication a donné lieu aux thgses les plus
diverses." And in more detail: "Comme pour les s@prfondus, une parcelle infiniment petite de &iéne dissoute ou
d'une substance isomorphe suffit pour produireolaification qui est accompagnée d'un dégagementithleur
souvent considérable" (Sainte-Claire Deville, 18681). In addition Lecoq de Boisbaudran (1866)Bhauer (1872)
and Thomson (1879) had described the capacityonfiasphous salts to initiate crystallization fronpstsaturated
solutions. On p.773 of Volume Il of hisshrbuch der allgemeinen Chentstwald (1902) revealed, that the actual
inspiration for distinguishing two different kindsf supersaturated solutions came from the obsenstmade by
Loewel (1850).

(8.12) "Solche Erscheinungen treten auch beim 8lkdem, beim Verdichten von Dampfen, ja sogar beadgenen
chemischen Reaktionen Uberaus haufig auf, und idbhta die Gesamtheit der bisherigen Erfahrungem dba
Gegenstand in den allgemeinen Satz zusammenfaksmnbeim Verlassen irgend eines Zustandes undJdengang
in einen stabileren nicht der unter den vorhandeiMamhéltnissen stabilste aufgesucht wird, sondeem d
nachstliegende.": Ostwald (1897, pp.306-307).

(8.13) "Wahrend unter idealen Bedingungen die Meldlitatsgrenze fir die metastabile Form bei héthi&emperatur
liegt, als diejenige fir die stabile Form, kannaffugeeignete kritische Stellen die Grenze firée¢ztiber diejenige fur
die unbestandigere Modification verschoben werded,somit die stabile Form zuerst krystallisireie Rrystallisation
der verschiedenen Modificationen wird also durctische Stellen verschiedenartiger Beschaffenhesigelost":
Schaum & Schoenbeck (1902, p.659).

(8.14) In various laboratory experiments on thgstallization of Cdl , Cohen & Moesveld (1920) noted, how the
nucleation rate of each of the two modificatiormrirsupersaturated solutions was influenced by tbsepce of other
compounds in the solution. In addition Cohen & Madd (1920) observed, that the presence of nuéldieostable
modification was not able to exert its influencdyew crystallization took place from highly supeusated solutions.
("Dieser Versuch, zeigt dass auch die stabile Nkatibn Keimwirkung fast nicht ausibt, wenn man aiieer stark
Uberséattigten Losung zusetzt": Cohen & Moesvel@019.494). Later Cohen & Van Hengel (1932) poirdet) how
the calorimeter measurements of Berthelot (1875t tmave been influenced by the presence of sewedifications of
BaCG; .
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(8.15) "Da bei geringen Unterkiihlungen die Anzat Kristallisationszentren gewdhnlich sehr geiistgso hat es,
wenn man kleine Flussigkeitsmengen untersucht,id@ein Anschein, als ob sich bis zu einer gewiSsamperatur
unterhalb des Schmelzpunktes keine Kristallisaiensen bilden. Diese scheinbare Temperaturgresizeé/hOstwald
als Grenze der Metastabilitdt bezeichnet": Tamn{a@a3, p.149).

(8.16) As Gibbs(1876/1878; reprinted pp.58-59)l@red: "... if the system is in a state in whithentropy is greater
than in any other state of the same energy, iviteatly in equilibrium, as any change of state mogolve either a
decrease of entropy or an increase of energy, varetalike impossible for an isolated system”, 'aNé may add that
this is a case aftableequilibrium, as no infinitely small cause (whethelating to a variation of the initial state orthe
action of any external bodies) can produce a fitli@nge of state, as this would involve a finiterdase of entropy or
increase of energy" (Gibbs, 1876/1878; reprint&é@).

(8.17) "We started, indeed with the assumptiohwemight neglect the part of the energy, etoqedeing upon the
surfaces separating heterogeneous masses. Nowninaeases, and for many purposes, as, in gendrah the masses
are large, such an assumption is quite legitimate,in the case of these masses which are formihvar among
substances of different nature or state, and wdticheir first formation must be infinitely smeatthe same assumption is
evidently entirely inadmissable, as the surfacestinel regarded as inifintely large in proportioh®e masses. We shall
see hereafter what modifications are necessanyrifoomulee in order to include the parts of thergpeetc., which are
due to the surfaces..." Gibbs (1876/1878; repript&8).

(8.18) "Nun sind aber die sich bildenden erstetchen der stabileren Phase aufRerordentlich kileiolgedessen wird,
wie Gibbs bemerkt, die Energie der Oberflabildung pro Masseneinheit einen der Entropiedifiergegentber
nicht zu vernachlassigen Wert besitzen. Der Wasati Oberflachenenergie ist aber auch, wenn dieiedifferenz
bekannt ist, nicht bestimmbar, und infolgedessetids G i b b s sche Stabilitaitsmal3: Entropiedifferplus Energie der
Oberflachenbildung, dividiert durch die absolutenperatur, in praxi nicht verwendbar": Tammann(190356).

(8.19): "Nach ihr durften dauernd Ubersattigtersurigen (oder dauernd Uberkaltete Schmelzen), (grimécht
moglich sein, da niemals die Mdoglichkeit eines g¢gdes Zusammentreffens der erforderlichen Molekeln
ausgeschlossen werden kann": Ostwald (1902 A, p.753

(8.20): "Man kann eine Lésung nun durch sehr geriinderungen der Temperatur und KonzentratiotJaustéanden,
unter denen sie sehr bald freiwillig krystallisjiet solche bringen, unter denen die freiwilligeigkallisation in
absehbarer Zeit Uberhaupt nicht stattfindet, wahdi@ aus den genannten Grossen abzuleitende Waklmisthkeit der
Zusammenstosse sich nur um einen kleinen Brugigéitdert hat": Ostwald (1902, p.753).

(8.21): "Il ne faut pas perdre de vue que la suration estelative Une solution saline peut étre, a la fois, suréatu
par rapport a une des formes du sel, et non sgtardapport a une autre de ces formes": De Cqhpér, p.469).

(8.22): "Un seul et méme liquide surfondu ou dursée peuta la méme températuret quelquefoigu méme instant
donner naissance, par cristallisation spontandeyg phases cristallines distinctes": De Coppe?7{1p.469).

(8.23) "Man hat in Verkennung des Gesetzes deldegraZahlen geglaubt, ein Unterkiihlungsgebiet aneehrn
durfen, in dem die spontane Kristallisation Ubeptanicht vor sich ginge. Diesen fundamentalen tnitaler seine
Wurzeln in einer Nichtachtung der Atomistik hattebe ich im ersten Teil meiner Arbeit durch Versuchirekt
widerlegen kénnen": Othmer (1915, p.209).

(8.24) "Diese merkwirdige Erscheinung ist auf eigentimliche Abhangigkeit der Kernzahle von daué@ der
Unterkiihlung zurtickzufihren. Bedingung fir das Aatiéin instabiler Formen ist, da die Kernzahl detabileren
Form bei der betreffenden Unterkiihlung erhebliabi3gr ist als die der stabileren Form, und dalR dimzahl der
stabileren Form bei ihrer Entstehung aus der iiistab sehr gering ist. Wenn neben diesen Bedirguagch noch die
lineare Kristallisationsgeschwindigkeit der instek#n Form viel groRer ist als die der stabilersa, sind die
Bedingungen fir das ausschlie3liche Enstehen diahiferen Form besonders ginstig”: Othmer (194237-238).
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(8.25) Writing on the possible application of thedynamics to irreversible chemical reactions, Ee(h921, p.754)
stated: "Nur Uber eine, vielleicht bedeutungsvB&gel verfigen wir, die bereits 1861 von Jul. Themg/gl. dazu
Bjerrum, Ber. deutsch. chem. Ge42, 4975 [1909]) aufgestellt wurde; hiernach habeakienen, die mit kleiner
Warmetdnung verlaufen, im allgemeinen eine hoheakRonsgeschwindigkeit, so dal’ die entwickelterié¢dalso ein
Minimum wird; diese Regel erklart, dal3 Verbindunget um so leichter bilden (in der Regel, keinggnienmer!), je
instabiler sie sind, wofiir die organische ChemadevBeispiele liefert. Doch sind diese Verhéltnisseh wenig geklart
und es ist nicht statthaft, wie neuerdings geschehier von einem "Stufengesetz" sprechen zu wéllpfRReading
Bjerrum's (1909) obituary for Hans Peter Jirgeiudurhomsen reveals, how Thomsen's statement qifrtheipe du
travail maximumappeared in print in 1852, that is to say 17 ypas to Berthelot's(1869) paper. Although the 285
paper by Thomsen appeared in the Danish languagepdpers enlarging on the same subject in the &etamguage
were printed in 1853 and 1854 Roggendorff's Annalehlt must be stressed, that Ostwald (1902 A, p.78&ched a
comparable conclusion regarding the relation betwaability and solubility: "Die Loslichkeit versigdener fester
Stoffe, die mit demselben Ldsungsmittel Ubereinstimde Losungen ergeben koénnen, folgt der umgekehrte
Reihenfolge ihrer Bestandigkeit; die bestandigsterigiebt also die verdinnteste Losung, und dieestdindigste die
konzentrierteste." On p.744 of Volume Il, Part fltes textbook on general inorganic chemistry O&w@902 A)
attributed this observation to Lecoq de Boisbaudi&66).

(8.26) "Die Thermodynamik gibt die Begriindung diudee Schwankungen der freien Energie": Haber (1p22722).

(8.27) "Schwankungen der freien Energie von acisesider Gro 3 e und Dauer bedingenea®zelne
kleinste, geordnete Aggregate dem Riickzerfall igeondnete Molekile entgehen und sich zu groReramedfe
auswachsen": Haber (1922, p.1723).

(8.28) "Die Kapillarkréafte sind die alleinige Ucdee fiir die Metastabilitat": Volmer & Weber (1926277).

(8.29) "Der enorm starke Abfall derPotenz mit steigender Uberséttigung ist die Ursdtin die Beobachtung einer
scheinbaren metastabilen Grenze": Volmer & Web8261 p.285). And "Die heutige Auffassung geht - riéigt
durch Versuche von Tammann, Othmer, Frl. Kornfeldl anderen - dahin, die sogenannte metastabilez&ren
anzusehen als vorgetauscht durch einen schnelladl Abr Keimbildungshaufigkeit mit abnehmender tsgtigung'":
Volmer (1929, p.556).

(8.30) "Befindet sich eine Uberséattigte Losunglén Nahe der metastabilen Grenze, so scheidegistd Freiwillig
Kristalle ab, wenn sie wechselnden Einflissen, Wrschiedenheiten des Druckes, der Temperaturichtl
Verdunstung u. dgl. ausgsetzt ist. Denn da jededdhesitung der Grenze, wenn sie auch an einem smdteinen
Orte stattfindet, alsbald an dieser Stelle Kristafion hervorrufen kann, welche sich dann dur@h giinze Masse
fortsetzt...": Volmer (1939, p.7).

(8.31) Writing on the stability of metastable dmlns, Volmer (1939, pp.7-8) stated: "... so istdie Bestandigkeit
einer solchen Ldsung nicht der Mittelwert der Zndsgrossen, wie ihn unsere gewohnlichen Messinstriteérangeben,
entscheidend, sondern sie reagiert auf die vormemdminimalsten Abweichungen, welche im Sinne demdherung

an die Grenze liegen". And added: "lhre Bestandligis daher von dem Betrage abhangig, welche diese
Abweichungen annehmen kénnen." Volmer (1939, p.8).

(8.32) "Nur die Anlagerung des ersten Bausteinesrfordert eine Schwankung der freien Energiege@éber allen
folgenden Bausteinen der Reihe ist die Gleichgewichgebung Ubersattigt": Stranski & Kaischew (198897); and
"Alle Versuche, die Kristallkeimbildung und das #téllwachstum theoretisch zu erfassen, filhren zdAigcken, deren
wesentliche Faktoren Exponentialfunktionen von Bieschwellen (den bei den spontanen Vorgéangen eientildung
aufzubringenden Arbeiten) darstellen”: Stranskb(l,9.289).

(8.33) "Das Entstehen und Weiterwachsen von Hlgstazeigt ausgepragter und reichhaltiger die Medender
Autokatalyse, als es bei Flussigkeitstropfchen [t ist. Der ersten und gré3ten Energieschwelien ligilden des
dreidimensionalen Keims folgen die kleineren bei Bidung einzelner Netzebenen und -reihen, woleei Kristall
einmal mit einer glatten und das zweite Mal miteeirgestuften Oberflache seine eigene Wachstumareakt
beschleunigt": Stranski (1950, p.291).
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(8.34) In order to explain the Second Law of thesigmamics in a simple way Clausius (1865) madeagisaimption,
that changes in the system were taking placecithic processso that the system would return to its initiatstagain.
In this definition of the Second Law dQ is an imiesimal amount of the heat absorbed, and T isiK&mperature. In
the case ofeversibleprocesses the definition would be given by:

9Q
T
And in the case dfreversibleprocesses the equation would change into:

I@ <0
T
The definition of the entropy concept, was intraetlby Clausius (1865) by way of the equation:

dQ
—= :S_S
T

in which S was described initially as ttierwandlungsinhalof a system, but immediately renamed emdropy

In his 1854 paper Clausius had used an emquati which the differential dQ was negative. THafinition resulted
from a model in which the amount of heat taken yphe system was negative, because the heat waghthim have
been withdrawn from "a neighbouring heat reservak$ a consequence the definition of entropy wddsle to be
changed into

£>0
T 2

, when using a negative differential dQ. But in 1865 paper Clausius liked to consider an amouhtaf absorbed by
a system as positive, and an amount of heat giffeasmegative. In 1904 Planck pointed out, thabeding to Gibbs
entropy was by definition the negative logarithnmpadbability, whereas Boltzmann had defined entrapyhe positive
value of the very same logarithm ("Wahrend namlBbltzmann die Entropie durch den Logarithmus der
Wabhrscheinlichkeit definiert, is die Entropie naaddr ersten Definition von Gibbs der negativ genomenmittlere
Logarithmus der Wahrscheinlichkeit. Bei irreveriblBrozessen nimmt also bei Gibbs der mittlere libtgaus der
Wabhrscheinlichkeit ab, wahrend bei Boltzmann degdrithmus der Wahrscheinlichkeit zunimmt": Plant®04,
p.116). This ambiguity of the two different defiaits still lingers in the form of uncertainty redeng the question,
whether entropy is "being produced" or is "beingdoed" in irreversible reactions.

(8.35) "Clausius, instead of enlarging his theempugh to include the processes he chose to caiblapensated”
(irreversible) contended himself with describingrthin physical terms ... With this decree, thernmadlyics turned its
back on the real world. Henceforth, relinquishitgasn engines, it would treat mainly a "universeh-infinite space
filled with some gas, the constitutive relationvdfich was specified only for the case when it waest with uniform
density and temperature. Hence grew the thermodyistisi notorious disregard for constitutive redas altogether,
their illusion that thermodynamics can do withdwérh and deal only in extremely general principl@stiesdell (1980,
pp-338-339).

(8.36) "Die Berechnung der freien Energie lagst der Regel nach nur bei solchen Veranderungsfiilanen, die im
Sinne der thermodynamischen Betrachtungen volkommansibel sind": Helmholtz (1882, p.23).
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(8.37)  "lrreversibel erscheint uns ein Vorgang, nweder betreffenden Zustand eine im Verhéltnis zur
Beobachtungsdauer lange Wiederkehrzeit besitzt; Renkrsibel erscheint uns ein Vorgang, wenn deretietde
Zustand im Verhaltnis zur Beobachtungszeit kurzedaiikehrzeit besitzt": Von Smoluchowski (1915, p)36rhis
definition contrasts markedly with the more rigidw expressed for example by Planck (1913, p.&ij Prozess, der
auf keine Weise vollstandig riickgangig gemacht eseikhnn, heisst "irreversibel”, alle anderen Pieé&seversibel"."

(8.38) Furth, who edited Volume 207 Obtwald's Klassiker der exakten Wissenschaflé&®23), in which Von
Smoluchowski'sAbhandlungen Uber die Brownsche Bewegwage reprinted, enthusiastically remarked (p.145):
"Diese Auffassung des zweiten Hauptsatzes von Sinolski rAumt endgultig mit dem Clausiusschen Satn
Warmetod auf, nach welchem, infolge des standiganhAens der Entropie im ganzen Weltall, schlief@iotabsolutes
Gleichgewicht eintreten muRte. Nach Smoluchowskinnkaes sich hochstens um einen statistischen
Gleichgewichtszustand handeln, in dem sich die tWedfindet, gegen den aber immer ieder Schwankuynged zwar
beliebig grolRe Schwankungen eintreten missen;studeren Wiederkehrzeit so enorm gro3, dal unseajade
Vorstellung abgeht." What Furth had not realizegaspently, was that earlier Boltzmann (1897) had enserious
objections against Clausius pessimistic interpmetadf the Second Law (the notoriously depressiigjuth "Die
Energie der Welt ist constant. Die Entropie der Mgkbt einem Maximum 'ziClausius, 1865, p.400), because planet
earth cannot be considered to be a "closed sysasmeéquired in equilibrium considerations. Boltzm#h897) had
particularly stressed the fact, that the earth eeastantly receiving a tremendous input of solargyn And it had been
Clausius (1865) himself, who had noted, that wharsitlering the energy and entropy of the univahsetransmission

of heat radiation and other forms of radiation t@tle taken into account. At the same time Boltaiisesd expressed
his conviction, that the solar system as a wholghimivell be far from equilibrium and therefore sdtjto large-scale
fluctuations.

(8.39) "In jeder beliebigen Umgebung eines willidlir vorgeschriebenen Anfangszustandes gibt esiddst die durch
adiabatische Zustandsanderungen nicht beliebigaippiert werden kénnen": Carathéodory (1909, p.363)

(8.40) "Ein jeder Vorgang in der Natur, der eirst8yn von Kdrpern aus einem gewissen Anfangszustarthen
gewissen Endzustand bringt, besitzt entweder djertschaft, dald er sich auf irgendeine Weise votaériickgangig
machen 1a3t, oder er besitzt die Eigenschaft, dafcle auf keinerlei Weise vollstandig riickgangigamen 1ait. Die
eine Eigenschaft schlief3t die andere aus. Im eFs#e heildt der Vorgang reversibel, im zweitend-ateversibel.":
Planck (1926, p.463).

(8.41) "Jeder in der Natur stattfindende Prozeffwt in dem Sinne, dal’ die Summe von Entropiéer @n dem
Prozel} beteiligten Korper vergréRert wird. Im Gfalzflr einen reversibln Prozel3, bleibt diese Swrungeandert.
Oder kirzer ausgedriickt: Die Entropie ist ein Mafdfe Wahrscheinlichkeit.": Planck (1926, p. 463).

(8.42) Bockris (1949) used the concept "primargiration” (chemical hydration) to describe the ditrg where the
cation and its attached water molecules move tegeth one entity through the solution. In thatagitn the water
molecules adhering the cation, have lost their eoagbility with respect to the cation. The concepectndary
hydration" (physical hydration) was applied to thosteractions between cations and water dipoleswhich
electrostatic forces play a role, but whereby thessding forces are not strong enough to lead itogoy hydration.
Bockris & Saluja (1972) suggested to use the termordination number" to replace the concept of arinfchemical)
hydration, and to use the term "hydration numbertiéscribe all those water molecules, that ar@enfted in their
dynamical behaviour by the presence of the cations.

(8.43) The name "dolomite reaction series" gibgrAlderman & Von der Borch (1963) has now beenshto be
misleading, in that it implies a chemical reactinthe basis of the hypothetical "Haidinger reactid\s demonstrated
in chapter 1, there is no reason at all to beltbaé for example a magnesium calcite will take uparand more Mg
(under conditions of room temperature and atmogphmessure), and gradually change into dolomite)tite or
magnesite. The actual mechanism consists of cafifee dissolution of this magnesium calcite argl thicleation of
dolomite under the influence of fluctuations. Tenapare during the fluctuations will determine wretldolomite or
other carbonates such as huntite or magnesitenudlleate. Continued growth of the respective nudigiends in
particular on the amplitude (and to a lesser exiarihe frequency) of the fluctuations in pH.
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(8.44) "Le mostabilité ne présente pas en chimie une signification abstdistabilité est relative aux conditions dans
lesquelles on place le composé, sur lequel raiscBaependent la signification qu'on attache le glngvent a cette
expression concerne la résistence de corps atiagline température progressivement croissantth&@ot (1879,
Vol.ll, p.11).

(8.45) "Ein ... nicht-erreichtes Gleichgewictiheint bei den Losungen der genannten Erdalkabcaten mit Luft als
Gasphase vorzuliegen": Halla (1960, p.270).

(8.46) "... mais en revenant en lItalie, je trougae les pierres de montagnes calcaires, qui secteédcelles de
porphyre, entre Bolsano & Trente, avoient cette m@articularité, quoiqu'elles soient en bancs batawux & que j'y
rencontrasse quelques empreintes de coquillagesDdlbmieu (1791, p.5).

(8.47) "The sediment is visibly concentrated oapzas of heavy plant growth, suggesting not ordy tarbonate
minerals are in actual precipitation from the lakaters but that there is a direct link between tplda and
precipitation”: Skinner (1963, p.451).

(8.48) "Es ist die allgemein bekannte Tatsadh8, die allein stabile Modifikation des kohlensaukalks der Calcit
ist": Leitmeier (1910 A, p.73).

(8.49) In his papedn the structure and Origin of Coral Reefs andrglgMurray (1880) attributed the differences in
rates of dissolution between different fossils iftecences in thickness of the calcium carbonagdsh'Analysis shows
that carbonic acid is most abundant in sea watet,especially so in deep water. Pteropod and Hatershells are
very much larger than the Foraminifera, yet arg wauch thinner; and hence, for the quantity of lcnatained in them,
they represent a much greater surface to the asftitire sea water. This seems to be the reasoralviarge and thin
shells are first removed from the deposits wittréasing depth, and the the fact that some shal€@nposed of
arragonite and some of calcite, as has been segde@tiurray, 1880, p.510)

(8.50) In this respect Nernst (1921) followed ¢éixemple of Ridorff (1873), who had studied mixegtais of NHCI
and NHNO; and had concluded, that these mixed crystals tuglgeone phase and did not consist of an arraiof
layers.

(8.51) "Offenbar hangt dieses Abwechseln der é&iepe Schichten innig zusammen mit der durch Adgampt
bedingten Entstehungsweise der Mischkrystalle wheist dem Umstande zu entsprechen, dass das \Machstes
Krystalles nicht stetig sondern sprungsweise r.siah geht": Sommerfeldt (1902, pp.60-61).

(8.52) In the original definition of Sommerfeldi902, pp.61-62): "... eine Zonarstruktur kann keisglben nur durch
Veranderungen, welche das Losungsmittel in seinecemtischer Zusammensetzung erleidet, veranlassten, oder
durch betréachtlichen Schwankungen der aussererabéein (Druck und Temperatur)." And: "Bei den isqohen
Mischkrystallen schreitet das Wachstum in Schiclviam stets gleichbleibender procentischer Zusametemsg fort,
solange die thermodynamischen unabhéngigen Vagiali€oncentration der flissige Phase, Druck, Teatpdrals
anndherend constant betrachtet werden dirfen": ®oieldt (1902, p.62).

(8.53) Liesegang (1911) drew a parallel betweba fipening" of the silver chloride or silver brataiof photographic
emulsions and the rhythmic precipitation createchiny, by way of adding droplets of calcium chloristdution and
droplets of silver nitrate solution onto a layergefatin on a glass plate. In photographic terriss"tipening" is in fact
the increase of the grain size of the silver cmifor -bromide). In the explanation given by Ostwthe larger grains
would become enlarged at the expense of the smailles. According to Kolthoff (1936, p.376) "Ostwaidening"

should, by definition, always be accompanied bynpumced changes of the external surface. But inohis

experiments on the changes taking place in frgstagipitated lead sulfate, barium sulfate, andesibhloride, Kolthoff
(1936) could not observe the phenomenon to begaitate. Instead a process of recrystallizationrvedisd in a film of
saturated solution surrounding the primary pasicleregularities on the surface of the crystalliteould supply the
ions. This process would be taking place at suettea that the lattice ions hardly had an oppatyuoienter the bulk of
the solution and so lead to "Ostwald ripening". falitors which would decrease the solubility of pinecipitate, were
noted to inhibit the speed of perfection (= re@ligiation). The speed of this "process of pertatti(as Kolthoff called
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it) is not determined by the (overall) solubility the precipitate, but instead by solubility in tfien of solution
surrounding the particle. At the same time Kolth(@®36) was able to explain the process of agglatioer taking
place: in many instances the crystallites becameented by bridges up to such a degree, that a cokarystalline
material will result. This cementing proces#risversible Ostwald Ripening is usually considered to befited stage
of a first order phase transition, in which coaisgnakes place (e.g., Wagner, 1961; Marqusee &sRbS83;
Voorhees, 1985; Beenakker & Ross, 1985).

(8.54) "Die Gleichgewichtseinstellung zwischenislchund Kristall erfolgt dagegen nicht durch disxkungeordneten
Molekulubergang, sondern nur durch Aufbau oder Ablian Netzebenen": Volmer (1922, p.271). Only |Ateimer,
Stranski & Kaischew revealed the important roley@thby fluctuations in free energy in starting eaelw layer during
two-dimensional nucleation.

(8.55) Compare the following effusions: "Augensolieh ist es die thermodynamische Form, die datrafien
erweckt, dal3 hier der Vorgang vollstandig erfaidt @ssel (1934, p.461), and "Unverkennbar ist Bastreben der
Neuzeit, allmahlich die erste, rein thermodynamésckuffassung, auf Kosten der zweiten, der molekualarzu
entwickeln ...": Van 't Hoff (1898, p.4).

(8.56) "Der Gegensatz zwischen der thermodynamiscind der kinetischen Methode beruht bekanntlawhuf, daf?
die erstere mit Begriffen (wie Dichte, Druck, Temgtar usw.) operiert, welche der makroskopischeob@ehtung
enstammen und durch Annahme rdumlicher und zedtlitlomogenitét idealisiert werden, wahrend letztbeselben
durch statistische Begriffe ersetzt, welche die @amsung von Wahrscheinlichkeitsbetrachtungen erfafde/on

Smoluchowski (1904, p.205).

(8.57) In the years after 1986 M. J. Kocurko aiitdd only one paper (Kocurko, M. J. & Kocurko,J3.1992: Fossil
Octocorallia of the Red Bluff Formation, Lower Qligene, MississipiJournal of Paleontologyol.66, pp.594-602),
but nothing more on dolomite formation. That is&y as far as | know at present, on the basisafdmpilation of the
Chemical Abstracts / Science Find&87-2002. Several attempts to contact Mr. Kocimkt999 met with no success.

(8.58) Roman Smoluchowski is the son of Mariam ®moluchowski. Roman was born on 31 August 1910 in
Zakopane (then Austria-Hungary, but now part ofaRd). After an education at the universities of ¥&ar (Poland)
and Groningen (The Netherlands), Roman Smoluchoemskgrated to the United States in 1935 and becatdeS.
citizen in 1946. His education was in physics;rhin interests were in solid state research, roeggll and astronomy.
(source: Marqui$Vvho's Whp41st ed., 1980-1981; Vol.2, pp.1923-3745; Chicégp
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